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Editorial

Dear JPR Readers,

We are pleased to share with you the third issue of “The Journal of Pediatric Research” in 2023. Here comes the

autumn when leaves change color, trees become bare, humans and animals alike prepare for the cold winter that lies
ahead.

French philosopher, author, and journalist Albert Camus once described the season as “the second spring, where
every leaf is a flower”.
During the autumn months, allergies, flus, colds, and other ailments are common in the children.

While this season has an earthy beauty to it, it can also teach the children some valuable lessons about life. Here are
some things children can learn from this season: “Accept change, appreciate what you have, let go, live life to the
fullest, accept bad times as well as the good”. Children need simple tools to understand complex phenomena. We can
use the metaphor of the trees and their falling leaves to teach a little child some valuable life lessons.

Third issue of JPR includes 10 interesting articles with different topics. First article entitled “Evaluation of
Electrocardiographic Markers for the Risk of Cardiac Arrhythmia in Children with Obesity” concluded that the
electrocardiographic risk markers used to predict cardiac arrhythmias were found to be increased in those children
with obesity; Increased body weight and adiposity may have unfavorable effects on the cardiac conduction system.
In the other study entitled “Evaluation of Vascular Involvement in Children with Celiac Disease” authors found that
arterial stiffness and carotid intima media thickness measurements were higher in the celiac disease patients compared
to the healthy controls. In another study in this issue, authors evaluated the neurodevelopmental status for urea cycle
disorders, and found that peak ammonia levels and the frequency of hyperammonemic episodes have effects on
neurological outcomes and there are still poor neurocognitive outcomes despite extracorporeal detoxification.

I would like to acknowledge the authors, the reviewers, editorial team and Galenos Publishing House for their support
in the preparation of this issue. We look forward to your scientific contributions in our future issues.

Wish you beautiful autumn season full of joy, health and science.

Kind Regards,

Prof. Dr. Ziilal Ulger Tutar
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Evaluation of Electrocardiographic Markers for
the Risk of Cardiac Arrhythmia in Children with
Obesity

® Hatice Yilmaz Dagli!, ® Fatih Sap2, ® Mehmet Burhan Oflaz2, ® Beray Selver Eklioglu3,
® Mehmet Emre Atabek3, ® Tamer Baysal?

TNecmettin Erbakan University Meram Faculty of Medicine, Department of Pediatrics, Konya, Turkey
2Necmettin Erbakan University Meram Faculty of Medicine, Department of Pediatric Cardiology, Konya, Turkey
3Necmettin Erbakan University Meram Faculty of Medicine, Department of Pediatric Endocrinology, Konya, Turkey

ABSTRACT
Aim: This study was conducted to examine the electrocardiographic markers used in the risk assessment of cardiac arrhythmia in children with
obesity.

Materials and Methods: In this prospective study, 60 children aged 3-17 years with exogenous obesity and 60 age and sex-matched healthy
controls were included. Demographic data, assessment of atrial and ventricular arrhythmia risk markers in electrocardiography, and standard
echocardiography measurements were performed. Values of p<0.05 were considered significant.

Results: The mean ages of the study and control groups were 11.51+3.48 years and 10.74+3.72 years, respectively. Both groups had 30 males and 30
females. The study group had significantly higher average mean body mass index (BMI) compared to the control group. In electrocardiographic
examinations, P-wave dispersion, QT dispersion (QTd), corrected QTd (QTcd), Tpeak-Tend (Tp-e), Tp-e/QT, and Tp-e/QTc values were significantly
higher in the obese group compared to the control group. In echocardiographic examinations, the dimensions of the heart chambers and
vascular structure and wall thicknesses were found to be significantly higher in those children with obesity.

Conclusion: The electrocardiographic risk markers used to predict cardiac arrhythmias were found to be increased in those children with obesity.
This may suggest that increased body weight and adiposity may have unfavorable effects on the cardiac conduction system.

Keywords: Child, electrocardiography, heart, obesity

Introduction (coronary heart disease, cardiomyopathy, heart failure,

Childhood obesity, defined by the World Health cardiac arrhythmias, and heart valve diseases) and
Organization (WHO),as “Ibnormal or excessive fat impairments (left ventricular hypertrophy, left ventricular

accumulation in the body to the extent that it impairs dilatétion, left atrial dilatation, ahd blgcks? may develop (?).
health”, is a global disease with potentially devastating Obesity also paves the way for disruption in the myocardial

consequences (1). Obesity-related cardiovascular diseases metabolism and arrhythmia in the heart with changes
in fat metabolism. Sinus arrhythmia, bradycardia, sinus
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block, supraventricular beats, ventricular ectopic beats, and
intraventricular blocks can be seen in obesity (3).

P-wave dispersion (Pd) is defined as the difference
between the longest and shortest P-wave intervals
measured in a standard 12-lead electrocardiogram (ECG)
(4). It is associated with the inhomogeneous spread of sinus
impulses in patients and it is an important non-invasive
ECG marker recommended in the evaluation of the risk of
atrial arrhythmia (5). QT dispersion (QTd) is a parameter
which shows ventricular repolarization heterogeneity (6).
It has been shown that QT, corrected QT (QTc), and QTd
predict ventricular arrhythmic events and sudden death
(7). The Tpeak-Tend interval (Tp-e), an interval from the
peak of the T-wave to the end of the T-wave, corresponds
to the transmural distribution of ventricular repolarization
(8). Tp-e is a new parameter which shows ventricular
repolarization and predicts ventricular arrhythmias and
sudden death even in those with normal QTc. Both Tp-e
and Tp-e/QT ratios have been associated with malignant
arrhythmias (9). This study was conducted in order to
evaluate cardiac arrhythmia risk markers on the ECGs of
children with obesity.

Materials and Methods

Study Group

Our study was conducted prospectively, cross-
sectionally, and observationally in children aged 3-17 years
between June, 2020 and December, 2020. Sixty children
who were followed up with a diagnosis of exogenous
obesity were included in the patient group. The exclusion
criteria were defined as having a chronic disease other than
exogenous obesity and having congenital or acquired heart
disease. Sixty healthy children without chronic diseases,
who were matched with the study group in terms of age
and sex, were included in the control group. Ethical approval
was obtained for our study from the Necmettin Erbakan
University Meram Faculty of Medicine, Non-Pharmaceutical
and Medical Device Research Ethics Committee (decision
number: 2020/2605, dated: 19.06.2020).

Clinical and Laboratory Evaluations

Anthropometric measurements [body weight, height,
and body mass index (BMI)], age, sex, blood pressure, and
physical examinations were evaluated in the study and
control groups. Complete blood count, biochemistry, and
hormonal tests, which were taken routinely in the patient
group, were evaluated. No blood tests were performed in
the control group.

Electrocardiographic Evaluations

Electrocardiographic records were obtained using
a 12-lead Nihon Kohden Cardiofax S (Tokyo, Japan)
electrocardiograph (25 mm/sec velocity and 10 mm/
mV amplitude). The ECG images were transferred to
a computer in a way that their planarity would not be
impaired. The images were evaluated by an experienced
physician using a program. Heart rate and PR interval
calculations were performed by averaging three
consecutive measurements from the DIl lead. P-wave
duration measurements were made from at least nine
leads. The time between the starting and ending points
of the P-wave from the isoelectric line was evaluated as
the P-wave interval, and then the longest (Pmax) and the
shortest (Pmin) P-wave intervals were also determined.
Pd was evaluated as the difference between the longest
(Pmax) and shortest (Pmin) P-wave intervals (4). QT
duration measurements were also made from at least nine
leads. The time between the onset of the QRS complex
and the junction of the T wave with the isoelectric line
was measured as the QT interval. QTd was calculated as
the difference between the longest (QTmax) and shortest
(QTmin) QT intervals. QTc was calculated according to
heart rate using Bazett's formula (QTc=QT/+/RR) (10).
QTc dispersion (QTcd) was determined as the difference
between the longest (QTcmax) and the shortest (QTcmin)
QTc intervals.

The Tp-e interval was determined by measuring the
time between the peak of the T wave and the junction with
the isoelectric line. The precordial lead (V5 or V6) which
best showed the left ventricle was used when measuring.
The tangent method was used when the cut-off point of
the end of the T-wave with the isoelectric line could not be
evaluated. Tp-e/QT and Tp-e/QTc ratios were calculated
by measuring QT and QTc from the same lead (precordial
lead) where the Tp-e time was measured.

Echocardiographic Evaluations

The Vivid S5 N (GE, Horten, Norway) echocardiograph
and 3S probe were used for echocardiography (ECHO)
examinations. A standard examination was performed
by an experienced pediatric cardiologist with the
techniques specified in the guidelines of the American
and European Society of Echocardiography, which are
accepted in international practice (11,12). During the ECHO
examination of the patients, left ventricular end-diastolic
diameter (LVEDD), left ventricular end-systolic diameter
(LVESD), left atrium (LA), aortic root (Ao), end-diastolic
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interventricular septum thickness (IVSd), end-diastolic
left ventricular posterior wall thickness (LVPWd), ejection
fraction (EF), and fractional shortening (FS) measurements
were made.

Statistical Analysis

The IBM SPSS for Windows® 22.0 program was used
for the statistical analysis of the data. Frequencies, ratios,
mean and standard deviations of different variables were
determined using descriptive statistics. The Kolmogorov-
Smirnov test was used to evaluate the conformity of
continuous data to the normal distribution. Continuous
data which did not show normal distribution were tested
for their conformity to the normal distribution through
datatransformation. Intheanalysis of normally distributed
continuous variables, the t-test was used in independent
paired groups to determine differences between the
groups, and the Mann-Whitney U test was used in the
analysis of independent paired groups of continuous
variables which did not show normal distribution. A
p-value of <0.05 was considered statistically significant
in the analyses.

Results

Characteristics of the Groups

The mean age of the study group and control group
was 11.51+3.48 years and 10.74+3.72 years, respectively. The
male/female ratio was 30/30 in both groups. There was
no significant difference between the study and control
groups in terms of age and sex (p>0.05). However, body
weight (p<0.001), height (p=0.001), BMI (p<0.001), and
BMlI-standard deviation scores (SDS) (p<0.001) were found
to be significantly higher in the study group compared to
the control group. In addition, systolic and diastolic blood
pressures were found to be significantly higher in the study
group compared to the control group (p<0.001). The general
characteristics of the groups are summarized in Table I.

Laboratory Findings

Laboratory findings were obtained from the files of the
study group. No blood was collected from the control group.
Therefore, a comparison between the two groups could not
be made. The blood values of the study group are shown in
Table Il together with the laboratory reference values.

Table I. Comparison of the general characteristics of the patient and control groups

Obese subjects (n=60) Lean subjects (n=60)
p-value
Mean * SD Mean * SD

Age (years) 11.51£3.48 10.74£3.72 0.246
Gender (female/male) 30/30 30/30 0.999
Weight (kg) 74.30+25.73 37.00£15.31 <0.001
Height (cm) 151.78+19.66 139.57+18.87 0.001
Body mass index (kg/m?) 31.09+4.83 18.06+3.44 <0.001
Body mass index-SDS 2.42+0.37 0.00+1.07 <0.001
Systolic blood pressure (mmHg) 119.25+12.06 102.42+10.95 <0.001
Diastolic blood pressure (mmHg) 76.72+8.57 66.00+9.37 <0.001
SD: Standard deviation, SDS: Standard deviation scores
Table Il. Laboratory values of the patient group
Laboratory values Mean SD Median Highest Lowest :iifl}:i:::r:‘:caer?‘(’j/o) ‘Ijaelf::nce
Glucose (mg/dL) 91.52 735 91.35 109.80 71.00 8.3 60-100
Insulin (mU/L) 26.42 11.90 24.80 59.26 778 491 2.6-24.9
HbA1C (%) 517 0.32 5.20 6.00 4.40 1.7 4-6
Cholesterol (mg/dL) 160.08 33.80 159.45 242.70 90.90 10.3 0-200
Triglyceride (mg/dL) 157.80 110.26 136.70 722.30 48.80 423 0-150
VLDL (mg/dL) 30.09 19.86 26.90 140.20 9.76 39.2 0-30
HDL (mg/dL) 43.88 9.15 44.70 61.50 16.70 67.2 0-40
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Table II. Continued

Laboratory values Mean SD Median Highest Lowest :E:i:::r?:::ed ‘Ifaelf::nce
LDL (mg/dL) 85.23 28.64 86.36 160.46 10.77 26.7% 0-100

AST (U/L) 26.83 14.30 22.90 93.00 10.50 8.3% 0-41

ALT (U/L) 33.03 26.89 23.20 174.30 10.00 21.6% 0-40

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, HbAlc: Hemoglobin Alc, HDL: High-density lipoprotein, LDL: Low-density lipoprotein, VLDL: Very low-
density lipoprotein, SD: Standard deviation

Electrocardiographic Parameters Echocardiographic Parameters

The Pd, QTd, QTcd, Tp-e durations, and Tp-e/QT and Tp-e/
QTc ratios were found to be significantly higher in the study
group compared to the control group (p<0.001). Heart rate
and PR interval time were found to be similar between the
groups (p>0.05). No patients had arrhythmia or a long QTc
interval. The electrocardiographic measurement findings
and statistical comparisons are given in Table Ill.

The dimensions of the cardiac chambers and vessels
(LVESD, LVEDD, Ao, LA) and the wall thicknesses (IVSd,
LVPWd) of the study group were found to be significantly
greater (p<0.001). However, there was no significant
difference between the groups in terms of the LA/Ao ratio
or systolic functions (EF and FS) (p>0.05) (Table IV).

Table Ill. Electrocardiographic features of the obese and control groups

Obese subjects (n=60) Lean subjects (n=60) p-value
Rate (/min) 94.5+18.63 89.63+16.06 0.128
PR (ms) 123.43£15.87 121.8+13.62 0.546
Pmin (ms) 56+7.9 56.67+6.8 0.621
Pmax (ms) 89.33x7.75 81.07+£6.54 <0.001
Pd (ms) 33.33+4.27 24.4+3.01 <0.001
Qtmin (ms) 291.27+26.92 29713+25.44 0.222
Qtmax (ms) 329.67+26.6 323.2+25.49 0177
QTd (ms) 38.4+5.9 26.07+3.86 <0.001
Qtcmin (ms) 361.09+22.71 359.67+23.35 0.736
Qtcmax (ms) 408.94+22.76 391.36+24.41 <0.001
QTed (ms) 47.85+8.04 31.69+5.41 <0.001
Tp-e (ms) 65.57+£5.08 58.07+4.2 <0.001
Tp-e/QT 0.21£0.02 0.19+£0.02 <0.001
Tp-e/QTc 0.17£0.01 0.15+£0.02 <0.001

Pd: P dispersion, Pmax: Maximum P-wave duration, Pmin: Minimum P-wave duration, QTcd: QTc dispersion, QTd: QT dispersion, QTcmax: Maximum QTc duration,
QTcmin: Minimum QTc duration, QTmax: Maximum QT duration, QTmin: Minimum QT duration

Table IV. Echocardiographic features of the obese and control groups

Obese subjects (n=60) Lean subjects (n=60) p-value
LVEDD (mm) 44.26+5.04 39.4+4.87 <0.001
LVESD (mm) 26.59+3.51 23.39+3.25 <0.001
IVSd (mm) 8124133 71241.67 <0.001
LVPWd (mm) 8.5+1.37 713+£1.07 <0.001
LA (mm) 30.545.39 26.18+3.74 <0.001
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Table IV. Continued

Obese subjects (n=60) Lean subjects (n=60) p-value
AO (mm) 24.03+3.85 22.00+2.85 <0.001
LA/AO 1.27+£0.14 1.25+1.15 0.542
EF (%) 69.42+8.71 71.2743.42 0.128
FS (%) 39.92+3.02 39.47+5.73 0.837

AO: Aortic root, EF: Ejection fraction, FS: Fractional shortening, IVSd: End-diastolic interventricular septum thickness, LA: Left atrium diameter, LA/AO: Left atrium
diameter to aortic root ratio, LVEDD: Left ventricular end-diastolic diameter, LVESD: Left ventricular end-systolic diameter, LVPWd: End-diastolic left ventricular

posterior wall thickness

Discussion

The prevalence of obesity is increasing worldwide and
it constitutes an important economic and public health
problem due to its morbidity and mortality (13). The fact that
obesity is observed in childhood means that cardiovascular
diseases will begin at a younger age, the burden of chronic
disease will begin to appear in the most productive years
of people, and it will worsen public health (14). In previous
studies, it was shown that obesity increases the risk of atrial
fibrillation (AF), the risk of AF increases again in adults who
were obese in childhood, and it was shown that losing body
weight reduces the risk of AF (15,16).

The prevalence of childhood hypertensionin childrenwith
obesity increases as blood pressure shifts towards higher
levels as body weight increases (17). A close relationship
has been shown between BMI and blood pressure levels
in overweight adolescents. In one study, it was found
that every 10-unit increase in BMI was associated with an
increase of 10 mmHg in systolic blood pressure and 3 mmHg
in diastolic blood pressure (18). Body weight, BMI, and BMI-
SDS values were higher in our obese group in comparison to
the control group, which were similar in terms of age and
sex. Similar to previous studies, both systolic and diastolic
blood pressures were found to be significantly higher in the
obese group in our study.

Pd is associated with the inhomogeneous spread of
sinus impulses in patients and it is an important ECG
marker in the evaluation of the risk of atrial arrhythmia
(5). Although a significant increase in Pd was observed in
studies conducted in adult patients with obesity, there have
been conflicting results in studies conducted in children. In
the study of Akylz et al. (19) performed with 67 children
with obesity and 70 controls, no significant difference was
found between the two groups in terms of Pd. Another
pediatric age group study was conducted with 30 children
with obesity and 30 controls, and Pd in the obese group
was found to be significantly higher than in the control
group (51.33+11.67 ms vs. 39.67+11.59 ms, p<0.05) (20).
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In another study performed with 59 children with obesity
and 38 healthy volunteers, Pd was found to be significantly
higher in the patient group (21). In our study, Pd was found
to be significantly higher in obese children. Accordingly,
as Pd is an indicator of susceptibility to atrial arrhythmia,
children with obesity should be followed up losely. Also, the
importance of losing body weight should be emphasized to
families and children in order to reduce risk.

It has been shown that QT, QTc, and QTd predict
ventricular arrhythmic events and sudden death (7). Studies
have been conducted on QT, QTc, QTd, and QTcd in children
with obesity and these values increased with obesity. In
a study conducted with 81 children with obesity and 82
normal-weight children in our country, a significant increase
was found in QTd and QTcd (22). Olivares Lopez et al. (23)
found the mean QTc values to be significantly longer in the
obese group in a limited study conducted with 13 patients
with obesity and 17 overweight individuals. In another study,
it was shown that QTcd was found to be significantly higher
in the obese group (24). In the study conducted by Ozkan et
al. (25) with 45 children with obesity and 87 normal-weight
children, they found the mean QTc values to be significantly
higher in the obese group.

Tp-e interval is a relatively new ECG parameter which
shows ventricular repolarization and predicts ventricular
arrhythmias and sudden death, even in those with normal
QTc. Both the Tp-e interval and Tp-e/QT ratio have been
associated with malignant arrhythmias (9). There are
insufficient data in the literature on these parameters
because they have only just begun to be studied, even in
adults with obesity. In one study conducted with adult
patients, it was shown that Tp-e interval and Tp-e/QT ratio
values were higher in the obese group, but no significant
difference was found between the groups (26). Another
study in the adult age group was conducted with 41
individuals with extreme obesity and 41 healthy people, and
they found that the Tp-e interval and ratios of Tp-e/QT and
Tp-e/QTc were significantly increased in the patient group (7).
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In another study conducted with 126 healthy children aged
9-12 years, the Tp-e/QT ratio and anthropometric values
were compared, and a significant linear correlation was
found between the Tp-e/QT ratio and BMI (27). Tire et
al. (28) showed that in children with obesity, heart rate,
PR interval, Pd, QRS duration, QTd, QTcd, left ventricular
hypertrophy, and Tp-e interval were found to be statistically
different from healthy controls. In our study, the Tp-e
interval, and ratios of Tp-e/QT and Tp-e/QTc were found
to be significantly higher in the obese group. The fact that
transmural repolarization indicators (Tp-e interval, Tp-e/
QT ratio, Tp-e/QTc ratio) were found to be higher in our
patient group together with other ventricular repolarization
parameters (QTd and QTcd) compared to the control group
supported the increased risk of ventricular arrhythmia in
children with obesity. To the best of our knowledge, there
are a limited number of studies on the ECG parameters of
children with obesity. Thus, our study may contribute to
the literature.

In one study conducted on children, LVEDD was found
to be significantly increased in the obese group compared
to the control group (20). In our study, it was observed
that LVEDD was significantly higher in the obese group
compared to the control group, which is consistent with
the literature. In many studies in the literature, 1VSd and
LVPWd were evaluated in children with obesity and it
was observed that these parameters were higher in the
obese groups. Studies conducted with various numbers of
patients with obesity showed that IVSd and LVPWd were
significantly higher in children with obesity (20,29,30).
In our study, in accordance with the literature, 1VSd and
LVPWd were significantly higher in the obese group.

LA size is an important determinant of cardiovascular
health in adults. In a study performed with 991 children, a
relationship was found between BMI and LA size (31). In the
study of Hurtado-Sierra (32) on 142 participants including
53 obese and 39 overweight volunteers, LA size was found
to be significantly higher in the obese group. In our study,
LA diameter was found to be significantly higher in the
obese group compared with the control group. Uner et al.
(20) and Ghandi et al. (30) both observed that there were
no significant differences in terms of systolic functions
between the obese and control groups. In our study, in
line with the literature, it was observed that systolic
functions were preserved in the obese group and also,
they were similar to the control group. According to our
echocardiographic findings, it was observed that the width

of the heart/vessels and wall thicknesses were higher in
childhood obesity. We think that this is due to increased
body mass, fat proportion, and arterial blood pressure.

Study Limitations

The cardiac evaluations of our patients were cross-
sectionally performed at the time of diagnosis. Our data
were obtained in the early period of obesity; therefore,
long-term cardiac changes in the patients could not be
followed. For this reason, we think that comparing long-
term and post-weight loss cardiac evaluations will yield
more meaningful results.

Conclusion

It was observed that in addition to increased body
weight, BMI, and BMI-SDS in children with obesity, heart/
vessel widths, wall thicknesses, and blood pressure also
increased. Electrocardiographic risk markers for the
prediction of atrial (Pd) and ventricular (QTd, QTcd, Tp-e,
Tp-e/QT, and Tp-e/QTc) cardiac arrhythmias were found to
be higher in our children with obesity group. This suggests
that increased body weight and adiposity may affect the
electrical conduction system of the heart, and thus it is
important to be vigilant in terms of heart rhythm problems
which may develop in children with obesity. It is important
to explain to patients and their relatives that losing body
weight can reduce these risks. However, further studies are
needed on this issue.
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ABSTRACT

Aim: Celiac disease is associated with an increased risk of cardiovascular disease due to inflammation and autoimmunity involved in its
pathophysiology. We aimed to evaluate vascular involvement in children with celiac disease based on their augmentation index, carotid pulse
wave velocity, carotid intima-media thickness, echocardiographic findings, and blood pressure.

Materials and Methods: This cross-sectional and controlled study was performed at a single center between 2018 and 2019. The study population
consisted of 44 patients with celiac disease who had been on a gluten-free diet for at least one year.

Results: \We compared celiac patients with a healthy group. While the celiac patients had significantly higher carotid intima media thickness
and carotid pulse wave velocity values, there was no difference in the augmentation index values. There was no significant difference in carotid
artery intimal medial thickness, augmentation index and carotid pulse wave velocity values between the diet-compliant and non-compliant
groups.

Conclusion: Although hypertension was not detected, arterial stiffness and carotid intima media thickness measurements were higher in the
celiac disease patients compared to the healthy controls. This showed that these parameters can be used in early vascular damage assessment.
These measurements, which are non-invasive and repeatable, can be a guide for the monitoring of the development of preclinical atherosclerosis
in the follow-up of the pediatric patients diagnosed with celiac disease.

Keywords: Alx, celiac disease, children, cIMT, PWV

Introduction (tTG IgA), and screening followed by confirmatory small
intestine biopsies (5). The only treatment is a life-long
gluten-free diet (GFD). A GFD eliminates the gliadin and

Celiac disease (CD) is an immune-mediated condition
characterized by inflammation triggered by dietary gluten

and related prolamins and associated smallintestinal villous glutamine protein fractions contained in wheat, rye, and

atrophy (1,2). Genetic, immunologic and environmental barley. Serological test values return to normal in 6-12

factors are thought to be responsible for the development months after starting a strict GFD diet (6).

of CD (3,4). The risk of cardiovascular disease (CVD) in CD patients
CD is diagnosed using specific antibodies, such as tissue- is still debated. Inflammation is associated with an

transglutaminase antibody immunoglobulin-A antibody increased risk of atherosclerosis (7,8). Atherosclerosis is
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the most important risk factor for CVD and it begins in
childhood. Patients at high risk of CVD can be identified
by determining arterial thickness and elasticity (9-11). In
the review study by Bernardi et al. (12), it was concluded
that celiac patients should be screened for CVD risk. As
subclinical atherosclerosis is reversible when detected and
intervened early, the early diagnosis of arterial injury is
important to prevent future vascular risk. Early diagnosis
is possible by measuring increased carotid artery intimal
medial thickness (cIMT), carotid pulse wave velocity (PWV)
and the augmentation index (Alx). cIMT is evaluated by
ultrasonography (13). Arterial stiffness can be assessed by
the measurement of carotid PWV and Alx, which are the
main indices for estimating arterial elasticity (14). These
methods are repeatable, reliable, easy, and noninvasive
techniques which can detect any increased arterial stiffness
and thickness at an early stage (15).

CD is associated with an increased risk of CVD due
to inflammation and autoimmunity (16-21). Additionally,
the GFD contains high levels of fat, sugar and salt, and
children with CD are exposed to excessive hypercaloric and
hyperlipidemic products. Moreover, it is an unbalanced diet.
A GFD may have a negative impact on cardiometabolic
and cardiovascular risk factors, including obesity, increased
serum lipid levels, insulin resistance, and cardiometabolic
and cardiovascular risk factors leading to metabolic
syndrome and atherosclerosis (22). In this study, we aimed
to evaluate vascular involvement in children with CD based
on their Alx, cIMT, carotid PWV, echocardiographic findings,
and blood pressure.

Materials and Methods

This cross-sectional and controlled study was performed
at a single center between 2018 and 2019. The study
population consisted of 44 previously diagnosed biopsy-
proven CD patients who had been on a GFD for at least one
year.

There were no known co-morbidities such as
hypertension (HT), dyslipidemia, systemic autoimmune
disease, active infection, Mediterranean fever syndrome
or selective immunoglobulin-A deficiency. The control
group consisted of healthy children (n=35) of similar age
and gender to the patient group who were admitted to
the pediatric nephrology outpatient clinic. This study was
approved by the Medical Research Ethics Committee of
Ege University, Medical School (date: 17/12/2020, number:
20-12.1T/36). A written informed consent form was signed
by the patients’ parents or caregivers.
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CD is diagnosed by a detailed clinical story, physical
examination, laboratory tests and upper gastrointestinal
endoscopy and biopsy.

The patients’ age at the time of diagnosis, follow-up
time, complaints, age, gender and family history were
recorded. Their weight, height, body mass index (BMI) and
standard deviation scores (SDS) at the initial and final
visits were also recorded. All patients underwent weight
measurement with a digital scale and height measurement
with a stadiometer. SDS calculated according to Turkish
growth charts were used to evaluate weight, height and BMI
values in different age and gender groups (23).

IgA, tTG IgA, sedimentation rate and C-reactive protein
were assessed after at least eight hours of fasting during
the final visit. Samples were analyzed at a local laboratory.
Tissue transglutaminase IgA antibody levels were measured
by enzyme-linked immunosorbent assay.

Adherence to a GFD was assessed based on tTG IgA
antibody levels. Tissue-transglutaminase IgA levels higher
than 10 U/mL were considered positive and non-compliant
to GFD.

Blood pressure was measured in the resting position
using an Omron automatic blood pressure device and a
suitable sized cuff. Average diastolic and systolic blood
pressure values over 95% according to age, sex, and height
after at least three measurements were considered as HT
(24). Patients with HT underwent a 24-hour ambulatory
blood pressure monitoring by the pediatric nephrology
clinic. Echocardiogram (ECHO) was performed on those
who had not had a cardiac evaluation within the previous
six months.

The patients’ carotid PWV, Alx and cIMT were measured.
Carotid PWV and Alx were calculated using Vicorder
three times (Skidmore Medical Limited, Bristol, UK). Alx
was calculated as the difference between the first and
second systolic peaks of the central aortic waveforms
and defined as the percentage of the wavelength. For
cIMT measurements, a Siemens Acuson Antares device
and VFX-7-13-megahertz linear probe were used. Carotid
intima-media thickness measurements were performed
approximately 1cm proximal from the bifurcation. All these
measurements were performed by an experienced pediatric
nephrologist.

Statistical Analysis

Statistical analysis was performed using basic statistical
methods. The distribution of the data was calculated using
the Kolmogorov-Smirnov normality test. The Independent
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Samples t-test was used to compare numerical data
between groups. Pearson’s test was used to calculate
the correlation between cIMT, carotid PWV and Alx with
laboratory parameters. The significance level was accepted
as p<0.05. The required sample size was calculated with
the G-Power program to determine the difference in the
evaluated parameters of both groups. The sample size was
calculated to be a minimum of 8 people in each group and a
total of 16 people. Data were analyzed using IBM SPSS 22.0
(IBM Corp., Armonk, NY) software package.

Results

Forty-four patients (28 females and 16 males) with CD
having a mean age of 13.16£4.97 years were included in this
study. Thirty-five age-matched (mean 14.00+4.01 years)
subjects were selected as healthy controls. Of the healthy
control group, 18 were female and 17 were male.

When the anthropometric measurements of the
celiac group and the control group were compared, the
values of the control group were found to be significantly
higher than the celiac group (mean weight: 54.80+18.40
kg vs 42.34+£1519 kg, mean height: 156.74£16.52 cm vs
146.04+20.72 cm, respectively).

Thirty-six (81.8%) patients had classical (diarrhea,
abdominal pain, and abdominal distention), five (11.4%) had
atypical (short stature, anemia, and constipation) and three
(6.8%) had silent types of CD, respectively.

Based on tTG IgA antibody results, 22 (50%) patients
were considered to be compliant with the GFD. The
anthropometric measurements of the CD patients are
presented in Table I.

The mean of three blood pressure measurements
indicated stage 2 HT in only one of the CD patients who was
19 years old. Stage 1 HT was detected as a result of twenty-

four hours of ambulatory blood pressure monitoring. There
were no pathological findings of HT in his ECHO evaluation.
The other patients had normal blood pressure and ECHO
results.

There was no significant difference between the
anthropometric measurements, biochemical parameters,
cIMT, Alx and carotid PWV values in the diet-compliant and
non-compliant groups (Table II).

We compared the celiac patients and the healthy group.
While the celiac patients had significantly higher cIMT and
carotid PWV values, there was no difference in the Alx
values (Table IlI).

The celiac patients had no significant relationship
between their tTG IgA antibody and carotid PWV, cIMT
and Alx levels. However, there was a significant negative
relationship between their Alx and height (r=-0.575,
p<0.001), weight (r=-0.609, p<0.001) and BMI (r=-0.459,
p=0.002) and positive relationships between their carotid
PWV and weight (r=0.362, p=0.016) and BMI (r=0.387,
p=0.01) in those children with CD. There was a significant
positive relationship between their cIMT and height SD
values (r=0.558, p=0.001).

Table I. Anthropometric measurements of the CD patients
(n=44) at the time of diagnosis

Minimum | Maximum Mean = SD
Height (cm) 81.0 160.0 126.32+25.28
Height SD -4.12 2.74 -114£1.55
Weight (kg) 1.0 61.0 291541413
Weight SD -3.30 1.50 -11+1.32
BMI (kg/m?) 13.22 2232 16.89+2.48
BMI SD -2.80 1.44 -0.53+1.09

CD: Celiac disease, SD: Standard deviation

Table II. Comparative analysis of the demographic, anthropometric and biochemical data of tTG IgA antibody positive and negative CD

patients

Patients with tTG IgA antibody (+) | Patients with tTG IgA antibody (-)

Mean * SD (n=22) Mean * SD (n=22) p-value
Age (year) 13.50+5.61 13.50+4.38 0.99
Weight (kg) 41.21+16.34 43.47+14.25 0.62
Weight SD -0.47+1.27 -0.53+1.42 0.90
Height (cm) 145.00+23.31 147.09+18.25 0.74
Height SD -0.78+1.38 -0.55+1.53 0.66
BMI (kg/m?) 18.52+3.14 19.42+3.77 0.40
BMI SD -0.14£1.17 -0.36+1.34 0.64

CD: Celiac disease, SD: Standard deviation, tTG IgA: Tissue-transglutaminase antibody immunoglobulin-A antibody
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Table lll. Comparative analysis of the cIMT, Alx, and carotid PWV values of the CD patients and the healthy control group on the final
visit
CD patients Mean * SD (n=44) Mean * SD (n=35) p-value
cIMT 0.51£0.05 0.45+0.08 0.001
Carotid PWV 4.82+0.42 4.59+0.29 0.001
Alx 25.93£15.27 22.54+7.96 0.238
CD: Celiac disease, SD: Standard deviation, cIMT: Carotid artery intimal medial thickness, Alx: Augmentation index, PWV: Pulse wave velocity

Discussion

There is limited data on vascular involvement in
pediatric CD patients. Our study is the first report evaluating
preclinical atherosclerosis in pediatric celiac patients using
carotid PWV, Alx, cIMT measurements; ECHO and blood
pressure values.

Inflammation playsanimportantrolein the pathogenesis
of atherosclerosis. Chronicinflammation may be responsible
for the development of atherosclerosis in pediatric CD.
However, the autoimmune nature of CD has also targeted
other organ systems, including the cardiovascular system.
Some studies in adult CD patients have suggested that CD is
associated with early atherosclerosis (25,26). Ina multicenter
study conducted in 2013, 14% (n=114) of CD patients were
shown to have at least one traditional CVD risk factor and
screening for CVD risk factors in CD was recommended
both at the time of diagnosis and during follow-up (8). A
significant increase in PWV and cIMT was observed in adults
with CD compared to the control group (25-27). All these
findings suggest that preclinical atherosclerosis may be
common in adults with CD. Atherosclerosis is known to
start in childhood; however, symptoms usually appear at
older ages. Studies have demonstrated that an earlier onset
increases the chance of atheromatous plaque formation.
Therefore, the early detection and intervention of the
development of atherosclerosis in childhood are crucial
in terms of decreasing the mortality and morbidity which
can be observed in older ages. In a pediatric population
study, cIMT and PWV values were not different in CD
patients compared with healthy controls (28). In the present
study, we found that cIMT and carotid PWV values were
significantly higher in the CD patients (mean 0.51+0.05 vs.
0.45+0.08, mean 4.82+0.42 vs. 4.59+0.29, respectively). In
our study, another important finding was the insignificant
increase in Alx in CD patients compared to the healthy
controls. Multicenter and larger sample size studies may
be needed to obtain a statistically significant difference
regarding this.

There is a correlation between the presence of
CD-specific antibodies and disease severity. In contrast to
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three other studies, no significant difference was found
between tTG IgA antibody positive and negative subjects in
terms of carotid PWV, Alx and cIMT in this study. It might be
considered that the normal ranges of serologic tests should
be reviewed (25,28,29).

There was a positive relationship between the cIMT and
tTG IgA antibody levels in a study conducted in pediatric age
group CD patients (28). However, in our study, CD patients
had no significant relationship between tTG IgA antibody
and carotid PWYV, cIMT, or Alx levels. Therefore, arterial
thickness and elasticity may be affected by uncontrolled or
undiagnosed CD as well as other unknown factors. There
was a significant negative relationship between Alx and
height (r=-0.575, p<0.001), weight (r=-0.609, p<0.001) and
BMI (r=-0.459, p=0.002). There was a significant positive
relationship between cIMT and height SD values (r=0.558,
p=0.001). There was a significant positive relationship
between carotid PWV with weight and BMI values (r=0.362,
p=0.016, r=0.387, p=0.010, respectively) as was previously
shown in the pediatric CD patients (28).

The blood pressure values of the CD patients, except
for one, were within the normal range. A 19-year-old male
patient with stage 1 HT had diet compliance problems. We
learned that this patient had been smoking a packet of
cigarettes per day for the last three years. Uncontrolled CD
and smoking were the probable cause of HT in this subject.
The development of HT may be related to tTG IgA antibody
positivity and result in inflammatory activity by causing
atherosclerosis.

Study Limitations

Our study had a few limitations such as the small
number in the patient group, the lack of cIMT, Alx and
carotid PWV measurements before starting a GFD and the
lack of CVD risk factors data for both the CD patients and
the healthy controls.

Conclusion

In conclusion, although HT was not detected, arterial
stiffness and cIMT measurements were higher in the CD
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patients compared to the healthy controls. This shows
that such parameters can be used in early vascular
damage assessment. These measurements, which are non-
invasive and repeatable, can be a guide for monitoring the
development of preclinical atherosclerosis in the follow-up
of CD patients.
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ABSTRACT

Aim: The purpose of this study was to assess the prognostic power of preoperative laboratory biomarkers in pediatric age group individuals
diagnosed with appendicitis in the emergency department in distinguishing complicated appendicitis from non-complicated appendicitis and
in predicting postoperative outcomes.

Materials and Methods: The population of this descriptive, cross-sectional, retrospective study consisted of children (younger than 18 years
of age) who applied to our hospital's emergency department between January, 2020 and October, 2021 and underwent surgical intervention
with a diagnosis of acute appendicitis. Preoperative laboratory test results, intraoperative surgical outcomes, lengths of hospital stay and
postoperative complications data were recorded in the patient follow-up forms and analyzed.

Results: The intraoperative and pathological data revealed that 179 (37.8%) and 294 (62.1%) patients had complicated and non-complicated
appendicitis, respectively. An analysis of the complete blood count results indicated that the C-reactive protein (CRP) level, and CRP-to-
albumin ratio (CAR), neutrophil count, leukocyte count, monocyte-to-lymphocyte ratio (MLR), and neutrophil-to-lymphocyte ratio (NLR) were
significantly higher, whereas the sodium and albumin levels were significantly lower in those patients with complicated appendicitis than in
those with non-complicated appendicitis. Among the parameters investigated, the NLR, CAR values, and the presence of hyponatremia were
found to be significantly associated with the length of hospital stay and postoperative complication rates in those patients with complicated
appendicitis.

Conclusion: The findings of our study show that leukocyte counts, neutrophil counts, NLR values, CRP, sodium, and direct bilirubin levels meas-
ured preoperatively in the emergency department can be used to identify pediatric patients with complicated appendicitis. In addition, MLR and
CAR values, as new biomarkers, can provide guidance in emergency interventions and also predict postoperative outcomes.
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Introduction

The incidence of appendicitis is higher in developing
and newly industrialized countries and in the 15-19 years
old age range (1). Acute appendicitis, which is among the
diagnoses to be considered in children admitted to the
emergency department with abdominal pain, is the most
common cause of emergency surgery in the child age group
(2). The higher risk of complications such as gangrenous,
necrotizing, or perforated appendicitis necessitates more
prudence in the pediatric patient group, in patients under
5 years of age in particular (3,4). Both the inability of
the pediatric age group to describe their symptoms well
enough and delays in admission and diagnosis due to
the Coronavirus disease-2019 pandemic have led to an
increase in the risk of perforation in recent years (5). Given
that complicated appendicitis is associated with higher
complication and morbidity rates than uncomplicated
appendicitis, early operative intervention is required in the
treatment of complicated appendicitis, especially in the
presence of a perforation (6,7).

The literature dataindicate that blood tests are routinely
performed in children diagnosed with acute appendicitis,
which include the measurement of markers which can be
potentially used to predict complicated appendicitis. Among
these markers are the leukocyte and neutrophil counts
and the neutrophil-to-lymphocyte ratio (NLR), which are
measured within the scope of the complete blood count,
and C-reactive protein (CRP) levels (8-10). In recent years, it
has been reported that hyponatremia, CRP-to-albumin ratio
(CAR) and monocyte-to-lymphocyte ratio (MLR) can also
be used as markers for complicated appendicitis in children
(11-14). There are numerous studies in the literature on new
biomarkers, yet only a limited number of these studies
address pediatric patients or the relationship between these
biomarkers and postoperative outcomes.

In this context, the aim of this study was to assess
the prognostic power of those parameters measured
preoperatively within the scope of the hemogram and
biochemistry tests in pediatric age group individuals
diagnosed with appendicitis in the emergency department
in distinguishing complicated appendicitis from non-
complicated appendicitis and in predicting postoperative
outcomes.

Material and Methods

This study was designed as a descriptive, cross-sectional,
retrospective study. The study protocol was approved by
University of Health Sciences Turkey, Dr. Behcet Uz Child
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Disease and Surgery Training and Research Hospital, Clinical
Research Ethics Committee (decision no: 621, date: October
10, 2021).

The study population consisted of patients younger
than 18 who applied to the emergency department between
January, 2020 and October, 2021 and who underwent
surgical intervention at the pediatric surgery clinic with a
diagnosis of acute appendicitis based on biochemical tests
and ultrasonographic findings. Between January, 2020 and
October, 2021, 491 of the 1,091 patients admitted to the
pediatric surgery clinic with a diagnosis of acute abdomen
were operated on for acute appendicitis.

Patients who underwent emergency appendectomy
were taken to the ward after staying in the pediatric surgery
intensive care unit for 6-8 hours. Those with metabolic,
endocrine and hematological diseases and those who used
drugs were excluded from this study because these can be a
determinant in biochemical and hematological parameters.
Those patients with metabolic and endocrine diseases,
those categorized as class IV based on the American
Society of Anesthesiologists (ASA) scores and negative
appendectomies (n=30, 6%) were excluded from this study.
A total of 473 patients were included in this study.

The patients were divided into two groups based on their
histopathological data as the complicated (gangrenous,
perforated) and the non-complicated (phlegmonous)
appendicitis groups. The demographic characteristics of the
children such as gender, age, weight, clinical characteristics
such as ASA scores, laboratory test results of venous
blood samples taken during admission to the emergency
department, length of hospital stay, and postoperative
wound infection, abscess development, coagulation
disorders, and transfusion data were obtained from the
files and automation system of the patients and recorded in
their patient follow-up forms.

Statistical Analysis

The descriptive statistics obtained from the research
data were tabulated as mean * standard deviation
values in cases of continuous variables determined to
conform to the normal distribution, as median, maximum
and minimum values in cases of continuous variables
determined not to conform to the normal distribution, and
as numbers and percentage values in cases of categorical
variables. The normal distribution characteristics of the
numerical variables were analyzed with Anderson-Darling,
Kolmogorov-Smirnov and Shapiro-Wilk tests.
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In comparisons of two independent groups, the
independent samples t-test was used in cases of numerical
variables which conformed to the normal distribution, and
the Mann-Whitney U test was used in cases of numerical
variables which did not conform to the normal distribution.
In comparisons of differences between categorical variables
according to groups, Pearson’s chi-squared test, Fisher’s
exact test and Fisher-Freeman-Halton test were used.

Univariate and multiple logistic regression analyses
were used to determine those variables which can predict
complicated appendicitis. Those variables with a p-value of
less than 0.250 were further analyzed with a multivariate
model.

The prognostic powers of the NLR, MLR, and CAR
variables in differentiating complicated acute appendicitis
from non-complicated appendicitis were analyzed using
receiver operating characteristic (ROC) curve analysis.
The optimal cut-off values of the variables which can be
used to predict complicated appendicitis were determined
with Youden’s index using the DelLong method in MedCalc
Statistical Software Trial version software, along with 95%
confidence interval (Cl) and area under the curve (AUC)
values.

All other statistical analyses were performed using the
Jamovi version 2.2.5.0 (The Jamovi Project, 2021) and JASP
version 0.16.1 (JASP Team, 2022) software packages. The
probability (p) statistics of <0.05 were deemed to indicate
statistical significance.

Results

The mean age of the 473 patients who were admitted
to the emergency department and diagnosed with acute
appendicitis and who underwent surgical procedure by the
pediatric surgery clinic, of whom 151 (31.9%) were female,
and 322 (68.1%) were male, was 10.1+3.7 years. The rate of
the patients with a body mass index score of =30 (obese)
was 12.9%. Based on the histopathological data, it was
determined that 179 (37.8%) patients had complicated and
294 (62.1%) had non-complicated appendicitis (Table 1).

There were significant differences between the groups
in terms of the preoperative laboratory test results of
the patients (Table Il). Accordingly, neutrophil counts
(p<0.001), leukocyte counts (p<0.001), NLR (p=0.021),
CRP levels (p<0.001) and CAR values (p<0.001) were
significantly higher, whereas lymphocyte percentage and
hemoglobin and serum sodium and albumin levels were
significantly lower in those patients with complicated
appendicitis compared to those with non-complicated
appendicitis.

The mean length of hospital stay of the pediatric
patients was 3 days (minimum 2 days-maximum 39 days).
The rate of complication development in the postoperative
period was 9.9%. Among patients with complicated and
non-complicated appendicitis, with regards to operation
time, length of hospital stay, wound infection, abscess
development, coagulation disorders, and the need for
transfusion, no significant difference was observed.

Table I. Demographic and clinical characteristics of patients
Groups
Total Complicated Non-complicated p-value
(n=473) appendicitis appendicitis
(n=179) (n=294)

Age (years) 10.1£3.7 9.3+3.8 10.5%3.6 <0.001%
Gender
Male 322 (68.1%) 19 (66.5%) 203 (69.0%) 0.632*
Female 151(31.9%) 60 (33.5%) 91(31.0%)
Weight (kg) 39.8+17.2 36.0%16.1 42.2+17.4 <0.001%
Obesity 61(12.9%) 20 (11.2%) 41 (13.9%) 0.465*
ASA score
| 362 (76.5%) 142 (79.3%) 220 (74.8%) 0.172*
Il 100 (21.1%) 31(17.3%) 69 (23.5%)
Il 11(2.3%) 6 (3.4%) 5 (1.7%)
Descriptive statistical values are mean + SD or number of cases (%).
*: Pearson chi-squared, Fisher’s Exact or Fisher-Freeman-Halton test, T: Independent Samples t-test
ASA: American Society of Anesthesiologists
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Table II. Comparison laboratory parameters according to groups

Groups
Complicated appendicitis | Non-complicated appendicitis | P-value
(n=179) (n=294)

WBC count (X10°/L) 17,633.0+5,569.2 15,374.7+4,948.0 <0.001*
Neutrophil count (X10°/L) 14.3+£5.2 12.4+4.9 <0.001%
Neutrophils % 81.9 [29.4-92.6] 81.3[30.7-94.2] 0.663*
Lymphocyte count 1.7 [0.5-5.2] 1.7 [0.4-5.3] 0.555*
Lymphocyte % 9.8 [2.9-44.5] 11.2[2.7-57.5] 0.008*
Neutrophil/Lymphocyte ratio 8.2[1.1-30.4] 7.3[0.5-35.0] 0.021*
Monocyte/Lymphocyte ratio 0.1[0.0-1.0] 0.1[0.0-1.0] <0.001*
Hemoglobin (g/dL) 12.841.1 131413 0.021%
Hematocrit (%) 37.8+2.9 38.3+3.4 0.070%
Platelet count (X10°/L) 314.0+81.8 306.1+76.2 0.298%
PDW (fL) 10.2 [7.6-68.3] 10.5 [7.5-66.8] 0.149*
MPV (fL) 9.4[71-12.9] 9.5[6.8-13.1] 0.869*
MPV/Platelet ratio 0.0[0.0-0.1] 0.0[0.0-0.1] 0.352*
Procalcitonin 0.3[0.1-0.6] 0.3[0.1-0.5] 0.520*
Glucose (mg/dL) 105.0 [55.0-264.0] 105.0 [44.0-162.0] 0.582*
Sodium (mEq/L) 136.0 [126.0-143.0] 138.0 [129.0-144.0] <0.001*
Potassium (mEq/L) 41[3.1-5.4] 4.2[3.4-5.5] 0.056*
Chloride (mEq/L) 102.0 [86.0-110.0] 104.0 [94.0-111.0] <0.001*
Calcium (mEq/L) 9.4 [8.0-10.4] 9.4 [7.7-10.7] 0.462*
Protein (mg/dL) 71[4.9-8.2] 7.2[5.6-8.6] 0.016*
Albumin (mg/dL) 43[2.7-5.2] 4.6 [3.0-5.4] <0.001*
BUN (mg/dL) 9.7 [3.3-45.3] 10.0 [2.5-35.0] 0.508*
Creatinine (mg/dL) 0.6 [0.4-11] 0.6 [0.5-1.0] 0.104*
Alanine aminotransferase (IU/L) 12.0 [5.0-60.0] 14.0 [5.0-381.0] 0.001*
Aspartate aminotransferase (1U/L) 19.0 [8.0-58.0] 20.0 [7.0-210.0] 0.061*
Total bilirubin (mg/dL) 0.7 [0.2-3.5] 0.6 [0.1-3.3] 0.003*
Direct bilirubin (mg/dL) 0.3[0.1-2.1] 0.3[0.1-1.3] <0.001*
CRP (mg/dL) 7.9[0.2-32.4] 14[0.1-33.0] <0.001*
CRP/Albumin ratio 1.8 [0.0-12.0] 0.3[0.0-7.7] <0.001*
Prothrombin time (min) 14.4 [11.1-23.4] 14.0 [11.3-26.5] 0.065*
INR 1.3[1.0-2.0] 1.2[1.0-2.3] 0.072*
Activated partial thromboplastin time (min) 30.3£3.6 304434 0.709%

Descriptive statistical values are mean + SD or number of cases (%). Number values in square brackets are minimum and maximum values.

*: Mann-Whitney U test.

: Pearson Chi-Squared, Fisher’s Exact or Fisher-Freeman-Halton test.

: Independent Samples t-test.

WBC: White blood cell count, PDW: Platelet distribution width, MPV: Mean platelet volume, BUN: Blood urea nitrogen, CRP: C-reactive protein,
INR: International Normalized Ratio, SD: Standard deviation
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The results of the univariate logistic regression analysis
indicated that age, leukocyte and neutrophil counts, MLR
and CAR values, sodium, direct bilirubin, hemoglobin, and
CRP levels were significantly correlated with complicated
appendicitis (p<0.05). Further analysis of these variables
with multivariate logistic regression analysis revealed
that leukocyte count [odds ratio (OR): 1.01, 95% ClI: 1.01-
1.02, p=0.005], CAR value (OR: 0.64, 95% Cl: 0.54-0.77,
p<0.001), and sodium levels (OR: 1.22, 95% Cl: 1.11-1.35,
p<0.001) were independent risk factors for complicated
appendicitis (Table Il1).

The diagnostic value of these variables in predicting
complicated appendicitis was analyzed using ROC

analysis. Accordingly, it was determined that NLR values
of >6.52, MLR values of >0.09, and CAR values of >1.12
predicted the presence of complicated acute appendicitis
(Table IV). Among these variables, CAR values of >1.12 had
the highest AUC value and predicted complicated acute
appendicitis with a specificity of 79.25% and a sensitivity
of 66.48% (AUC=0.789, 95% Cl: 0.749-0.825, p<0.001)
(Figure 1). In addition to NLR values of >6.52, and CAR
values of >1.12, serum sodium levels of <135 were found to
be significantly associated with increased postoperative
complication rates and prolonged lengths of hospital stay
(Table V).

Table Ill. Regression analysis for variables of clinical and statistical significance for the prediction of complicated appendicitis

Univariate logistic regression Mutltivariate logistic regression
OR [95% ClI] p-value OR [95% CI] p-value
Age 1.0 [1.04-1.16] <0.001 1.05 [0.98-1.13] 0.148
Hemoglobin 119 [1.02-1.39] 0.028 1.01[0.81-1.25] 0.961
WBC count 1.01[1-01-1-02] <0.001 1.01[1-01-1-02] 0.005
Neutrophil count 0.93[0.89-0.96] <0.001 - -
NLR 0.98 [0.95-1.01] 021 1.03[0.98-1.09] 0.225
MLR 0.03[0-01-0.16] <0.001 0.39 [0.01-10.69] 0.578
Sodium 1.39 [1.28-1.51] <0.001 1.22 [1.1-1.35] <0.001
Direct bilirubin 0.11[0.03-0.37] <0.001 0.26 [0.05-1.25] 0.092
CRP 0.85[0.82-0.88] <0.001 - -
CRP/Albumin 0.51[0.43-0.60] <0.001 0.64 [0.54-0.77] <0.001

OR: Odds ratio, Cl: Confidence interval, CRP: C-reactive protein, WBC: White blood cell count, NLR: Neutrophil-to-lymphocyte ratio, MLR: Monocyte-to-lymphocyte

ratio

Table IV. ROC curve analysis results of some parameters for the prediction of complicated appendicitis

AUC Sensitivity Specificity Cut-off values 95% Cl p-value
NLR 0.563 66.48 45.92 >6.52 0.517-0.608 0.018
MLR 0.659 67.04 58.84 >0.09 0.615-0.702 <0.001
CRP/Albumin ratio 0.789 66.48 79.25 >1.12 0.749-0.825 <0.001

Area under the ROC curve, Cl: Confidence interval, ROC: Receiver operating characteristic,

Monocyte-to-lymphocyte ratio, CRP: C-reactive protein

AUC: Area under the curve, NLR: Neutrophil-to-lymphocyte ratio, MLR:
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Figure 1. ROC curve analysis of NLR, MLR and CRP/Albumin ratio in the
prediction of complicated acute appendicitis

ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte
ratio, MLR: Monocyte-to-lymphocyte ratio, CRP: C-reactive protein

Table V. Relationship of ROC curve results with postoperative

outcomes in the prediction of complicated acute appendicitis
NLR value CRP/Albumin value
>6.52 P ratio >1.12 P

ICU stay 1244117 | <0.013 | 1.29+0.95 <0.014

(days)

Hospitalstay | ; 19,4 ¢) | <0.01 | 6344475 <0.01

(days)

Complication | , 0.005 | 19.44 <0.01

rate (%)

ROC: Receiver operating characteristic, NLR: Neutrophil-to-lymphocyte ratio,

CRP: C-reactive protein, ICU: Intensive care unit

Discussion

Among the variables investigated within the scope of
this study, age, leukocyte counts and neutrophil counts
were previously suggested as predictors for complicated
appendicitis in pediatric patients (3,4). However, the findings
of this descriptive, cross-sectional study indicated that
complicated appendicitis was more common in younger
age groups and that the rate of complicated appendicitis
was significantly higher among acute appendicitis patients
with higher leukocyte and neutrophil counts, NLR, CRP, CAR
values, and lower sodium levels. Therefore, in addition to
the commonly proposed predictors of age, leukocyte counts
and neutrophil counts, the aforementioned parameters
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were determined as additional potential biomarkers of
complicated appendicitis in the pediatric age group.

MLR, which has recently been started to be used in
children, is an inflammatory marker associated with
gastrointestinal and lymphoid pathologies. Hence, it has
been suggested that the appendix, a lymphoid tissue
located in the gastrointestinal tract, may be associated
with MLR (15,16). As a matter of fact, there is evidence
suggesting that MLR can be used in the diagnosis of
pediatric acute appendicitis (17). Accordingly, it has been
reported that MLR may be an independent predictor for
complicated appendicitis. In parallel, given that increased
monocyte expression is distinctive for complicated
appendicitis, high MLR values have been indicated as a risk
factor for complicated appendicitis (13).

CRP is an acute phase reactant mainly synthesized in
liver hepatocytes. It is elevated in areas of infection or
inflammation, and it plays an essential role in inflammation
processes (18). CRP increase is associated with appendicitis
complications such as perforation or appendix abscesses
(19). CAR is a new prognostic parameter associated with
the severity of inflammation. In this context, it was reported
that CAR >1.39 might predict complicated appendicitis (20).

Stimuli such as hypovolemia, pain, nausea, vomiting
and sequestration into the third space cause the release
of non-osmotic vasopressin (ADH) from the posterior
pituitary gland. Reabsorption of water by ADH binding
to vasopressin-2 receptors in the kidney results in
hyponatremia (21,22). In addition, cytokines such as IL-6
and IL-1B are associated with inflammatory conditions by
taking a role in non-osmotic ADH secretion have been
found to cause hyponatremia (21). Hyponatremia, which
was determined to be significantly related to the level of
inflammation in children, was also found to be associated
with intra-abdominal sepsis, perforated appendicitis and
perforated diverticulitis (23). Although the etiology of
hyponatremia in appendicitis is still not clearly defined,
it is thought that the processes mentioned above may be
effective (24).

There are also studies which provided evidence on
the use of hyponatremia as a predictor for complicated
appendicitis. In a few of these studies, Pham et al. (4),
Lindestametal. (11),and Beslietal. (25) reported that sodium
values of <135 mmol/L, <136 mmol/L, and <138 mmol/L,
respectively, might predict complicated appendicitis. In
a retrospective study including 1,283 pediatric patients,
Walsh et al. (26) reported that serum sodium values of
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<135 mmol/L predicted complicated appendicitis with a
specificity of 95.7% and thus concluded that hyponatremia
may be a distinctive indicator of complicated appendicitis.
All these studies reveal the strong relationship between
hyponatremia and complicated appendicitis in children.
Similarly, serum sodium levels of <135 mmol/L significantly
predicted complicated appendicitis in this study.

The relationship between complicated appendicitis
and bilirubin levels is not as clear as with leukocytosis,
CRP, and hyponatremia. Some studies reported that
increased total serum bilirubin levels could be used as an
indicator of perforated appendicitis in children, whereas
others, e.g., Yang et al. (12), could not detect a significant
relationship between perforated appendicitis and bilirubin
levels (27). In fact, Bonadio et al. (28) stated that serum
total bilirubin levels could not correctly distinguish those
children with perforated appendicitis from those diagnosed
with appendicitis. In contrast, our results of univariate
logistic regression analysis reveal a significant correlation
between direct bilirubin levels and the risk for complicated
appendicitis.

Studies have shown that preoperative laboratory test
results can be used to predict postoperative outcomes.
With respect to this, it was reported that preoperative CRP
values of >10 mg/dL predicted prolonged postoperative
lengths of hospital stay, and preoperative NLR >10.5 and
hyponatremia predicted the development of a postoperative
intra-abdominal abscess in pediatric patients operated on
for acute appendicitis (29-34). In addition, preoperative
leukocyte counts and CRP levels have been reported as
risk factors for postoperative adhesive bowel obstruction
in children operated on for complicated appendicitis (35).
It has also been reported that mean platelet volume and
NLR can be used as biomarkers in order to reduce negative
appendectomy rates (8). Furthermore, in an analysis of
35,291 pediatric patients who underwent appendectomy,
hyponatremia was found to be significantly correlated with
prolonged lengths of hospital stay and 30-day postoperative
mortality risks (36). Additionally, NLR >6.52, CAR >1.12, and
serum sodium levels of <135 mmol/L were found to be
significantly correlated with prolonged lengths of hospital
stay and postoperative complication rates in this study.

Ischemia-modified albumin (IMA), a marker used for
the early detection of ischemia, has also been used in the
diagnosis of pediatric appendicitis in recent studies. It was
observed that the level of IMA, a protein, was higher in the
complicated appendicitis group than in the control group
(37,38). Pentraxin 3 (PTX3), which is an acute phase reactant,

is another marker which can be used in the diagnosis of
pediatric appendicitis. CRP blood values rise within 48 hours
of the onset of inflammation, while PTX3 blood values rise
within hours. Therefore, it is thought that PTX3 seems to be
a more valuable marker (38). However, studies on IMA and
PTX3 are few in the pediatric age group, and more studies
are needed before they can be used as biomarkers.

Complicated appendicitis is reportedly more common
in children and it is associated with higher morbidity and
reoperation rates and longer lengths of hospital stay
(3,4,6). The benefits of early appendectomy in pediatric
perforated appendicitis cases include reduced morbidity
and complication rates, shortened recovery times,
reduced parental stress, and lower hospital costs (39).
In a multicenter study conducted with pediatric non-
perforated appendicitis cases, it was determined that each
additional hour spent in an emergency department triage
until appendectomy increased the perforation risk by 2%.
Furthermore, it was stated that a delay of 12 hours would
increase the perforation risk by approximately 25% (40).
For this reason, it is vital to identify those children at risk
of complicated appendicitis as early as possible, to make
timely decisions about further examination and treatment,
to improve perioperative care, and to take precautions by
predicting any complications which may develop. In this
way, the length of hospital stay can be shortened, and
the related hospital costs can be reduced. In this respect,
it is crucial to determine the biomarkers included in the
laboratory tests which are the most easily accessible and
the simple diagnostic tools used in the emergency room,
the place where the patient is first intervened (9).

Study Limitations

Our study is a single-center study conducted only with
pediatric patients. Its retrospective design and the number of
patients are the limitations of this study. Another limitation
of our study was the inability to exclude the presence of an
undiagnosed inflammatory disease in the patients.

Conclusion

It is important to distinguish between complicated and
non-complicated appendicitis early in children diagnosed
with appendicitis in order to conduct further examinations
and plan early treatment. Hence, there is a need for suitable
biomarkers which can be measured simply and inexpensively
within the scope of routine laboratory tests. Increased
diagnostic efficiency in emergency departments will have
positive effects on hospital costs as well. In addition to
preoperatively measured neutrophil counts, leukocyte
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counts, MLR, CAR values, CRP, sodium, and direct bilirubin
levels may also be used as new biomarkers in predicting
the risks of complicated appendicitis. Preoperative NLR,
MLR, and CAR values may also provide information on
postoperative outcomes.
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ABSTRACT

Aim: Urea cycle disorders (UCD) still have poor neurological outcomes despite early diagnosis and treatment. We aimed to present the
neurological outcomes of UCD patients and to determine the main simple and accessible factors affecting these outcomes.

Materials and Methods: This was a descriptive cross-sectional study conducted in two pediatric metabolism centers on 29 patients from
25 unrelated families who were diagnosed and followed with UCD based on clinical presentation, neurological parameters, biochemical
measurements, and molecular analysis.

Results: Within the study population, the most common diagnosis was argininosuccinate synthase deficiency in 13 (44.82%) patients, followed
by N-acetylglutamate synthase deficiency in five patients (17.24%), ornithine transcarbamylase deficiency in four patients (13.79%), arginase 1
deficiency in three patients (10.34%), carbamoyl phosphate synthase 1deficiency in three patients (10.34%), and argininosuccinate lyase deficiency
in one patient (3.44%). Peak ammonia levels were observed to be significantly higher in those patients with delayed milestones and patients who
had Denver I <-2 standard deviation score results (p=0.032, p=0.026). Effect sizes were large in both groups. Delayed milestones were noted in 17
(94.4%) of the cases with peak ammonia >500 pmol/L (n=18). Those patients with abnormal neurological parameters had a significantly higher
mean number of hyperammonemic episodes per year. Extracorporeal detoxification was given to eight patients, in combination with therapeutic
hypothermia in two patients. Rapid regression was observed in brain edema in those who underwent therapeutic hypothermia.

Conclusion: Our study emphasizes the effect of peak ammonia levels and the frequency of hyperammonemic episodes on neurological
outcomes. There were still poor neurocognitive outcomes despite extracorporeal detoxification. This highlights the need to reassess current
treatment strategies, including the threshold for starting extracorporeal detoxification if ammonia levels exceed 500 umol/L. The use of
therapeutic hypothermia by experienced teams may be promising due to its brain edema-reducing effects.

Keywords: Urea cycle disorders, Hyperammonemia, Citrullinemia, Inborn errors of metabolism, therapeutic hypothermia
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Introduction

The urea cycle is the primary metabolic pathway for
nitrogen disposal from the liver. Six enzymes [carbamoyl
phosphate synthase 1 (CPS-1, EC 6.3.4.16), ornithine
transcarbamylase (OTC, EC 2.1.3.3), argininosuccinate
synthase (ASS, EC 6.3.4.5), argininosuccinate lyase (ASL,
EC 4.3.2.1), arginase 1 (ARG]1, EC 3.5.3.1), N-acetylglutamate
synthase (NAGS, EC 2.3.11)] and two mitochondrial
transporters (aspartate-glutamate carrier and ornithine-
citrulline carrier) are coordinated in this pathway (1). OTC,
CPS1 and NAGS are mitochondrial enzymes, ASS, ASL, and
ARG1 are cytosolic enzymes. Urea cycle disorders (UCD)
are inborn metabolism errors and estimated incidence
ranges from 1/8,000 to 1/35,000 births (2). UCDs have
a highly variably phenotypic spectrum ranging from
hyperammonemic encephalopathy, acute liver failure, and
spastic paraplegia to asymptomatic. The patients have
an increased risk of poor neurological outcome (3). They
are often affected by morbidity due to neurocognitive
deterioration. Hyperammonemia and its effects on
neurological outcome is a common clinical presentation.
Disease severity variables such as the age of disease onset,
the age of the first hyperammonemic episode (HE), the
number of HEs per year, the peak ammonia level, and the
plasma amino acid levels affect neurological outcomes
(4). However, it is unclear whether the consequences of
hyperammonemia alone or brain metabolic changes such
as synaptic transmission and glutamine toxicity contribute.
Although Zielonka et al. (5) showed a relationship between
enzyme activity and neurological outcome in ASSD patients,
the correlation of phenotypic severity with genotype or in
vitro enzyme activity is unclear. In addition, enzyme analysis
is not useful in daily practice.

Diagnosis is made by selective metabolic investigation
in symptomatic patients, family screening of the index
patient, newborn screening, and prenatal testing. The
sensitivity of newborn screening in UCD is already low and it
is not performed in our country. Guidelines for the diagnosis
and management of UCDs have been proposed for the use
of single therapeutic tools as well as their combinations
(6). UCD guideline recommendations are currently used
in our country. However, the UCD guideline is still lacking
regarding the impact of adherence to these guidelines
on neurological outcomes. Despite the development of
extracorporeal detoxification treatments, diet therapy
and new ammonia-scavengers, mortality and morbidity in
early-onset patients are still poor. In the future, a better
understanding of predictive markers is needed in order to

provide more information on phenotypes in neurotoxic
metabolites-related diseases.

To the best of our knowledge, thereis no single, definitive
way to predict the neurodevelopmental status of a patient
with UCD. Increasing clinical awareness and neonatal
screening programs and the development of new diagnostic
and therapeutic proposals are expected to provide better
outcomes. Based on our clinical experiences, we aimed to
present the neurological outcomes of UCD patients from
two metabolic centers and to determine key simple and
accessible factors affecting neurological outcomes. We
believe that simple predictive factors will help clinicians in
practice.

Materials and Methods

Study Design and Data Acquisition

Individuals were included based on a retrospective
collection of the data of the ASS deficiency (ASSD),
NAGS deficiency (NAGSD), OTC deficiency (OTCD), ARG-1
deficiency (ARGD), CPS-1 deficiency (CPS1D) and ASL
deficiency (ASLD) patients who had been diagnosed in two
metabolism centers in Turkey. The inclusion criteria were
rare biallelic variantsin ASST, NAGS, OTC, ARG1, CPSTand ASL
genes classified as likely pathogenic or pathogenic according
to the American College of Medical Genetics and Genomics
(ACMQ)/Association for Molecular Pathology guidelines. All
data were retrieved via standardized proformas agreed on
by the participating centers.

The follow-up period was every month until 12 months,
every 2 months until 6 years of age, and every 3 months
thereafter. The clinical variabilities were categorized
accordingto disease onset as early-onset (EO <28 days), late-
onset (LO >28 days) and asymptomatic. For phenotyping,
the following variables were analyzed within this study:
the individual's genetic ancestry, sex, age at last visit, and
clinical status. Data on the following clinical and laboratory
characteristics were collected: peak ammonia (first clinical
presentation), plasma amino acids, the number of HEs per
year, the duration of the HEs, extracorporeal detoxification,
kidney dysfunction, and hepatocellular dysfunction. We
evaluated the neurological status under the headings
of delayed milestones, fine and gross motor skills, tone
abnormalities, bedridden status, and the Denver Il and
Wechsler Intelligence Scale for Children-Revised (WISC-R).
Denver Il was applied to evaluate children aged 0-6 years in
terms of development. Patients with a Denver Il test result
of <-2SDS were considered abnormal, and those with >-2
standard deviation score (SDS) were considered to be within
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normal neurological parameters. The validity and reliability
of the test was performed by Eratay et al. (7) in Turkey.
Patients between 6 and 16 years of age were evaluated
using the WISC-R. This test includes verbal and performance
subscales. WISC-R was adapted into Turkish, and it has
been used widely for years (8). In addition, detailed data
on neurological disease, laboratory values, and the clinical
features involved were evaluated and recorded according to
Human Phenotype Ontology terminology. An asymptomatic
female OTCD carrier was also included in this study.

Therapy monitoring was undertaken during follow-up
visits which included the evaluation of clinical parameters,
laboratory parameters, and dietary consumption records.
The “last three-days dietary consumption” records were
requested from the patients/parents. Protein, amino acids,
energy, and medication intakes were calculated.

Molecular Analyses

All exons and exon-intron junctions of the genes
were evaluated by next-generation sequencing methods.
Genomic DNA was extracted from peripheral blood samples
using a QlAamp DNA Mini Kit (Qiagen, Hilden, Germany)
according to the manufacturer’s protocol. Standardized PCR
pools were prepared using a NexteraXT sample preparation
kit for next-generation sequencing analysis with the Miseq
device (Illumina, Inc.).

Sanger sequencing of the genomic variants identified
by exome sequencing or targeted gene sequencing was
performed for all patients and their families. Sanger
sequencing was used to validate the pathogenic variants
within families on the 3500 Genetic Analyzer (Applied
Biosystems, Foster City, USA). The sequencing results were
analyzed using CLC genomic workbench software. For the
clinical interpretation of variants, allele frequency data
were obtained from various databases, including gnomAD
(http://gnomad.broadinstitute.org/) and ExAc (http://exac.
broadinstitute.org/). The pathogenicity of variants was
assessed using in silico prediction tools, such as PolyPhen-2
(http://genetics.bwh. harvard.edu/pph2), SIFT (http://sift.
jevi.org), MutationTaster (http://www. mutationtaster.org)
and the Human Splicing Foundation (http://www.umd.
be/hsf/). Variants were classified according to ACMG. All
pathogenic variants are described according to the accepted
HGVS nomenclature. Nucleotide numbers were derived
from complementary DNA sequences.

Statistical Analysis

Statistical analyses of the data were performed using
the SPSS software package for Windows software package

184

(ver.18.0; SPSS Inc., Chicago, IL, USA). As descriptive
statistics, numbers, and percentages for categorical
variables, mean=SD or median ([minimum (min.)-maximum
(max.)] were used for numerical variables. The distribution
of data was evaluated using the Shapiro-Wilk test. For
numerical comparisons, the Student's t-test or Mann-
Whitney U test were used to assess differences between
two groups according to the normal distribution of the
measured parameters. A significance level of p<0.05 was
set to indicate statistical significance. The effect size [Cohen
d (0.20=d<0.50: small effect, 0.50=d<0.80: medium effect,
d=0.80: large effect and Rank-Biserial correlation coefficient
(>0.50: large effect)] was calculated for statistically
significant results.

This study was performed in accordance with the
declaration of Helsinki and was approved by the Clinical
Research Ethics Committee of the University of Health
Sciences Turkey, Diyarbakir Gaziyasargil Training and
Research Hospital (approval no: 928, date: 05.11.2021).

Results

Demographic and Clinical Findings

A total of 29 UCD patients (17/12, M/F) from 25 different
families from two metabolic centers in the southeastern
region of Turkey were included in this study. 86.2% of the
individuals in our cohort were born to consanguineous
parents. Twenty-six (89.65%) patients were diagnosed by
selective metabolic investigation after the onset of their
symptoms, whereas three (10.34%) were diagnosed by
family screening. Within the study population, the most
common diagnosis was ASSD in 13 (44.82%) patients,
followed by NAGSD in five patients (17.24%), OTCD in four
patients (13.79%), ARGID in three patients (10.34%), CPS1D
in three patients (10.34%), and ASLD in one patient (3.44%).

Sixteen (55.17%) patients were EO, 12 (41.37%) patients
were LO and one (3.44%) patient was asymptomatic (Female
OTC). The mean age at initial symptom was 9.8+9.68 days
(median: 4, min.: 1, max.: 28) in the EO group, 21.27+27.07
months (median: 8, min.: 0.3, max.: 85) in the LO group.
The mean age at diagnosis was 11.6+11.72 days (median: 4,
min.: 2, max.: 38) in EO patients, and 64.97+65.21 months
(median: 38.75, min.: 3, max.: 219) in the LO group. The mean
age of the patients at last visit was 6.64+8.2 years (median:
4, min.: 0.3, max.: 43 years). The patients’ detailed clinical
and molecular characteristics are shown in Table I.

The most common initial symptoms were

encephalopathy, tachypnea, and seizures in the EO
group and delayed milestones, feeding difficulties, and
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Table I. Continued
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gait abnormalities in the LO group. In ASSID, the most
common clinical presentation was hyperammonemic
encephalopathy in eight patients with EO and delayed
milestones in five patients with LO. All NAGSD patients
presented with encephalopathy in the neonatal period. All
OTCD patients, except the asymptomatic female OTCD
patient, presented with varying degrees of intellectual
disability (ID). Two ARGID patients presented with gait
abnormalities; one patient presented with autism spectrum
disorder, and gait abnormalities developed in the follow-up.
Three CPS1D patients, one of whom was LO (P28), presented
with encephalopathy and died during a HE due to ventricular
arrhythmia. When the neurological parameters of the
patients were evaluated according to their disease onset
(EO vs. Late-onset), no significant correlation was found. No
significant difference was found between the neurocognitive
outcomes of cytosolic UCDs and mitochondrial UCDs. There
was no significant difference between the peak ammonia
levels and the mean number of HEs per year between these
two groups.

Laboratory Findings

The mean peak ammonia level of the EO patients was
1,217.194595.94 umol/L (range: 378-2,300), and for the
LO patients, it was 419.77+257.19 umol/L (range: 80-875).
Peak ammonia levels were significantly higher in the EO
patients (p<0.001). According to the disease groups, the
highest peak ammonia levels were seen in NAGSD, CPS1D
and ASS1D patients, respectively. There was no significant
difference between the mean peak ammonia levels of the
cytosolic and mitochondrial UCD group (p=0.89). Peak
ammonia levels were observed to be significantly higher in
those patients with delayed milestones and those patients
who had Denver Il <-2SDS results (p=0.032, p=0.026). Effect
sizes were large in both groups [Cohen d: -1.04 (confidence
interval (Cl): -2.10 - 0.09), -1.03 (Cl: -2.05 - 0.05); respectively
(CI1=95% percentile Cl)]. Delayed milestones were noted in 17
(94.4%) of those cases with peak ammonia >500 pmol/L
(n=18). The comparison of neurological status parameters
with clinical and laboratory features is presented in Table Il.

Seventy-one HEs were recorded. The mean age at the
time of HE was 10.4£7.8 months (two days-16 years).
The mean HE per year was significantly higher in those
cases with abnormal neurological parameters (p=0.019).
Patients with delayed milestones, abnormal gross motor
skills, tone abnormalities, and bedridden status had a
significantly higher mean number of HEs per year. Also, the
effect sizes were large for the abnormal gross motor skills,
tone abnormalities and bedridden groups (Rank biserial
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correlation coefficients: 0.58, 0.57 and 0.97, respectively).
There were abnormal gross motor skills in 11 (84.61%)
patients with mean number of HEs per year >1and bedridden
status in 4 (57.14%) patients with a mean number of HEs per
year >2.

The mean peak plasma glutamine level was 1,293+492.4
pmol/L (N: 123-809, range: 280-2,045). There was no
significant relationship between plasma glutamine
levels and neurological parameters, peak ammonia, the
mean number of HEs per year, or continuous venovenous
hemodiafiltration (CVVHDF). The mean initial plasma
citrulline level was 875.24799.6 umol/L (N: 9-52, range:
224-2,700) in ASSD patients. Peak citrulline levels were

significantly higher in ASSD patients who had abnormal
neurological parameters (p<0.031). Although we could
not find a significant relationship between the citrulline
subgroups and delayed milestones in ASSD patients,
delayed milestones occurred in all subjects with a citrulline
levels over 500 pumol/L. Abnormal fine and gross motor
skills and tone abnormalities were observed in all cases with
a citrulline level over 1.000 pmol/L.

Treatment

In the emergency management, according to the
diagnosis groups and ammonia levels, protein intake was
stopped, and an appropriate dose of intravenous (IV)
glucose support to prevent catabolism, IV sodium benzoate,

Table Il. Comparison of neurological status parameters with disease characteristics

Delayed Milestones Fine Motor Skills Gross Motor Skills Tone Abnormalities
Normal Abnormal | Normal Abnormal
No (n=6) Yes (n=23) (n=7) (n=22) (n=16) (n=13) No (n=15) Yes (n=14)

Disease Early Onset 3(50%) 13 (56.5%) 3 (42.9%) 10 (45.5%) | 9 (56.3%) 7 (53.8) 7 (46.7%) 6 (42.9%)
Onset Late Onset 3 (50%) 10 (43.5%) 4 (57.1%) 12 (54.5%) | 7 (43.8%) 6 (46.2) 8 (53.3%) 8 (57.1%)

(Cnyf$;;’l'c UCDs | 3 (509) 14 (60.9%) 4 (57.1%) 13(59.1%) | 9 (56.3%) 8 (61.5) 6 (40%) 6 (42.9%)
Di -
Group : ;

Mitochondrial | 5 (5gq) 9 (39.1%) 3(42.9%) 9 (40.9%) | 7 (43.8%) 5(38.5) 9 (60%) 8 (57.1%)

UCDs (n=12)
Peak Ammonia (umol/L) 384.67+318.53 | 983.65+620.38* | 517.86+374.05 | 968.5+646 | 718+423.39 1034.15+778.67 | 707.87+436.24 | 1022.43+749.41

50-200 2(33.3%) 2(8.7%) 1(14.3%) 3(13.6%) | 2(12.5%) 2 (15.4) 2 (13.3%) 2 (14.3%)
Peak
Ammonia | 201-500 3(50%) 4 (17.4%) 4 (571%) 3(13.6%) | 4(25%) 3(23.1%) 4(26.7%) 3(21.4%)
'(-e"elin_) 501-1000 1(16.7%) 9 (39.1%)* 1(14.3%) 9(40.9%) | 8 (50%) 2 (15.4%) 7 (46.7%) 3(21.4%)
pmo

>1001 0 8 (34.8%)* 1(14.3%) 7(31.8%) | 2(12.5%) 6 (46.2%) 2 (13.3%) 6 (42.9%)
;"ezar“ Number of HEs per 0.52+0.52 145411 * 0.34+018 15541.08 | 0.75:0.58 1.9141.23* 0.7340.6 1.84+1.21%

809-1000 2(33.3%) 10 (43.5%) 2(28.6%) 10 (45.5) 6 (37.5%) 6 (46.2%) 5(33.3%) 7 (50%)
Elevated
Glutamine | 1001-2000 3(50%) 13 (56.5%) 4 (571%) 12 (54.5) 9 (56.3%) 7 (53.8%) 9 (60%) 7 (50%)
(umol/L)

>2000 1(16.7%) 0 1(14.3%) 0 1(6.3%) 0 1(6.7%) 0

52-500 3(100%) 5 (45.5%) 3(75%) 5 (50%) 7 (77.8%) 1(20%) 7 (77.8%) 1(20%)
Elevated 500-1000 0 2(18.2%) 1(25%) 1(10%) 2(22.2%) 0 (0%) 2(22.2%) 0
Citrulline
(umol/L) 1001-2000 0 3(27.3%) 0 (0%) 3 (30%) 0 3(60%)* 0 3(60%)*

>2001 0 1(9.1%) 0 (0%) 1(10%) 0 1(20%)* 0 1(20%)*

No 5 (83.3%) 16 (69.9%) 7 (100%) 14 (63.6%) | 13 (81.3%) 8 (61.5%) 12 (80%) 9 (64.3%)
CVVHDF

Yes 1(16.7%) 7 (30.4%) 0 8(36.4%) | 3(18.8%) 5 (38.5%) 3(20%) 5 (35.7%)
Length 0-12 hours 1(100%) 2(28.6%) 2 (100%) 1(20%) 2 (66.7%) 1(20%) 2 (66.7%) 1(20%)

en

of Stay 12-24 hours 0 3 (42.9%) 0 2 (40%) 1(33.3%) 2 (40%) 1(33.3%) 2 (40%)
CVVHDF

>24 hours 0 2(28.6%) 0 2 (40%) 0 2 (40%) 0 2 (40%)

. Protein 3(60%) 5 (21.7%) 2(33.3%) 6(27.3%) | 5(33.3%) 3(23.1%) 4(28.6%) 4 (28.6%)
Diet controlled diet : : : : : : :
Therapy

Calculated diet | 2 (40%) 18 (78.3%) 4(66.7%) 16 (72.7%) | 10 (66.7%) 10 (76.9%) 10 (71.4%) 10 (71.4%)
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Table Il. Continued

Bedridden Denver Il WISC-R
> -
No (n=21) | Yes (n=7) (n=28§DS < -2SDS (n=11) | Normal (n=8) ﬁit):r-\l:)rmal

Early Onset 11 (52.4%) 5 (71.4%) 5 (62.5%) 8 (72.7%) 5 (62.5%) 8 (72.7%)
Disease Onset

Late Onset 10 (47.6%) | 2 (28.6%) 3(37.5%) 3(27.3%) 3(37.5%) 3(27.3%)

Cyf?;o“c UCDs 115 (57.19%) 5 (71.4%) 3(37.5%) 7 (63.7%) 3(37.5%) 7 (63.7%)
Disease (n=17)
Group ; ;

B’“Ctgfzszgal 9(42.9%) | 2(28.6%) 5 (62.5%) 4 (36.4%) 5 (62.5%) 4 (36.4%)
Peak Ammonia (umol/L) 712446557 | 1372.86+796.4 655.88+318.172 1291.73+760.88* 655.88+318.172

50-200 4 (19%) 0 1(12.5%) 2(18.2%) 1(12.5%) 2 (18.2%)
Peak
Ammonia 201-500 5(23.8%) 1(14.3%) 2 (25%) 0 2 (25%) 0
Levels 501-1000 8 (38.1%) 2(28.6%) 4 (50%) 2 (18.2%)* 4 (50%) 2 (18.2%)*
(umol/L)

>1001 4 (19%) 4 (571%) 1(12.5%) 7 (63.6%)* 1(12.5%) 7 (63.6%)*
Mean Number of HEs per Year 0.8+0.59 2.85+0.93* 0.738+0.625 1.691£1.288 0.738+0.625

809-1000 11 (52.4%) 1(14.3%) 3(37.5%) 7 (63.6%) 3 (37.5%) 7 (63.6%)
Elevated
Glutamine 1001-2000 9 (42.9%) 6 (85.7%) 4 (62.5%) 4 (36.4%) 4 (62.5%) 4 (36.4%)
(umol/L)

>2000 1(4.8%) 0 1(0.12%) 0 1(0.12%) 0

52-500 7 (77.8%) 1(20%) 3(100) 3(33.3%) 3(100) 3(33.3%)
Elevated 500-1000 2(22.2%) 0 0 2(22.2%) 0 2 (22.2%)
Citrulline
(umol/L) 1001-2000 0 3 (60%)* 0 3(33.3%) 0 3(33.3%)

>2001 0 1(20%)* 0 1(11.1%) 0 1(11.1%)

No 18 (85.7%) | 3(42.9%)* 7 (87.5%) 5 (45.5%) 7 (87.5%) 5 (45.5%)
CVVHDF

Yes 3(14.3%) 4 (571%) 1(12.5%) 6 (54.5%) 1(12.5%) 6 (54.5%)

0-12 hours 2(66.7%) 1(25%) 0 2(33.3%) 0 2(33.3%)
Length of
Stay CVVHDF 12-24 hours 1(33.3%) 2 (50%) 0 3 (50%) 0 3 (50%)

>24 hours 0 1(25%) 1(100%) 1(16.7%) 1(100%) 1(16.7%)

z.mte'“ controlled | 7 (350) 1(14.3%) 2 (25%) 3(27.3%) 2 (25%) 3(27.3%)
Diet Therapy et

Calculated diet 13 (65%) 6 (85.7%) 6 (75%) 8 (72.7%) 6 (75%) 8 (72.7%)

*p<0.05, HE: Hyperammonenic episodes, CVVHDF: Continuous venovenose hemodiafiltration, UCD: Urea cycle disorders, WISC-R: Wechsler Intelligence Scale for

Children-Revised, SDS: Standard deviation score

IV L-arginine, carbamyl-glutamate, and extracorporeal
detoxification treatments were applied. Drug dosages were
adjusted in accordance with the current guidelines. In
maintenance treatment, a combination of a low protein
diet containing essential amino acid supplements,
citrulline and/or arginine supplementation, and ammonia
scavengers (sodium benzoate, sodium phenylbutyrate,
carbamylglutamate) were recommended. The three-day
dietary consumption records of the patients were arranged
according to the patients’ statements, and their natural and
synthetic protein intakes were calculated. In accordance with
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the recommendations, dietary therapy was applied to all
patients except for the female OTCD carrier. The calculated
diet (amino acids restricted formula and natural protein
restricted diet) was applied to 20 patients (71.42%), and a
protein-controlled diet (natural protein intake restricted
diet without amino acid restricted formula) was applied to
eight patients (28.57%). The compliance rate with the diet,
evaluated according to the dietary consumption records,
was 96.42%. Thirteen (81.25%) of the EO patients and seven
(58.33%) of the LO patients received a calculated diet. The
EO patients on the calculated diet had lower natural protein
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and higher caloric intake than the LO patients. There was
no significant relationship between the diet groups and the
neurological parameters (p=0.648).

Maintenance metabolic pharmacotherapy was given to
28 patients and a total of five different drugs were used.
71.42% of the patients were given sodium benzoate and
64.28% were given sodium phenylbutyrate (in combination
with sodium benzoate), 71.42% were treated with L-arginine,
21.42% with L-citrulline, and 25% with carbamylglutamate.
There was no difference in neurocognitive outcomes
among ammonia scavengers (p>0.32). Intestinal bacterial
decontamination with metronidazole or colistin was not
used. Carbamylglutamate was used for all NAGSD and
CPS1D patients (off-license approval). At the time of the first
HE, P26 needed CVVHDF three times, and their ammonia
levels could be controlled after carbamylglutamate. We
switched to carbamylglutamate because of metabolic
acidosis associated with oral sodium benzoate for P28 and
their ammonia level was controlled.

Extracorporeal detoxification was initiated in neonates
and children with ammonia levels >500 pmol/L. Eight
patients received CVVHDF in the initial period. Eight patients
(27.58%) with ammonia levels >500 umol/L during their
first metabolic crisis received dialysis, and seven of them
had encephalopathy before dialysis was initiated. The mean
duration of CVVHDF was 11.2+17.4 hours (min.: 4 h, max.:
72 h). The mean pre-dialysis ammonia was 1,410.5+648.42
pmol/L (min.: 640, max.: 2,045). P26 required intermittent
hemodialysis to keep their ammonia levels <200 pmol/L.
Intermittent hemodialysis was applied for 7 days due to
rebound hyperammonemia. After carbamylglutamate,
hyperammonemia was under-control. No significant
relationship was found between the length of stay in dialysis
and pre-dialysis ammonia levels (p=0.98). No significant
difference was found between the mean duration of dialysis
and the disease groups [mitochondrial UCDs (n=3, the
mean duration CVVHDF: 74.66+44.04 hour) and cytosolic
UCDs (n=5, the mean duration of CVVHDF: 14.0+5.65 hour)]
(p=0.139).

ASSD patients P9 and P10 received CVVHDF combination
with therapeutic hypothermia (TH) for their first HE. P9
presented with encephalopathy and seizure. There were
cerebral edema signs on transfontanelle ultrasound. The
initial ammonia level was 2,430 umol/L. Since the ammonia
(pre-dialysis ammonia: 2,180 umol/L) level did not decrease
adequately with pharmacotherapy, CVVHDF and TH was
started. At the 4 hour of CVHDF, ammonia decreased to
740. When ammonia was 380 pmol/L, seizure stopped. P10

presented with encephalopathy and their initial ammonia
was 2,045 pmol/L. CVVHDF and TH were initiated in the
second hour of pharmacotherapy because there were
cerebral edema signs on transfontanelle ultrasound and pre-
dialysis ammonia was 1,800 umol/L. Ammonia decreased to
230 pmol/L at the 12t hour of CVVHDF and TH. CVVHDF
was stopped at the 12* hour and TH was stopped at the 24
hour. Significant regression of cerebral edema was observed
4 hours after onset. There was no significant relationship
between those who underwent TH during dialysis and those
who did not in terms of neurological parameters (p=0.51).

Molecular Analyses

Five different variants were detected in the ASST gene,
p.Gly362Val (61.5%), p.Gly390Arg (15.3%), p.Arg363Trp
(15.3%), p.Arg272Cys (3.8%) and c.970+5G>A (3.8%). Eight
patients from seven different families had the p.Gly362Val
variant. Three (37.5%) patients with the p.Gly362Val
homozygous mutation were EO and five (62.5%) patients
were LO. All patients with the p.Gly362Val variant had peak
ammonia <1.000 umol/L and initial citrulline <1.000 pumol/L.
One of the three EO patients underwent extracorporeal
detoxification for hyperammonemic encephalopathy. AlLEO
patients with p.Gly362Val had normal neurodevelopmental
status, however two LO patients had mild ID and one
LO patient had profunda ID. In our cohort, P8 and P9
with the p.Gly390Arg variant had EO and peak ammonia
>1.000 umol/L, HEs per year of 4.5 and 3.1, initial peak
citrulline levels of 2,700 umol/L and 1,804 pumol/L, and
dialysis durations of 22 and 18 hours. The patients had
global developmental delay and bedridden status despite
treatment.

The p.Trp484Arg variant was detected in all patients
from five different families in the NAGS gene. All these
patients were the EO phenotype. There was no significant
relationship between their peak ammonia levels, dialysis,
and neurological parameters. Two variants were detected
in the OTC gene, the p.Trp58Arg (previously not reported)
and p.Asn258Lys from two different families. Two siblings
(P19, P20) and their asymptomatic mother (P21) had the
p.Trp58Arg variant. In the CPST gene, four different variants
(p.val1013del, p.Gly893Gly, p.Arg1001Leu, and p.Leu1134Phe),
two of which were novel, from three different families were
detected. While two patients were the EO phenotype,
one patient was LO. Two different variants, c.130+1G>A
and p.Gly235Arg, were detected in the ARGT gene. The
€.918+5G>A variant was detected in the ASL gene.
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Discussion

UCDs still have poor neurological condition despite
early diagnosis and treatment (3). The main aim of this
study was to address the poor neurodevelopmental
outcomes in UCD patients and to investigate contributing
factors. The estimated incidence of UCDs ranges from
1/8,000 to 1/35,000 births (2). Although the incidence of
UCD in our country is not known exactly, the prevalence
was found to be 1:839 in a Turkish pilot study evaluating the
general frequency of metabolic disorders (9). Although OTC
deficiency is the most common UCD in the world, ASSD is
more common in our country (10,11). Consistent with the
literature, ASSD (44.82%) was observed most frequently in
our cohort.

Patients present with a wide spectrum of clinical severity
and findings. The most severe and critical presentation is
hyperammonemic encephalopathy resulting in death or
severe neurological impairment. EO patients mainly present
as hyperammonemic encephalopathy, while LO patients
show variable manifestations (3,10,12). In our cohort, 55.17%
of the patients were EO and 41.37% were LO. Consistent with
the literature, the EO patients presented most frequently
with hyperammonemic encephalopathy, and the LO
patients with different neurological symptoms in our cohort
(1,3). Early diagnosis and treatment are recommended
to improve neurodevelopmental outcomes (6). However,
despite increasing newborn screenings, improved treatment
methods and hemodialysis technology, poor neurological
outcomes continue in UCD patients (13). For most EO
patients, a positive screening result is not available before
the first symptom onset. While neonatal screening for
UCD is available in a few regions in Europe, there is still
uncertainty about the benefits of NBS for individuals with
ASSD and ASLD included in newborn screening programs
in the United States (14). Posset et al. (15) reported that
the mean ages of initial symptoms of the NBS group and
EO group were similar and even earlier in the EO group
(3). There is no newborn screening for UCD in our country.
Patients were diagnosed during their symptomatic period
and by family screening. The mean age at initial symptom
was 9.8 days and the mean age at diagnosis was 11.6 days in
the EO group. This showed us that the clinical findings in EO
patients started early. When the neurological parameters
were evaluated according to disease onset (EO/LO), no
significant difference was found in our study. There was no
significant difference between the peak ammonia levels and
the mean number of HEs per year in the EO and LO groups.
It remains unclear whether NBS has a beneficial effect

190

on neurocognitive outcomes, as IQ data have only been
reported for a small number of patients in the NBS group
in the literature. In some studies, it has been reported that
ASSD and ASLD patients diagnosed with NBS have better
cognitive outcomes (15). LO UCD carries a significant risk
of poor neurologic outcome if not recognized and treated
early (16). Due to exposure to neurotoxic metabolites, a
long follow-up period is required to determine whether NBS
has a lifelong positive effect on neurocognitive outcomes.

Waisbren et al. (3) reported that cytosolic UCDs had
poorer neurocognitive outcomes than mitochondrial UCDs.
Similarly, Nettesheimetal.(17) and Burgardetal. (18) reported
worse neurocognitive outcomes in symptomatic individuals
with cytosolic UCDs compared to mitochondrial UCDs,
although there were fewer episodes of hyperammonemia,
particularly in ASSD and ASLD patients. CPS1D and OTCD
tend to have the highest risk of acute neurological damage
due to HEs (16,19-21). In our study, no significant difference
was found between cytosolic and mitochondrial UCDs in
terms of their neurological outcomes.

In previous studies, duration of coma, peak ammonia
levels and increased intracranial pressure were accepted as
poor prognostic factors (19,22,23). Metabolic elimination
of ammonia occurs by conversion to urea in the liver
and glutamine by brain and skeletal muscle resulting in
swelling of the astrocytes and cytotoxic cerebral edema.
Involvement of N-methyl-D-aspartate receptors and
neuronal degeneration are seen with hyperammonemia.
According to research, mechanisms other than ammonia,
such as impaired NO metabolism resulting in oxidative
stress in the brain, are thought to contribute to neurological
deterioration (3,15). Acute hyperammonemia without
cerebral edema is the main pathophysiology which triggers
neuronal disinhibition and seizures due to the Na+ -K+-2Cl-
cotransporter isoform1 in the neuron. However, the brain
damage mechanisms in UCDs are still not fully elucidated.
Peak ammonia levels have been associated with poor
neurocognitive outcomes in most studies (3,13,15,19,23).
In the study of Uchino et al. (23) with 216 UCD patients,
the 5-year survival rate was reported as 22% for EO UCD
and 41% for LO UCDs. A significant relationship was found
between the peak ammonia level during the first HE and
neurocognitive outcomes. When peak ammonia levels are
<306 ug/dL, thereis no serious neurological deficit. However,
when this value is over 596 ug/dL, patients either die or have
severe neurological defects (23). Bachman reported that
none of their patients had normal neurological outcomes
when their peak ammonia levels were >817 pg/dL (19).
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In the Posset et al. (15) study, the baseline ammonia level
was associated with impaired neurocognitive outcome in
those with mitochondrial UCDs. Waisbren et al. (3) reported
a significant relationship between exposure to disease-
specific neurotoxic biomarkers such as ammonia, citrulline,
and neurocognitive outcomes. Also, there is a relationship
between the mean number of HEs per year and poor
neurological outcomes (3). Inconsistent with the literature,
Msall et al. (20) reported no significant relationship between
peak ammonia levels and 1Q in 26 patients with neonatal
UCDs. However, a significant negative linear correlation
was found between stage Ill or IV hyperammonemia coma
duration and 1-year-old 1Q levels (20). Consistent with the
literature, a significant relationship was found between
abnormal neurological parameters and the peak ammonia
level and the mean number of HEs per year in our study.
The effect sizes of the groups were large. All these studies
emphasize the importance of the timely diagnosis and rapid
reduction of ammonia levels.

Enzyme activity in ASSD patients correlates with peak
ammonia and initial citrulline levels (5). Peak citrulline
levels were significantly higher in ASSD patients who had
abnormal neurological parameters in our study group.
Although we could not find a significant relationship
between the citrulline subgroups and delayed milestones in
ASSD patients, delayed milestones occurred in all subjects
with a citrulline level over 500 pumol/L. Abnormal motor
skills and tone abnormalities were observed in all cases
with a citrulline level over 1.000 umol/L. We think that the
reason for not detecting a statistically significant difference
is related to the small sizes of the subgroups. Consistent
with the literature, we observed a relationship between
high citrulline levels and poor neurological outcomes in our
study. However, there were patients in our study group who
had high citrulline levels but were mentally normal. Plasma
citrulline levels can only partially help predict prognosis
and neurological outcome, and so it is difficult to give an
accurate prognosis. We could not study enzyme levels due
to technical limitations. Plasma glutamine is widely used as
a biomarker of control in UCD patients (24,25). In addition,
plasma glutamine concentrations can be viewed as a
predictor of the organism'’s total nitrogen load. Although
diurnal variability is less, it varies with nutritional status
and is highest after fasting (26). Levels exceeding 900-1,000
pmol/L are thought to be associated with HEs. Lee et al.
(25) reported that glutamine was a weaker predictor than
ammonia for HE and had a predictive value when evaluated
with concomitant ammonia. However, in our cohort, there
was no significant relationship between peak plasma

glutamine levels and peak ammonia, the mean number of
HEs per year or neurological parameters. Plasma glutamine
levels do not accurately reflect brain levels.

A study in OTCD patients showed that 1Q is a valid
marker for defining neurocognitive outcomes (27). We used
the WISC-R test to determine the neurocognitive status in
our patients older than 6 years of age. We evaluated them
according to their total IQ scores. However, we could not
detect a significant correlation between any clinical or
laboratory parameter and their WISC-R scores.

ASS1deficiency is a urea cycle disorder with an estimated
incidence of one in 44,300-250,000 based on the literature
(28). ASS1D shows heterogeneous clinical manifestations,
such as the EO form with HE, seizures, coma and cerebral
edema, the LO form with varying degrees of neurological
impairment, and the asymptomatic form. To date, more
than a hundred variants in the ASST gene located on
chromosome 9q43.11 (#215700) have been reported. In our
cohort, five different variants were detected in the ASST
gene, p.Gly362Val, p.Gly390Arg, p.Arg363Trp, p.Arg272Cys
and c.970+5G>A. The second most common p.Gly362Val
variant in Turkey was observed most frequently in our
study group. This variant has previously been associated
with highly conserved residual enzyme activity and mild
or asymptomatic citrullinemia (29,30). In our cohort, five
patients had normal neurodevelopmental status and two
patients had mild ID. Inconsistent with the literature, P5
with LO had profunda ID and was bedridden. The mean
number of HEs of P5 was 3.2 per year and peak ammonia
levels were similar to mentally normal ASSD patients.
P7 with EO and the p.Gly362Val variant presented with
hyperammonemic encephalopathy and underwent CVVHDF
and had normal WISC-R scores at the age of eight. The
most common variant in the world and in our country
is p.Gly390Arg (27). It has been associated with severe
clinical form in previous studies. However, Daou et al. (29)
reported different clinical presentations with this variant.
In our cohort, both patients with this variant had EO, peak
ammonia >1.000 umol/L, mean numbers of HEs per year
of 4.5 and 3.1, initial citrulline levels of over 1.000 umol/L,
and dialysis durations of 22 and 18 hours. Consistent with
the literature, both patients had poor neurodevelopmental
outcomes (Denver Il test <-2 SDS). The p.Arg363Trp variant
is associated with EO (28). In our cohort, these patients also
had EO, global developmental delay and were bedridden
despite early treatment and dialysis. Hypercitrullinemia is
used as a biochemical marker for ASS1D, but the genotype-
phenotype correlation is not very strong (5).
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In our cohort, two siblings had identical genotypes
for OTCD. P19 had profunda ID, whereas P20 had normal
neurological parameters. Klaus et al. (30) reported two
siblings with identical genotypes for CPS1D, one died as
a newborn while the other had normal functions at the
age of 45 with dietary therapy. While an EO patient who
needed CVVHDF had normal development, there was also
an adult patient with ID (31). It indicates the absence of
a genotype/phenotype relationship in UCD. At present, a
precise prediction of neurological outcome is not easy as
thereis no correlation between genotype, age of onset, and/
or phenotype. The reason for this significant difference in
neurological presentation is unknown.

A combination of a low protein diet with or without
essential amino acid supplements, citrulline and/or
arginine, and nitrogen scavengers (sodium benzoate, and
sodium glycerol phenylbutyrate) has been suggested for
maintenancetherapy (6). Leeet al. (25) evaluated the efficacy
of therapeutic modalities in UCD patients with the stable
isotope protocol. However, sufficient information was not
obtained about the prognostic process. The nitrogen removal
efficiency of sodium phenylbutyrate is biochemically double
compared to sodium benzoate. However, the superiority of
each other in terms of disease severity or neurocognitive
outcome is not clear in studies (32). Carbamyl acid is
licensed for NAGS deficiency. Also, we used it for CPS1ID
patients off-license. It provided good metabolic control
in CPS1D patients who needed recurrent CVVHDF due to
resistant hyperammonemia. In our study group, there was
no difference in neurocognitive outcome among ammonia-
scavengers. These disappointing pharmacotherapeutic data,
together with the poor cognitive outcomes in symptomatic
UCD patients, suggest an urgent need for new treatments.
In some studies, the use of multiple ammonia scavengers
resulted in better cognitive outcomes (3). This has been
associated with better metabolic control.

CVVHDEF is currently the most effective way of ammonia
detoxification. In cases of ammonia >500 pmol/L and
insufficient reductions in ammonia levels after 4 hours
medical treatment, hemodiafiltration is recommended
according to the UCD guideline. Based on this, eight
patients with ammonia levels >500 pmol/L during their first
metabolic crisis received dialysis. Coma is a known predictor
of poor outcome and patients with baseline ammonia >360
pmol/L are reported to have a poor prognosis. Kido et al.
(33) recommended that patients with a baseline ammonia
level above 180 pumol/L should receive hemodialysis. Enns
et al. (34) recommended aggressive treatment including
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dialysis in neonatal hyperammonemia exceeding 300
pumol/L (34). Spinale et al. (35) recommended extracorporeal
detoxification for ammonia level >400 pmol/L in newborns.
In our study, we found a significant relationship between
poor neurocognitive outcome and initial peak ammonia
levels and the mean number of HEs per year. There were
still poor neurocognitive outcomes despite extracorporeal
detoxification. This highlights the need to reassess current
treatment strategies, including the threshold for starting
extracorporeal detoxification if ammonia levels exceed 500
pmol/L.

It has been shown that TH significantly reduces both
morbidity and mortality in perinatal encephalopathy (36-
38). Moderate hypothermia has been previously used in
adult acute liver failure, and decreases in blood ammonia
levels and intracranial pressure have been observed
(37). In some studies, TH was used in combination with
extracorporeal detoxification in UCD and organic acidemia
patients, it was hypothesized that hypothermia may have
reduced enzymatic ammonia production and reduced brain
edema (38-40). Based on the literature, we also used TH
in combination with CVVHDF in two patients with ASSD.
When the neurological parameters of CVVHDF and the
TH combination with CVVHDF groups were compared, no
significant difference was found. However, a significant
regression was observed in brain edema four hours after
onset in the TH group. The use of TH by experienced
teams seems promising due to its neuroprotective effects,
ammonia-reducing effects, anti-inflammatory effects, and
brain edema-reducing effects. Further studies with large
numbers of patients are needed.

Study Limitations

This is a retrospective study and we could not perform
enzyme analyses due to technical limitations. Lack of
enzyme analysis made it difficult to evaluate the effects of
genotype on phenotype. The negative impact of the number
of subgroups and the low number of cases on the statistical
results cannot be excluded.

Conclusion

There are several reasons why UCDs can have poor
neurological outcomes despite early diagnosis. Based on
our patient group, which were mostly diagnosed in the
symptomatic period, we aimed to examine the parameters
which can be easily used by clinicians in estimating
disease severity and neurocognitive outcomes. Our study
emphasizes the effect of peak ammonia levels and the
frequency of HEs on neurological outcomes. This does
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not necessarily mean that other interventions are not
effective. There were still poor neurocognitive outcomes
despite extracorporeal detoxification. This highlights the
need to reassess current treatment strategies, including
the threshold for starting extracorporeal detoxification
if ammonia levels exceed 500 pmol/L. The use of TH by
experienced teams seems promising due to its brain edema-
reducing effects. Further studies with larger numbers of
patients are needed. Close monitoring of ammonia levels,
rapid and effective intervention, and the prevention of
hyperammonemia crises are essential for good neurological
outcomes.
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ABSTRACT

Aim: The bed-sharing option has been reported to positively encourage breastfeeding frequency in the literature. However, an association
between sudden infant death syndrome (SIDS) and infant bed-sharing has also been identified. The present study aimed to determine the
effects of mother-infant bed-sharing and room-sharing on breastfeeding and sleep patterns and whether there is any increased risk of SIDS.

Materials and Methods: \We conducted a cross-sectional study among 507 mother-infant dyads between August, 2017 and August, 2018. Bed-
sharing was defined as sharing a bed or mattress; room-sharing was defined as sharing the same room for any part of the night. The validated
Sleep Questionnaire form was used to assess infant sleep characteristics. Potential predictors of bed-sharing were evaluated via logistic
regression models (age, education, etc.).

Results: In the study period, 507 mother-infant dyads were included. The rate of room-sharing was 78.1%, and the rate of bed-sharing was
12.4%. Additionally, the rate of sleeping in a different room was 9.5%. All infants aged 1-5 months who shared a bed with their mother were
breastfed, while 94% of those who did not share a bed were breastfed. For 6-12-month-old babies, the breastfeeding frequency was 86% for
those who shared a bed, whereas 77% of those who did not share a bed were breastfed. However, the bed-sharing modality was not statistically
shown to increase the frequency of breastfeeding [odds ratio (95% confidence interval); 0.362 (0.130-1.01)] (p=0.052).

Conclusion: Sharing a bed remains popular for infants’ sleep arrangements. In our study, the majority of infants slept in separate cribs. This
study revealed that mother-infant bed sharing increased breastfeeding frequency. Moreover, mother-infant bed sharing delayed the age at
which babies with sleep disorders stopped breastfeeding.

Keywords: Infant, sleep, breastfeeding, bed-sharing, room-sharing, SIDS

Introduction in infancy and childhood. Biological, socio-cultural, and
environmental factors influence sleep characteristics and
sleep-related behaviors, particularly in the first months
after birth (1-4). In addition to sleep quality, safe infant sleep
should not be ignored because 3,500 infants die tragically

Sleeping is an active neurophysiological process
associated with good cognitive, psychomotor, physical,
and socioemotional development, mood, and behavior
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of sudden infant death syndrome (SIDS) or other sleep-
related mortalities annually in the USA. A technical report
was published in 2016 which aimed to decrease mortalities
caused by SIDS and other sleep-related infant deaths,
including many recommendations for wrong sleep positions
or behaviors. One of the most prominent suggestions was a
safe sleeping location where by infants should sleep in the
parents’ room, close to the parent's bed, but on a separate
surface (5).

Systematic reviews and studies have focused on the
harms and benefits of bed-sharing, which is defined as
the parent/parents and the infant sleeping together on
the same surface (bed, couch, chair) for many years (6,7).
Although epidemiologic studies have declared that bed-
sharing might increase the risk of overheating, rebreathing,
airway obstruction, and head covering and thus ultimately
increase the risk of developing SIDS in infants, the bed-
sharing practice remains a popular option in several cultures.
Data from the Centers for Disease Control, Pregnancy Risk
Assessment Monitoring System, and the National Infant
Sleep Position have shown that the practice increased
by approximately 6.5% to 13.5% between 1993 and 2010.
These studies reported that bed-sharing increases the
connection between the mother and infant and supports
the socio-emotional development of infants (8-10). It is
also noted that an increase in the frequency and quality
of breastfeeding is associated with bed-sharing (11). The
possible benefits of bed-sharing include an increase in the
incidence of successful breastfeeds, the encouragement
of breastfeeding for mothers, and the total duration of
breastfeeding (12). Nevertheless, a perplexing question has
arisen regarding the relationship between bed-sharing and
breastfeeding: does bed-sharing facilitate the continuation
of breastfeeding, or does breastfeeding encourage the
adoption of bed-sharing? Can variabilities in bed-sharing
behaviors be used to predict a distinction between low-risk
and high-risk infants in a dynamic environment?

The purpose of this study was to detect the prevalence
of sleep-sharing practices, to assess the effects of mother-
infant bed-sharing and room-sharing on the breastfeeding
and sleep patterns of infants, to determine whether there is
any increased risky behavior regarding SIDS, and to identify
those factors which influence the preference of infant sleep
location.

Materials and Methods

Study Design and Dyads

This study was designed as a single-center, cross-
sectional study. It was conducted in a children’s hospital
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among mother-infant dyads who were followed up by a
social pediatrics outpatient clinic between August, 2017
and August, 2018. Approval for this study was given by
the Ege University Faculty of Medicine Clinical Research
Ethics Committee (approval no: 17-12/35, date: 12.12.2017).
A total of 507 mothers and 507 infants under 12 months
old (507 mother-infant dyads) were enrolled in this study.
Oral consent from the mothers was obtained before they
participated in this survey after informing them about the
study’s purpose and expectations.

Sleep Practices and Demographic Questionnaire

The validated Sleep Questionnaire form (adapted
and modified from the Sleep Practice Questionnaire) (13)
was used to assess infant sleep location, before-bedtime
activities, sleep patterns, sleep duration, night waking,
night feedings, bedtime routine components and times,
infant sleep behaviors and environment, and parenting
responses to night wakings. The participants also responded
to questions relating to sleeping problems, pillow use, and
breastfeeding frequency through the sleep questionnaire
form.

The babies were accepted as being breastfed if breastmilk
constituted >80% of their daily nutrition. The mothers were
interviewed and a questionnaire regarding demographic,
socio-economic, behavioral, and biological characteristics,
maternal education, sleep location choices, breastfeeding
features, and frequencies, etc., was given to those who
agreed to be and were accepted as participants. Infants with
a birth weight of less than 2,000 grams, acute infections,
diseases requiring a particular nutrition program, or a
chronic illness requiring hospitalization were excluded from
this study. The inclusion criteria for mothers were full-term
pregnancies (37 weeks) and being able to speak Turkish. The
families’ monthly household income levels were evaluated
according to the results of the Tiirk-Iis survey of August,
2017 (14).

Two distinct categories were identified: dyads belonging
to the bed-sharing group and dyads belonging to the
room-sharing group. The groups were compared to assess
disparities in terms of their demographic characteristics,
sleeping patterns, frequency of breastfeeding, and other
socio-economic determinants.

Sleep-Sharing Definitions

Bed-sharing was defined as the infant using the same
surface (bed, sofa, or chair) of sleeping location as the
mother or parents. Room-sharing was defined as the
parent/parents and infant sleeping in the same room on
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separate surfaces. Co-sleeping is generally defined as a child
sleeping close to the parent/parents on the same sleeping
surface (bed-sharing) or in the same room but on a separate
sleeping surface (room-sharing). Co-sleeping was not used
in this study as it is a broader concept.

Statistical Analysis

Statistical analyses were performed using the IBM SPSS
version 21.0 for personal computers (Chicago, IL, USA).
The Shapiro-Wilk test was used to check the normality
assumption of continuous variables. Fisher's exact and
Pearson’s chi-squared tests were used for categorical data.
In cases of non-normally distributed data, the Mann-
Whitney U test was utilized, and the t-test was used in cases
of normally distributed data in order to determine whether
the difference between the two groups was statistically
significant. Pearson or Spearman correlation analyses were
used in order to investigate the relationships between
numerical variables. Post-hoc analysis was performed for
cross-tables larger than 2x2. Logistic regression analysis

was used to investigate the effects of independent variables
on the dependent binary categorical variable. In univariate
analysis, a p<0.25 value was used as statistical significance
in logistic regression analyses, and then multivariate
logistic regression analysis was evaluated. The independent
variables were age, sex, educational status, etc., and the
dependent variables were defined. It was assumed that
the independent variable at the beginning of the process
reveals the dependent variable of the process. A two-tailed
probability value of p<0.05 was considered statistically
significant.

Results

Participants and Baseline Characteristics

The participants’ characteristics are presented in Table
I. The infants were divided into four groups according to
age: Group 1 (1-2 months, 39.4%), Group 2 (3-5 months,
26.1%), Group 3 (6-8 months, 20.3%), and Group 4 (9-12
months, 14.2%) (Figure 1). Table | also summarizes the
infants’'maternal and child characteristics and sleep

Table I. Demographic, socioeconomic, and sleep characteristics of the participants

Infant characteristics ‘
Age (mean * SD), months 4.4+1.2
n %
Gender Male 243 479
Female 264 521
Age groups, months 1-2 200 39.4
3-5 132 26
6-8 103 20.3
9-12 72 14.2
Delivery form Vaginal delivery 170 335
Cesarean-section delivery 337 66.5
Birth weight, gr 2,000-2,500 19 37
2,501-4,500 481 95
>4,500 7 1.3
Infant sleep characteristics Bed-sharing 63 124
Room-sharing 396 781
Different rooms 48 9.5
Sleep position Supine 242 47.8
Lateral 233 45.9
Non-supine (prone) 32 6.3
Pillow usage Yes 275 54.4
No 232 45.6
Sleep surface Soft 310 61.2
Hard 197 38.8
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Table I. Continued

Infant characteristics

Infant’s own room Yes 259 511
No 248 48.9
z:: ?numte:el;:tf;?ehkts mother and child shared a Never 315 621
1-6 times 133 26.3
7 times 59 1.6
Sleeping-waking features (Infants)
Duration of sleep in the night (mean + SD), hours 9+1.2
(mean + 5D mine 1884171
Frequency of night wakings (mean + SD), times 27413
Duration of sleep in the day (mean + SD), hours 2.9+2.5
Frequency of sleep in the daytime (mean + SD), times 3415
Family and maternal demographics
Maternal age, (mean * SD) 30.2+5.0
Maternal age at delivery, (mean * SD), years 29+5.6
n %
Maternal age groups, years 18-24 Al 14
25-34 325 64
=35 m 22
Maternal education Illiterate 9 1.8
Primary school 61 12
Secondary school 59 1.6
High school 150 29.6
University 228 45
Current breastfeeding status Yes 454 89.5
No 53 10.5
Working status of the mothers Housewife 256 50.5
Working 65 12.8
Maternity leave 186 36.7
Home characteristics Single-family home 466 91.9
Extended family or others living in the home 39 7.7
Divorced 2 0.4
Household income, TL >4,500 166 32.8
1,500-4,500 311 61.3
<1,500 30 5.9
Care provider for the infant Mother 357 70.4
Babysitter 12 2.3
Grandmother 138 27.3
Current maternal smoking status Yes 61 121
No 446 87.9
Current maternal alcohol usage Yes 14 3
No 493 97

SD: Standard deviation, TL: Turkish liras
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Figure 1. Distribution of the number of babies by month

features. The infants consisted of 243 (47.9%) males and
264 (52.1%) females, with a mean age of 4.4+1.2 months.
The mean age of the mothers was 30.2+5.0 years, 14% were
18-24 years old, 64% were 25-34 years old, and 22% were 35
years old or older. 1.8% of the mothers were illiterate; 12%

had graduated from primary school; 11.6% from secondary
school; and 29.6% had graduated from high school. The rate
of room-sharing in the study group was 78.1%, and the rate
of bed-sharing was 12.4%. Only 9.5% of the infants slept in
a room other than their mother's. It was found that 47.8%

of the 507 infants slept on their backs (supine position:

Table Il. Comparison of the demographic and sleeping characteristics between room-sharing and bed-sharing sleepers

Bed-sharing sleepers (n=63) Room-sharing sleepers (n=396) | p-value
Frequency of breastfeeding at night, n (%) 0.361
0-3 times 34 (54) 266 (67.2)
4-6 times 29 (46) 130 (32.8)
Sleep position, n (%) 0.003
Back 19 (30.1) 223 (56.4)
Lateral/Prone 44 (69.9) 173 (43.6)
Duration of falling sleep, n (%) 0.006
5-10 min 30 (47.6) 95 (24.1)
11-30 min 22 (34.9) 271(68.4)
>30 min 11 (17.5) 30 (7.5)
Frequency of night wakening, n (%) 0.539
Never 2(3.2) 25 (6.3)
1-3 times 39 (61.9) 288 (72.8)
4-6 times 22 (34.9) 83 (20.9)
Home characteristics, n (%) 0.560
Single-family home 57 (90.4) 363 (91.6)
Extended family 6(9.6) 33(8.4)
Maternal age, n (%) 0.617
19-25 10 (15.8) 82(20.7)
>25 53 (84.2) 314 (79.3)
Maternal education, n (%) 0.778
Primary school 10 (15.9) 60 (15.2)
Secondary school 5(7.9) 54 (13.6)
High school 29 (46) 131(33)
University 19 (30.2) 151(38.2)
Maternal working, n (%) 0.655
Working 10 (15.9) 55 (14)
Housewife 29 (46) 267 (67.4)
Maternity leave 24 (38.1) 74 (18.6)
Maternal smoking and/or alcohol use, n (%) 0.341
Yes 11 (17.4) 58 (14.7)
No 52 (82.6) 338 (85.3)

199



Oztiirk et al.
Sleep Sharing Practices in Infants

n=242), 45.9% slept in a lateral position (n=233), and 6.3%
(n=32) slept in a prone position. It was determined that
the mean frequency of night waking in infants was 2.7+1.3
times. The mean nighttime sleep duration among mothers
was 5.2+1.68 hours; 65.1% of mothers (n=330) described
themselves as happy, while 34.9% were unhappy. According
to the mothers’perceptions, the prevalence of infant sleep
problems was as follows: 24 (4.7%) had severe problems,
151 (29.8%) had moderate problems, and 332 (65.5%) had
no sleep problems.

Bed-Sharing vs. Room-Sharing

Table Il presents the participant characteristics for
each group. No differences existed between groups for
breastfeeding frequency at night (p=0.361). Family type,
maternal age, maternal education, maternal working
status, and maternal smoking or alcohol use also did
not show a significant difference between the groups.

However, there was a significant difference between the
two groups in terms of sleep position and duration of falling
asleep (p<0.05). Lateral/prone position patterns were more
common in the bed-sharing group than in the room-sharing
group, and bed-sharing infants fell asleep in a shorter
time than room-sharing infants (p=0.003 and p=0.006,
respectively).

There was no significant effect of the independent
variables, including the mother’s age, education, household
income, the sex of the infant, or the number of siblings on
bed-sharing preferences. Those infants who were breastfed
did not have a statistically significant increase in bed-
sharing [odds ratio (OR) (95% confidence interval (Cl));
0.362 (0.130-1.01)] (p=0.052). However, logistic regression
analysis showed that the bed-sharing practice increased 1.2
times with increasing age [OR (95% Cl); 1.224 (1.126-1.331)]
(p<0.0071) (Table Ill) (Figure 2).

Table Ill. The results of effective factors on choosing a bed-sharing modality via logistic regression analysis

Independent variables B S.E Wald df OR (95% Cl) p-value
Breastfeeding -1.017 0.524 3.767 1 0.362 (0.130-1.07) 0.052
Age 0.202 0.043 22.59 1 1.224 (1.126-1.331) <0.001
Sex (F) -0.160 0.280 0.328 1 0.852 (0.493-1.474) 0.567
Number of siblings -0.274 0.210 1.707 1 0.760 (0.505-1.147) 0.191
Mother age 0.032 0.030 1127 1 1.033 (0.973-1.096) 0.288
Household income 0.000 0.000 0.060 1 1.000 (1.000-1.000) 0.807
Unhappy mother 0122 0.298 0.167 1 1.129 (0.630-2.026) 0.683
Sleep problems 0.100 0.299 0m 1 1.105 (0.615-1.986) 0.739
Maternal education (Illiterate)

Secondary/high school -0.259 0.448 0.334 1 0.772 (0.321-1.856) 0.563
University -0.554 0.477 1.346 1 0.575 (0.226-1.465) 0.473

OR: Odds ratio, Cl: Confidence interval

100%
90%
80% 7,
70% 7~ /
60% 7
50%
40%
30%
20%
10%
0%

1-2 month (n=200) 3-5 month (n=132)

m Bed-sharing (%)

Figure 2. Bed-sharing and room-sharing rates by month
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The mothers of the 507 babies who participated in this
study reported that 18.8% of their infants were demanding.
The age group with the most significant ratio of restless to
peaceful infants was 1-2 months, while the age group with
the lowest ratio was 9-12 months (Table IV). The logistic
regression method was used to identify and assess the
independent variables (baby age, unhappy mother, maternal
age, pacifier use, breastfeeding, and/or bed sharing) which
may have impacted the newborns' sleep issues. It was also
found that infants had a 2.2-fold increased risk of sleep
problems with unhappy mothers [OR (95% Cl); 2.26 (1.53-
3.33)] (p=0.006). There was no statistically significant
association with the other independent variables on infant
sleep problems (Table IV).

the bed-sharing modality is associated with physical touch
(e.g., skin-to-skin contact), emotional security, and physical
comfort, which decrease infant distress (13). The bed-
sharing modality also comforts breastfeeding mothers in
terms of night-sleeping and sustainable sleep. As it may
also promote an increased frequency of breastfeeding and
its sustainability, infant sleep location choices still tend to
maternal-infant bed-sharing in several societies (8).

An international study conducted by Nelson and Taylor
(15) from China in 2001 indicated that sleep location choices
may vary between countries and cultures and that numerous
ethnic and religious beliefs may influence the sleeping
location. In that study, a wide range of bed-sharing ratios
(2% to 88%) was reported from 21 centers in 17 countries,

Table IV. The results of effective factors on the sleeping problems in infants via logistic regression analysis
Independent variables B S.E Wald df OR (95% Cl) p-value
Age, months (1-2 month)

3-5 -0.007 0.242 0.001 1 0.99 (0.61-1.59) 0.976
6-8 0.322 0.26 1.47 1 1.37 (0.82-2.32) 0.225
9-12 -0.30 0.32 0.832 1 0.74 (0.38-1.41) 0.362
Unhappy mother 0.815 0.19 16.8 1 2.26 (1.53-3.33) 0.006
Mother age >25 0.398 0.25 2.51 1 0.67 (0.41-1.10) 0113
Bed-sharing (Last night) 0.065 0.294 0.049 1 1.067 (0.060-1.89) 0.824
Breastfeeding (No) 0.690 0.36 3.49 1 0.50 (0.24-0.060) 0.061
OR: Odds ratio, Cl: Confidence interval

Discussion

This current article mainly examines the preference
status for the practice of bed-sharing or room-sharing
among mother-infant pairs. It evaluates whether there
is a relationship between sleeping place choices and
breastfeeding and also whether the determined factors
cause sleep problems in infants. We conducted this study to
determine the effects of mother-baby bed sharing and room
sharing on breastfeeding and sleep patterns and our results
show that bed-sharing has no advantage over room sharing
in terms of breastfeeding, breastfeeding frequency, sleep
patterns, and comfortable sleep during infancy.

Although it has been recommended that infants sleep
in the parents’ room on a separate surface (room-sharing)
for the first year of life (5), most parents prefer bed-
sharing situations to accommodate their infants’ needs
(feeding, crying, etc.). The bed-sharing practice may also
provide social-emotional and psychological positive effects
within the mother-child dyadic relationship for their infants’
development. As is well known, it has been reported that

including Turkey (15). The National Infant Sleep Position
Study (9) conducted in the USA with 18,986 participants
stated that bed-sharing practices increased between 1993
(6.0%) and 2010 (13.5%), with an 11% prevalence. In a pilot
study (16) carried out in the Netherlands among 55 Turkish,
54 Moroccan, and 210 Dutch families, the bed-sharing ratio
was reported as being 37% in Turkish families, 40.4% in
Dutch, and 38.9% in Moroccan families. Yikilkan et al. (17)
showed that the prevalence of the bed-sharing practice was
16%, and their study noted that the bed-sharing option was
more significantly frequent among mothers younger than
20. In this current study, the rate of bed-sharing was 12.4%.
Thus, the bed-sharing modality is used in Turkey, just as in
many countries which showed low or high rates of SIDS
worldwide. This study reported that the risk of SIDS is more
likely to occur when the mother is older, has sleep problems,
or is unhappy.

Although studies have stated in the literature that
bed-sharing is a positive behavior for infant development,
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the strong relationship between SIDS and the bed-sharing
modality should not be ignored. Sudden infant death
syndrome, also known as crib or cot death, is defined as
the sudden death of an infant younger than one year of age
during sleep, unexplained by complete autopsy and a review
of the clinical history of the case (5). The actual incidence
of SIDS has not been clearly defined all over the world;
however, it has been put forward that there are about 3,500
sudden unexpected infant deaths (SUID), and rates of SIDS,
which is a classified subgroup of SUID, declined considerably
from 130.3 deaths per 100,000 live births in 1990 to 35.2
deaths per 100,000 live births in 2018 in the United States
(approximately 2,500 deaths) (18,19). The incidence of
SIDS may indicate disparities based on different cultural
practices, races, and ethnicities. Non-Hispanic white infants
are determined to have a lower risk for SIDS than Native
American, Alaskan Native, and black infants (20).

Several observational and case-control studies have
specified many independent epidemiologic risk factors for
SIDS. While younger maternal age, inadequate prenatal
care, and maternal smoking have been identified as
maternal risk factors, soft bedding or bedding accessories
such as loose blankets and pillows, head coverings, preterm
birth or low birth weight, prone sleeping positions, bed-
sharing, and overheating have been proposed as an infant
and environmental factor. Lower socioeconomic status has
also been associated with an increased risk of SIDS. Gessner
et al. (21) reported in their research which included 115
infants who died from SIDS between 1992 and 1997 that 113
(98%) of these 115 infants had slept in a prone position or
were bed-sharing. According to our results, the education
level of the mothers, household income, infant sex, or the
mother’s age did not affect bed-sharing choices. However,
those mothers who preferred the bed-sharing modality
were more likely to show several risks for SIDS, such as
lateral sleeping positions. In the National Infant Sleep
status study conducted in the United States, it was shown
that low household income increased 2-fold the frequency
of bed-sharing, high maternal education decreased sleeping
with the infants on the same bed, and a negative correlation
between maternal age and bed-sharing was shown (22).

Breastfeeding is a critical nutrition form recommended
by the World Health Organization, and they recommend
“exclusively breastfeeding for the first six months of life,
after that for at least two years with the addition of
appropriate complementary feedings” forinfants. It plays an
essential role in lifetime health. The evidence of the strong
association between increased breastfeeding frequencies
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and bed-sharing practices has presented a confusing
combination due to a clear dose-response relationship in
a similar fashion to the “chicken and egg” conundrum. In a
large longitudinal UK cohort study, there was seen to be a
positive correlation between the two entities; namely, that
breastfeeding rates increased in bed-sharing infants and
decreased among those who rarely or never experienced
the bed-sharing practice (23). Unfortunately, the bed-
sharing practice should not only be associated with several
benefits, such as improving breastfeeding rates, increasing
breastfeeding duration, encouraging more optimal infant
and mother sleep patterns, mother-baby interactions, etc.,
but also with an obvious proven risk of SIDS. A meta-
analysis study showed that bed-sharing infants had a
2.89-fold higher risk of SIDS than non-bed-sharing infants
(24). Several studies have also reported showing evidence
of death hazards by overlaying/smothering associated with
bed-sharing practices (25). As expected, the bed-sharing
method is likely related to the other risk factors (such as
suffocation, asphyxia, entrapment, falls, and strangulation)
which could be lead to the infant’s injury or death. This
means that infants, particularly those under six months,
should sleep through the night alone. Due to a having lower
risk for SIDS (as much as by 50%) and being safer than
bed-sharing as an infant’s sleep location, the room-sharing
sleep practice has been recommended as there seems to
be a contradiction about the benefits and hazards of bed-
sharing such as improved breastfeeding versus the possible
risk of death from SIDS (5). Although the rate of bed-
sharing practices was found to be low (12.4%) in this study,
the mothers or parents had a risky attitude and behavior
in deciding on their infants’ sleep locations, surfaces, and
positions regarding SIDS.

Study Limitations

Our analyses had several limitations. This study was
conducted at a University Hospital and in families with
relatively high socioeconomic levels, so our results can only
be generalized for some Turkish families. Further research
is need to reveal more universal parental practices. As the
mothers in our cohort had a high level of education, they
may not be representative of the general community, and
our bed-sharing rates may be lower than those seen in other
studies. The other limitation was that we used a subjective
question about sleep. The mothers were not asked about
their reasons for their bed-sharing choices, which could help
establish a cause-and-effect relationship in some variables.
Also, this study did not assess whether the ages of other
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children in the home had any effect; for instance, whether
experienced parents behave differently. Lastly, the infants’
sleep problems and their mothers’ mode were evaluated
subjectively, without using any scale.

Conclusion

The results of this paper do not support that bed-
sharing results in an increased breastfeeding frequency.
Also, it was found that those infants who slept with
a bed-sharing practice showed no differences regarding
their sleeping/waking features during their sleep time.
Conversely, the lateral sleeping position was more likely
to be implemented in bed-sharing dyads than in room-
sharing dyads. Consequently, bed-sharing has no advantage
over room-sharing during infancy regarding breastfeeding,
frequency of lactation nutrition, sleep patterns, or
comfortable sleep. Considering the potential risk of death,
it might be advocated that an infant’s most preferable
sleeping location/practice is “room-sharing,” especially in
those infants younger than six months.
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Is Dietary Macronutrient Distribution Related to
Serum Lipid Profiles in Children and Adolescents

with Type 1Diabetes?
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ABSTRACT

Aim: The aim of this study was to evaluate the dietary macronutrient distribution affects on serum lipid profiles in type 1 diabetes mellitus (T1D).

Materials and Methods: This cross-sectional study included 82 children and adolescents between the ages of 2 and 18 years with a diabetes age
of >1year. Dietary intake was evaluated by 3-day food diaries, including three consecutive days (two weekdays and one weekend day).

Results: The mean age of the 82 patients with diabetes was 11.6+4.3 years (range: 2-18 years) (45.1% female), the median diabetes duration was
3.4 (2.9) years, the mean HbAI1c level was 7.0+1.4%, and mean body mass index standard deviation score was 0.2+1.1. The median distribution
of energy from carbohydrates, protein and fat in the total energy intake was 50.0% (6.2), 177.4% (2.7) and 32.5% (5.1), respectively. Dietary fiber
intake was inadequate in 64 (77.9%) participants, while for 77 participants (93.9%), saturated fatty acid intake was above the recommended
intake. For children and adolescents with T1D, mean serum cholesterol, triglycerides, low-density lipoprotein, and high-density lipoprotein
levels were 162.9+33.4 mg/dL, 86.2+49 mg/dL, 87.9+29.2 mg/dL, and 60.7+17.9 mg/dL, respectively.

Conclusion: To maintain healthy eating, consuming foods high in saturated fat should be limited, and children and adolescents with T1D should
be supported by their family and healthcare professionals in the consumption of diets high in fiber.

Keywords: Type 1 diabetes, dietary macronutrients intake, children, adolescents

Introduction

Nutritional management is one of the essential
components of type 1diabetes mellitus (T1D) management,
diabetes care and education. It aims to ensure the
continuation of normal growth and development, to develop
lifelong healthy eating habits, to provide optimal glycemic
control, to prevent/delay complications which may develop
due to diabetes, to reduce cardiovascular disease (CVD) risk
factors, and to maintain psycho-social well-being. Current
dietary recommendations for children and adolescents with

T1D reflect guidelines for healthy eating developed for the
general population. Implementation of an individualized
meal plan with prandial insulin adjustments improves
glycemic outcomes (1,2). However, previous studies have
reported that children and adolescents with T1D eat more
atherosclerosis-prone diets than healthy control subjects
and greater dietary quality is associated with more optimal
glycemic control (3-7). This study aimed to evaluate how
dietary macronutrient distribution affects the serum lipid
profiles.
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Materials and Methods

Study Design and Participants

This cross-sectional study included 82 children and
adolescents with T1D between the ages of 2 and 18 years,
with a diabetes age =1 year, followed up in Ege University
between April and December, 2022, and whose serum lipid
profiles were routinely evaluated at a diabetes outpatient
clinic. T1D patients with co-morbidities (celiac disease, cystic
fibrosis, etc.) affecting food consumption and nutrient
intake were excluded from this study.

Anthropometric Evaluation and Metabolic Control

Height was measured to the nearest millimeter using
a Seca 264" stadiometer. Weight was measured unclothed
using an electronic scale to the nearest 100 grams (Desis
Model KW®). Body mass index (BMI) was calculated by the
formula; weight (kg)/height (m?). Standard deviation scores
(SDS) for weight, height, and BMI were calculated according
to age and gender using reference values for Turkish children
and adolescents (8,9). HbATc <7% was defined as good
glycemic control (10).

Food Diary

For each people with diabetes (PwD), dietary intake
was evaluated by 3-day food diaries, consisting of three
consecutive days (two weekdays and one weekend day).
All food and beverages consumed (including dressings)
were recorded by weighing for 3 days. The food diaries were
checked by a diabetes dietician, verified for consistency and
accuracy, and supplementary information was requested
if needed. The analysis included dietary records of snacks
and meals (732 meals, 381 snacks). Total energy intake
(kcal), carbohydrate (energy %), protein (energy %), fat
(energy %), saturated fatty acids (SFAs) (energy %), dietary
cholesterol (mg), and dietary fiber (g/1.000 kcal) intakes
were calculated using the Ebispro for Windows, Turkish
Version (BeBiS 8.2) (Stuttgart, Germany).

Statistical Analysis

Statistical analyses were conducted using the Statistical
Package for the Social Sciences version 25.0 (SPSS Inc.,
Chicago, IL, USA). The level of significance was defined as
p<0.05. Categorical variables were represented as counts
and percentage values. Normal distribution was tested for
quantitative variables. Continuous variables with normal
or skewed distributions are presented as mean (+ SD)
or median (interquartile range). Group differences were
investigated using the independent t-test for normally
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distributed data and the Mann-Whitney U test for skewed
data. Spearman’s correlation coefficients were used to
explore relationships between SFA and dietary fiber intake
with serum cholesterol, triglycerides (TG), low-density
lipoprotein (LDL) and high-density lipoprotein (HDL) levels.
Correlation values of 0.10-0.29 were interpreted as small,
0.30-0.49 as medium, and 0.50-1.0 as large (11).

Ethical Consideration

This study was approved by the Ege University Faculty
of Medicine Clinical Research Ethics Committee (approval
number: 22-4T/13, date: 07.04.2022). The aim of this study
was explained to each participant, and written informed
consent was obtained. This study’s procedures followed the
Declaration of Helsinki.

Results

The mean age of the 82 PwD was 11.6+4.3 years (range:
2-18 years) (45.1% female), the median diabetes duration
was 3.4 (2.9) years, the mean HbAlc was 7.0+1.4%, and
the mean BMI-SDS was 0.2+1.1 (Table 1). Thirty-six percent
of the participants were on insulin infusion pump therapy
(IIPT), 63.4% were on multiple daily insulin injections (MDI)
(>4 daily injections), and all were on carbohydrate counting.
There were no significant differences in age, diabetes
duration, HbA1c levels, height, weight and BMI-SDS, insulin
requirements, and the number of meals/snacks per day
between gender and treatment models (MDI and IIPT)
(Table I). Fifty-four percent of PwD met the target HbAlc for
good glycemic control (HbAlc <7%).

The median distribution of energy from carbohydrates,
protein and fat in total energy intake was 50.0% (6.2),
17.4% (2.7) and 32.5% (5.1), respectively, and these were in
line with international recommendations (1). There were no
differences in nutrient intakes between the genders (Table
I). The median fiber intake [11.3 (3.6) g/1.000 kcal] was
below, and SFA intake [11.3% (3.6) of energy] was above the
recommendations.

In PwD, dietary cholesterol (<300 mg/day) intakes met
the recommendations, and SFA intakes which should be
<10% of totalenergyintakewasabovetherecommendations.
Seventy-eight percent of participants did not consume the
recommended daily fiber intake (14 g/1.000 kcal). PwD who
met the dietary fiber intake recommendations had a lower
median SFA intake than those who did not have adequate
intake (p<0.001), and a negative large correlation was
found between SFA intake and dietary fiber intake (r=-0.516,
p<0.01).
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Mean serum cholesterol, TG, LDL and HDL levels were
162.9+33.4 mg/dL, 86.2+49 mg/dL, 87.9+29.2 mg/dL, and
60.7£17.9 mg/dL, respectively. Those with adequate dietary
fiber intake (22% of the participants) had lower serum

cholesterol (p=0.041) and TG (p=0.028) levels than those

who did not, and there was no difference between the HDL
and LDL levels of the groups (Table Ill). In addition, there
was a negative medium correlation between serum TG
levels and dietary fiber intake (r=-0.395, p<0.01).

Table I. Baseline characteristics of participants

All Male Female
(n=82) (n=45) (n=37) p-value
Age (years)? 11.6 (4.3) 1.3 (4.0) 11.9 (4.6) 0.547¢
Diabetes duration (years)® 3.4 (2.9) 2.2(3.5) 2.8(4.2) 0.220¢
Diabetes onset age (years)? 8.3(8.5) 8.6 (3.6) 79 (3.7) 0.429¢
Weight -SDS? 0.3(1.2) 0.4(1.2) 0.23(1.3) 0.663¢
Height- SDS* 0.2(1.2) -0.12 (1.37) 0.1(0.9) 0.459¢
BMI-SDS? 0.2(1.7) 0.2 (1.1) 0.2(1.2) 0.843¢
HbAT1c (%)° 7.0 (1.4) 6.9 (1.2) 7.4 (14) 0.634¢
Insulin (U/kg/d) 0.8(0.3) 0.8(0.3) 0.7(0.2) 0.797¢
Basal insulin (%)? 42.9 (13.0) 41.7 (13.0) 44.4 (13.0) 0.344¢
Bolus insulin (%)* 56.9 (13.1) 58.1(13.0) 55.6 (1.3.1) 0.386°
Number of meals per day® 3.0 (0.0) 3.0(0.0) 3.0 (0.0) 0.026¢
Number of snacks per day® 1.6 (2.0) 2.0(2.0) 1.0 (1.0) 0.549¢
*Data are mean (standard deviation), ®Data are median (Interquartile range), ‘Independent sample t-test, Mann-Whitney U test,
p-values refer to the significance of the difference between MDI users and pump therapy users
BMI: Body mass index, HbATc: Glycated haemoglobin, SDS: Standard deviation score, MDI: Multiple daily insulin injections
Table Il. Energy and nutrient intake of participants during the follow-up period
ISPAD recommendations ,(o;‘ll=82) ::I;l:s) ::::1;7[; p-value*

Carbohydrate (energy %) 40-50 50.0 (6.2) 50.0 (4.8) 50.0 (7.5) 0.863
Protein (energy %) 15-25 17.4 (2.7) 17.0 (2.9) 17.7 (2.8) 0.692
Fat (energy %) 30-40 32.5(5.1) 32.4 (4.9) 32.3(5.4) 0.744
SFA (energy %) <10 15.2 (3.5) 15.1(3.9) 15.1(3.7) 0.618
Dietary cholesterol (mg) <300 300.1(142.6) 320 (152.3) 284.0 (174.1) 0.091
Dietary fiber (/1000 kcal) 14 11.3 (3.6) 12.2 (4.4) 11.8 (2.9) 0.150
Data as presented as median (interquartile range),‘Mann-Whitney U test
SFA: Saturated fatty acid, ISPAD: International Society of Pediatric and Adolescent Diabetes
Table Ill. Comparison of serum lipid profile of children and adolescent with T1D according to dietary fiber intake

Adequte dietary fiber intake Inadequate dietary fiber intake .

(n=18) (n=64) p-value
Cholesterol (mg/dL) 151.7+38.2 165.2+30.8 0.124
TG (mg/dL) 102.8+51.5 82.8+51.3 0.148
LDL (mg/dlL) 82.3+34.0 89.4+27.5 0.366
HDL (mg/dL) 58.7+19.6 61.6+17.1 0.546

Data are mean (standard deviation), *Independent sample t-test
p-values refer to the significance of the difference between participants with adequate dietary fiber intake and with inadequate fiber intake
TG: Tryglycerid, LDL: Low density lipoprotein, HDL: High density lipoprotein
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Discussion

This study aimed to analyze the nutrient distribution
of energy intakes and investigate the effects of serum lipid
profiles in children and adolescents with T1D in real-time
settings.

Nutrition management recommendations for children
and adolescents with diabetes reflect guidelines for
healthy eating developed for the general population. The
optimal macronutrient distribution varies depending on the
individualized assessment and metabolic priorities of the
PwD. However, the International Society of Pediatric and
Adolescent Diabetes (ISPAD) gives the following thresholds
as a guide: “carbohydrate intake should be 40-50% of total
daily energy intake, fat intake no greater than 30-40% (SFA
<10%), and protein intake of 15-25%" (1).

In our study, the participants’ carbohydrate, fat, and
protein intakes met the recommended levels of ISPAD
nutritional management of TID guideline (1). However,
our findings regarding low fiber and high SFA in children
with T1D supported previous studies (4,5,12,13). Dietary
factors which raise VLDL and LDL-cholesterol increase the
likelihood of the formation of atherosclerosis in teenagers
and young adults, and the amount of SFA in the diet is one
of the main determinants of plasma LDL cholesterol levels
(14). In our study group, there was no correlation between
dietary SFA intake and serum LDL levels. This can be
explained by the different relationship, reabsorption in the
gastrointestinal system between individuals between and
genetic polymorphisms contribute to the interindividual
variation between dietary fat and serum LDL cholesterol
response (15).

Even though our study data showed no correlation
between dietary SFA intake and serum LDL levels, dietetic
interventions in the clinical setting can focus more
specifically on fiber and SFA intake.

The American Heart Association suggests that children
and adolescents consume a healthy diet which limits SFA
and recommends replacement with polyunsaturated and
monounsaturated fat in order to reduce CVD risk in later life
(16). Medical nutrition therapy of T1D should be provided in
order to prevent and treat co-morbidities including obesity,
dyslipidemia, hypertension, and micro- and macro-vascular
complications.

Study Limitations

This current analysis has strengths and limitations. This
study’s strength was its real-world setting and its energy
and nutrient intake evaluation based on 3-day food diary
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records. The main limitation was its sample size. Additional
evaluations with larger samples should be performed in
order to confirm these results.

Conclusion

These findings associated with the participants’ high SFA
and low fiber intakes have potential implications for clinical
practice and nutritional education. In order to maintain
healthy eating, consuming foods high in SFA should be
limited, and children and adolescents with T1D should be
supported by their families and healthcare professionals
in the consumption of legumes, fruits and vegetables, and
whole grains containing fiber.
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ABSTRACT

Aim: Urinary tract infection (UTI) is one of the most common bacterial infections in children. Empirical treatment is commenced according to
the patient’s characteristics and the antimicrobial susceptibility patterns in the region. Therefore, a determination of antimicrobial resistance
patterns has a great importance in effective treatment. The aim of this study was to determine the pathogens which cause UTIs in patients
admitted to a university hospital in Izmir and to determine their antimicrobial susceptibility pattern.

Materials and Methods: The files of patients aged between 0-18 years, followed up with a diagnosis of UTI, vesicoureteral reflux and neurogenic
bladder in Ege University Faculty of Medicine Paediatric Nephrology Unit between February, 2013 and November, 2018 were retrospectively
reviewed.

Results: A total of 1,126 positive urine cultures from 729 patients (65% female) were included in this study. Gram-negative pathogens
constituted 88.2% of the cultures. Escherichia coli (E. coli) was the most commonly isolated bacteria with a prevalence of 59.1%, followed by
Klebsiella pneumonia with 17.9%, and Enterococcus faecalis with 8.3% (n=93). Ampicillin, cefuroxime and trimethoprim-sulfamethoxazole with
susceptibility rates of 18.6%, 39.6%, 49.0% respectively, constituted the highest resistant antimicrobials to Enterobacteriaceae. Enterococcus
spp. showed the highest resistance to gentamycin with 50% resistance in tested cases. Pseudomonas spp. with 64.3% susceptibility showed the
highest resistance to piperacillin-tazobactam.

Conclusion: This study revealed that bacterial resistance to commonly used antimicrobials in UTl is an important and challenging problem
which requires planning.

Keywords: Antibiotic resistance, antimicrobial resistance, antimicrobial susceptibility, E. coli, paediatric, urinary tract infections, urine culture

Introduction populations, UTl is common in males under one year of age,
whereas it is common in girls above one year of age during
their childhood (2,3). Empirical treatment is commenced
according to the patient’s age, antimicrobial susceptibility
patterns in the region, the clinical condition of the patient

Urinary tract infection (UTI) is the most common
bacterial infection in children under 2 years of age and also
one of the most common bacterial infections in children (1).
Although the numbers vary in studies conducted in different
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and the presence of any underlying diseases (2,4). Therefore,
the determination of antimicrobial resistance patterns by
regional centre studies is of great importance in terms of
effective treatment and the prevention of complications.
The aim of this study was to determine the pathogens which
cause UTIs in patients admitted to a university hospital in
Izmir and to determine their antimicrobial susceptibility
patterns.

Materials and Methods

Patients and Urine Samples

The outpatient clinic files of 729 patients aged between
0-18 years, followed up with a diagnosis of UTI, vesicoureteral
reflux and neurogenic bladder in Ege University Faculty of
Medicine Paediatric Nephrology Unit between February,
2013 and November, 2018 were retrospectively reviewed.
The urine culture results of the patients treated with a
diagnosis of UTI were evaluated. The urine cultures of those
patients who were not considered to be clinically diagnosed
with UTI and were not treated, were excluded from this
study. The diagnosis of UTI was made with positive urine
cultures accompanied by the presence of leukocytes and/
or nitrite and/or leukocyte esterase in the urinalysis. The
significance of the positive urine culture was also evaluated
with the clinical findings in the patient’s file. In those
patients with no urinary control or those who were not
toilet trained, urine samples were collected according to a
standard hygiene protocol via urine bags. Catheterization
or a clean catch method were used in cases of urine
cultures which were thought to be contaminated. The urine
samples were collected mid-stream in those who were toilet
trained. Positive urine culture was accepted as >10° CFU/mL
samples taken with the catheterization method, >10* CFU/
mL with the mid-stream or clean catch in patients with
symptoms, or >10° in those without symptoms (1). All the
information regarding the culture results and antimicrobial
susceptibility for the isolated pathogens was recorded.
Those with intermediate susceptibility to antimicrobials
were included in the resistant group (5). Second urine
cultures from the same patient within one month were not
included in this study. The urine culture results which were
studied in laboratories other than Ege University Faculty of
Medicine Bacteriology Laboratory were not included in this
study.

Ethical Consideration

Ethical approval for this study was obtained from the
Medical Research Ethics Committee of Ege University Faculty
of Medicine (approval no: 22-12.17/16, date: 16.12.2022).

Antimicrobial Susceptibility Tests

The cultures of the urine samples were studied in Ege
University Faculty of Medicine Bacteriology Laboratory of
the Medical Microbiology Department. MALDI-TOF MS
(Matrix Assisted Laser Desorption/lonization Time of Flight
Mass Spectrometry) was used to identify the bacteria. The
antimicrobial susceptibilities of these isolates were
determined by VITEK 2 (bioMerieux, France) and EUCAST
clinical breakpoints were used.

Statistical Analysis

For the evaluation of the study data, the SPSS (Statistical
Package for the Social Sciences, version 22.0 for Windows,
SPSS® Inc., Chicago, IL, USA) statistical analysis program
was used. Frequencies, and means * standard deviations of
the data are provided.

Results

A total of 1,126 positive urine cultures were included in
this study. Two hundred and seventy-four (24.3%) of the
urine samples were taken via urine bag, 762 (67.7%) of them
were obtained via mid-stream with the clean catch method
and 90 (8%) with a catheter. Among the 729 cases, 64.7%
of the samples were obtained from female and 35.3%
from male patients. The mean infection time was 56+53
months. Most of the cultures were gram negative with a
percentage of 88.2% (n=993). Escherichia coli (E. coli) was
the most commonly isolated bacteria with a prevalence of
59.1% (n=666) followed by Klebsiella pneumonia with 17.9%
(n=202), Enterococcus faecalis with 8.3% (n=93), Proteus
mirabilis with 3.2% (n=37), Enterococcus faecium with 2.9%
(n=33) and Pseudomonas aeruginosa with 2.5 % (n=28). The
isolated bacteria and their frequencies are shown in Table I.

Enterobacteriaceae such as Escherichia spp., Klebsiella
spp., Proteus spp., Enterobacter spp., Morganella spp.,
Citrobacter spp., and Serratia spp., were the causative
pathogens in 962 cultures (85.4%) and they constitute most
of the bacteria in this study, followed by Enterococcus spp. in
129 (11.5%), Pseudomonas spp. in 28 (2.5%), Staphylococcus
spp. in 4 (0.4%) and Acinetobacter spp. in 3 cultures (0.3%).

There were 333 cases (29.5%) younger than one year
old, among whom male gender was more prominent with
a ratio of 61.6%. However, the male ratio declined to 24.2%
in cases older than one year old. Enterobacteriaceae are the
most common bacteria, followed by Enterococcus spp. and
Pseudomonas spp. in both sexes.

Ampicillin, cefuroxime and trimethoprim-sulfamethoxazole
with susceptibility rates of 18.6%, 39.6%, and
49.0% respectively, saw the highest resistance with
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Table I. The frequency of isolated bacteria in culture positive patients
Microorganism No of subtypes % n=1126 %
E. coli 666 59.1 Escherichia spp. 666 59.1
Klebsiella pneumoniae 202 17.9

Klebsiella spp.
Klebsiella oxytoca 7 0.6 209 18.6
Enterococcus faecalis 93 8.3
Enterococcus faecium 33 2.9

Enterococcus spp. 129 1.5
Enterococcus raffinosus 2 0.2
Enterococcus avium 1 0.1
Proteus mirabilis 37 3.2

Proteus spp. 44 3.9
Proteus vulgaris 7 0.6
Pseudomonas aeruginosa 28 2.5 Pseudomonas spp. 28 2.5
Enterobacter cloacae 13 1.2

Enterobacter spp. 18 1.6
Enterobacter aerogenes 5 0.4
Morganella morganii 16 1.4 Morganella spp. 16 1.4
Citrobacter freundii 6 0.5

Citrobacter spp 8 0.7
Citrobacter amalonaticus 2 0.2
Staphylococcus aureus 2 0.2

Staphylococcus spp. 4 0.4
Coagulase negative staphylococcus 2 0.2
Acinetobacter baumanii complex 3 0.3 Acinetobacter spp. 3 0.3
Serratia marcescens 1 0.1 Serratia spp. 1 0.1

Enterobacteriaceae. The antimicrobials with the highest
susceptibility in this group were meropenem, imipenem
and ertapenem with rates of 99.2%, 97.1% and 96.1%
respectively. The antimicrobial susceptibility rates of
microorganisms according to extended-spectrum beta-
lactamase positivity are shown in Table II.

Enterococcus spp. showed the highest resistance to
gentamycin with 50% resistance in tested cases. None
of the tested cases showed resistance to vancomycin or
linezolid. Pseudomonas spp. with 64.3% susceptibility,
showed the highest resistance to piperacillin-tazobactam.
With a rate of 96.4%, Pseudomonas spp. showed the highest

Table Il. In vitro antimicrobial resistance patterns of Enterobacteriaceae to common antimicrobial agents according to ESBL positivity

% Antimicrobial susceptibility of isolated microorganisms
Enterobacteriaceae | Escherichia spp. Klebsiella spp. Proteus spp.
n=962 n=666 n=209 n=44
Antimicrobial agent n=340 ‘ n=622 n=246 ‘ n=420 n=85 ‘ n=124 | n=2 ‘ n=42
Total 90.8 96.8 83.6 54.5
Nitrofurantoin ESBL+ ‘ ESBL- | 928 ‘ 89.7 96.1 ‘ 97.2 87.0 ‘ 804 | 50.0 ‘ 54.8
Total 18.6 253 0.0 20.5
Ampicillin ESBL+ ‘ ESBL- |15 ‘ 281 16 ‘ 391 0.0 ‘ 0.0 50.0 ‘ 19.0
Total 61.2 614 64.1 79.5
Amoxicillin-Clavulanate ESBL+ ‘ ESBL- | 374 ‘ 74.5 3438 ‘ 771 447 ‘ 77.6 100.0 ‘ 78.6
Total 614 63.7 46.9 97.7
Piperacillin-Tazobactam ESBL+ ‘ ESBL- | 40.9 ‘ 72.9 443 ‘ 75.2 29.4 ‘ 592 | 100.0 ‘ 97.6
Total 39.6 44.2 225 79.5
Cefuroxime ESBL+ ‘ ESBL- | 3.2 ‘ 59.8 37 ‘ 68.8 12 ‘ 368 | 50.0 ‘ 81.0
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Table Il. Continued
% Antimicrobial susceptibility of isolated microorganisms
Enterobacteriaceae | Escherichia spp. Klebsiella spp. Proteus spp.
n=962 n=666 n=209 n=44

Total 432 4511 263 69

Ceftriaxone ESBL+ ‘ ESBL- |29 ‘ 65.4 2 ‘ 70.4 47 ‘ 416 50.0 ‘ 90.5
Total 90.9 91.5 88.4 100.0

Cefixime ESBL+ ‘ ESBL- | 825 ‘ 95.5 84.5 ‘ 955 77.9 ‘ 96.2 | 100.0 ‘ 100.0
Total 85.9 86.3 823 93.2

Amikacin ESBL+ ‘ ESBL- | 76.2 ‘ 911 77.5 ‘ 914 71.8 ‘ 89.7  [100.0 ‘ 92.9
Total 68.0 67.7 65.6 70.5

Gentamycin ESBL+ ‘ ESBL- | 47.6 ‘ 79.0 463 ‘ 80.0 50.6 ‘ 769 | 50.0 ‘ 714
Total 49.0 50.0 421 36.4

Trimethoprim-

Sulfamethoxazole ESBL+ | ESBL- | 29.7 59.5 29.9 61.7 223 56.2 50.0 357
Total 97.1 100.0 95.7 70.5

Imipenem ESBL+ ‘ ESBL- | 98.5 ‘ 96.3 100.0 ‘ 100.0 100.0 ‘ 928 |00 ‘ 73.8
Total 99.2 100.0 96.6 100.0

Meropenem ESBL+ ‘ ESBL- | 997 ‘ 98.9 100.0 ‘ 100.0 100.0 ‘ 94.4 100.0 ‘ 100.0
Total 96.1 98.5 88.9 100.0

Ertapenem ESBL+ ‘ ESBL- | 95.6 ‘ 96.6 97.5 ‘ 99.3 91.8 ‘ 87.1 100.0 ‘ 100.0

ESBL: Extended-spectrum beta-lactamase

susceptibility to imipenem and meropenem. The in vitro
antimicrobial susceptibility rates of Pseudomonas spp. to
common antimicrobials are shown in Table III.

Table lll. Antimicrobial susceptibility rates of Pseudomonas spp.
% Antimicrobial susceptibility

Antimicrobials Pseudomonas spp.
n=28

Piperacillin-Tazobactam 64.3

Amikacin 89.3

Gentamycin 89.3

Imipenem 96.4

Meropenem 96.4

Ciprofloxacin 89.3

Ceftazidime 89.3

Cefepime 89.3

Discussion

Bacterial resistance is an important challenging problem
in UTI. Antimicrobial-resistantinfections have been predicted
to reach 10 million lives per year by 2050 (6). Especially in the

paediatric population, antimicrobial prescriptions are higher,
mostly in cases of over-diagnosed viral upper respiratory
infections. If paediatricians have a symptomatic child with
a positive urinalysis, it is inevitable to start the initial
treatment of acute UTI without obtaining culture results
(6-8). Certainly, early diagnosis and proper treatment is
important, not only to prevent complications such as renal
abscess or septicaemia, but also it is crucial to avoid renal
scarring, and even renal failure (9). Additionally, the loss of
schooltime as well as the loss of parental worktime are the
indirect costs which cannot be underestimated (10,11).

The increment in the resistance to common
antimicrobials, especially in paediatric uropathogens, has
led to challenges due to the more difficult treatment of UTI
over time (9). Antimicrobial resistance has variabilities such
as geographic differences in bacterial patterns and local
antimicrobial prescription practices (7,12-14).

The frequency of E. coli has been reported as having a
wide range in the literature. Rai et al. (15) reported E. coli
at a very high level of 93.3%. We also found that E. coli was
the most common organism isolated with 59.1%, which
was quite low compared to their paper. Other studies such
as Akram et al. (16) reported a lower prevalence (21.4%) of
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E. coli. E. coli is reported as the most common pathogen
in those studies conducted in the adult population. While
the prevalence of E. coli in UTI was reported as 50% in a
multicentre study conducted in China, in a meta-analysis
conducted in Iran, the most common pathogen causing UTI
was reported to be E. coli with a frequency of 62% (17,18).
Catal et al. (12) demonstrated an increasing rate of Klebsiella
spp. in urine cultures between 2000 and 2006, with rates
of 7.2% and 18%, respectively. Gunduz and Uludag Altun
(19) reported the Klebsiella spp. rate to be 14.9%. In this
study, we have a higher rate (18.6%) of Klebsiella spp.
Unfortunately, non-E. coli pathogens are more resistant
to most antimicrobial agents. Therefore, those patients
with Klebsiella spp. needed hospitalization and parenteral
antibiotic therapy also increases the treatment costs (20).

The current American Academy of Pediatrics guideline
suggests giving oral or parenteral antimicrobials for 7-14
days for the management of UTls in febrile infants and young
children. Ceftriaxone, cefotaxime, ceftazidime, gentamicin,
tobramycin, and piperacillin are the drugs of choice for
parenteral therapy; amoxicillin-clavulanate, sulfonamide
(trimethoprim-sulfamethoxazole or sulfisoxazole), or
cephalosporin (cefixime, cefpodoxime, cefprozil, cefuroxime
axetil, or cephalexin) are recommended as oral agents for
treating UTI (7,8). For an antimicrobial to be considered as
a first-line empirical treatment for UTI, resistance should
not exceed 20% (13). In a meta-analysis conducted by
Bryce et al. (14), this threshold was reached for many first-
line antimicrobials used for paediatric E. coli UTls. In most
countries, half of all isolates were resistant to ampicillin, 1/3
to co-trimoxazole, and 1/4 to trimethoprim. This supports
the increased risk of E. coli resistance to that particular
antimicrobial due to previous antimicrobial usage (14). In
our study, we also had similar resistance results with the
exception of increased rates to cefuroxime. Our results
showed the first resistance rates to ampicillin, cefuroxime,
and trimethoprim-sulfamethoxazole, which have the
highest resistance for Enterobacteriaceae, with resistance
rates of 81.4%, 58.8% and 51.0% respectively.

Gunduz and Uludag Altun (19) reported lower resistance
rates of E. coli to ampicillin, co-trimoxazole, ceftriaxone,
amikacin, amoxicillin-clavulanate and the same resistance
rates for gentamicin, nitrofurantoin, and ciprofloxacin in
comparison to Bryce's meta-analysis. Al Benwan and Jamal
(21) also showed that approximately 62% of E. coli and 77%
of non-Coliform bacteria were resistant to ampicillin, similar
to our study. Dejonckheere et al. (22) also reported that
resistance to amoxicillin-clavulanic acid for E. coli strains
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had increased from 16% to 36% (2015-2019) over the last
20 years. They pointed out that the problem of increasing
antimicrobial resistance to antimicrobials commonly used
in UTls is a growing health problem (22). Although it is
known that in vivo antibiotic responses are important in
the treatment of UTI, it is thought that the development of
in vitro antimicrobial resistance may pose a risk for in vivo
responses in the coming years.

Study Limitations

The retrospective nature of this study is its limitation.

Conclusion

This study, in line with the literature, shows that
resistance to commonly used antimicrobials is still very
important. This highlights the necessity of planning in this
regard.
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ABSTRACT

Aim: Tooth discoloration is a common clinical finding which is considered primarily as an aesthetic problem. Black stain (BS) is a specific
type of extrinsic tooth discoloration mostly seen in children, but also in adults and it is not dependent on gender. The present study aimed to
investigate the relationships between the presence of BS and dental caries incidence, dental plaque scores and to examine the colonization
of Streptococcus mutans, Lactobacillus spp., Actinomyces spp. and Capnocytophaga spp. in dental plaque samples with or without BS. The
socioeconomic status of the family, the oral hygiene and dietary habits of the children, and the medical and dental history of the children were
also compared between the two groups.

Materials and Methods: A total of 1000 children aged 3-12 years were evaluated to take part in this study. From this group, those children with
BS (n=44) were selected as the study group. With the same number as the study group, and with a same age and gender profile, 44 children
without BS were selected as a control group. Dental examinations including the presence of BS, dental caries incidence and dental plaque scores
were performed by the same investigator. Structured questionnaires were completed by the parents. The levels of S. mutans, Lactobacillus spp.,
Actinomyces spp. and Capnocytophaga spp. were determined from dental plaque samples. All data were analyzed by SPPS 25.0 using Student'’s
t-test, the Mann-Whitney U, Fisher’s exact and the chi-squared tests.

Results: BS was detected in 4.4% of the patients in the present study. DMFT and DMFS scores were significantly lower in those children with BS
than in those without BS (p=0.001 and p=0.010). However, no statistically significant difference was found between dmft and dmfs scores and
the presence of BS (p>0.05). Lower numbers of S. mutans and Lactobacillus spp. and greater numbers of Actinomyces spp. and Capnocytophaga
spp. were found in those children with BS. There was no statistically significant relationship between S. mutans and Actinomyces spp. and the
presence of BS (p>0.05). Colonizations of Lactobacillus spp. were statistically significantly lower, while colonizations of Capnocytophaga spp.
were significantly higher in the BS group than in the control group (p<0.05).

Conclusion: It could be suggested that the different microbial composition of BS might be associated with lower caries experiences in affected
subjects.

Keywords: Black stain, extrinsic, microbiology, dental caries

Introduction etiology, appearance, composition, location and degree of
Tooth discoloration is a common clinical finding which adherence (1). According to its location, it is divided into
is considered primarily as an aesthetic problem. It can be three groups, namely intrinsic, extrinsic or internalized
influenced by many different factors and usually differs in stains. Intrinsic stains occur when the pigmented material
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penetrates into the tooth structure. Extrinsic stains are
inserts on the tooth surface or on the acquired pellicle.
Internalized stains are formed by the inclusion of extrinsic
stains on the tooth surface together with tooth development
(2,3).

Black stain (BS) is a characteristic extrinsic discoloration
which is defined as a dark line or incomplete coalescence
on the tooth surface following the gingival margin in the
cervical third of the tooth. BS is a common finding in
children; however, it can also be seen in adults. Studies have
shown equal prevalence in both sexes. The prevalence of
BS varies between 1.6% and 21% because of the unspecified
criteria used for diagnosis and the different populations
included in studies (4-6).

Black tooth stains are considered as a dental plaque
form which contains insoluble iron salt and high calcium
and phosphate content. BS material is a ferric sulfate
formed by the interaction of iron in saliva or gingival
fluid with hydrogen sulfide produced by bacteria in the
periodontal ligament (1,2,4).

Dietary habits may also play a role in its etiology. The
consumption of vegetables, fruits, dairy products, eggs, and
soy sauce promotes BS development. Drinking tap water
instead of bottled mineral or natural spring water also
seems to be associated with higher prevalences of BS (4).

Gram-positive rods and chromogenic bacteria have often
beenfoundtobeassociated withBS(1,2). Interms of microbial
diversity and abundance, Actinomyces, Cardiobacterium,
Haemophilus, Corynebacterium, Capnocytophaga, Tannerella
and Treponema spp. levels were higher in those children
with BS than in those without BS (2,4).

Most of the authors showed that the presence of BS
is associated with a lower caries experience. The causative
factors of BS are not fully understood. Certain types of
bacteria seem to beinvolved inits etiology. It is not clear how
the presence of BS on the tooth surface reduces susceptibility
to caries. The relationship between the presence of BS in
children and their experience of low dental caries has made
the characterization of factors which contribute to the
formation and nature of BS more important. When studies
on the etiology of caries are examined independently from
BS, it is noteworthy that there is an inverse correlation
between cariogenic Streptococci and Capnocytophaga spp.
Oral Capnocytophaga might prevent the proliferation of
certain caries-causing organisms such as S. mutans (7,8).

However, despite this inhibitory activity, the relationship

between the presence of Capnocytophaga spp.andthe low caries
indices of children with BS has not been investigated to date.

Although BS does not cause any pathology, treatment is
usually carried out for aesthetic reasons. The professional
polishing process on the tooth surface eliminates the BS of
the teeth, but these stains can re-occur over time.

The aim of this study was to evaluate the prevalence
of black tooth stain among children aged 3-12 years who
applied for routine dental examination and to determine
any relationship between the presence of BS and dental
caries incidence, dental plaque scores and to examine the
colonization of Streptococcus mutans, Lactobacillus spp.,
Actinomyces spp. and Capnocytophaga spp. in dental plaque
samples with or without BS. The socio-economic status
of the families, the oral hygiene and dietary habits of the
children, and the medical and dental history of the children
were also compared between the two groups.

Materials and Methods

A total of 1000 children aged 3-12 years who applied to
the Department of Pedodontics, Ege University Faculty of
Dentistry, for routine dental examination were enrolled in
this study. From this group, those children with BS (n=44)
were selected as the study group. With the same number as
the study group, and with the same age and sex profile, 44
children without BS were selected as a control group. Ethical
approval was obtained from the Ege University Faculty of
Medicine Clinical Research Ethics Committee (approval no:
17-4/18, date: 20.04.2017) and written informed consent was
acquired from each parent. The parents were interviewed
based on a structured questionnaire including questions on
the socio-economic status of the family, the oral hygiene
and dietary habits of the children, and the medical and
dental history of the children.

Those children who had taken antibiotic therapy within
the 3 months prior to the dental plaque sampling and those
children with any systemic disease were not included in this
study.

Dental Examination

The presence and grading of BS, dental caries incidence
and dental plaque scores were recorded by the same
pediatric dentist (G.I.). The dental examinations of the
children were conducted under natural light with the aid
of a dental mirror and explorer. The dental caries scores
were recorded according to World Health Organization
criteria using DMFT/DMFS and dmft/dmfs indices (9). All
of the children were classified according to their DMFT/
dmft scores; Group-1: caries active (dmft+DMFT>1), Group-
2: caries-free (dmft+DMFT=0). The dental plaque scores
were recorded according to the Sillness and Lée (10) index.
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The BS scores were classified according to the work of
Gasparetto et al. (8).

The classifications of Gasparetto et al. (8):

Score 1: Presence of pigmented dots or thin lines with
incomplete coalescence parallel to the gingival margin

Score 2: Continuous pigmented lines, which are easily
observed and limited to half of the cervical third of the
tooth surface

Score 3: Presence of pigmented stains extending beyond
half of the cervical third of the tooth surface.

Dental Plaque Sampling

Dental plaque samples from those children with BS
(study group) and those without BS (control group) were
taken. The sampling was performed 2 hours after breakfast
between 9.00-11.00 a.m. The dental plaque samples were
gently collected with a sterile dental curette and placed into
Eppendorf tubes containing Stuart transport medium. All
Eppendorf tubes were weighed before and after sampling
(Ohaus, Adventurer, AR3130). The samples were transferred
to a laboratory on ice. All microbiological procedures were
performed at Ege University Faculty of Science, Department
of Basic and Industrial Microbiology Department Laboratory.

Isolation and Identification of Microorganisms

The plaque samples were dispersed in a vortex mixer in
order to obtain a homogeneous suspension and cultivated
on selective VCAT medium (Oxoid) for Capnocytophaga
spp., mitis salivarius agar (Difco) with 15% sucrose (Difco)
and 0.2 units/mL of bacitracin (Sigma, Sigma-Aldrich Co., St
Louis, MO, USA) for S. mutans, MRS Agar was used for the
isolation of Lactobacilli spp. and Actinomyces Selective Agar
was used for the isolation of Actinomyces spp.

All of the plates were incubated for 2-5 days at 37 °Cin
8% CO,. Suspected colonies were counted, and two bacterial
isolates were recovered from each of the cultivation media
for the identification and verification of the isolates.
Suspected Capnocytophaga colonies were then transferred
to McConkey agar plates and incubated under the same
conditions. The identification of the representative isolates
were performed using the VITEK Il identification system
(Biomerioux, France) in addition to microscopic and cultural
examinations. VITEK NH card panels (Biomeérieux) and
VITEK GP Card panels were used for the identification of
Capnocytophaga spp. and S. mutans isolates, respectively.

Statistical Analysis

All data were analyzed by SPPS 25.0 (SPSS Statistics
for Windows, Armonk, NY: IBM Corp.). In the analysis of
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data, the t-test and Mann-Whitney U test were used for
the comparison of the two groups. Categorical data were
analyzed by Fisher’s exact test and the chi-squared test. For
the significance level of the tests, p<0.05 and p<0.01 were
accepted.

Results

In this study, 480 girls and 520 boys aged between 3-12
years who attended the clinic for routine dental examination
were evaluated. From these 1000 children, BS was detected
in 44 children (4.4%) and this group was categorized as
the study group. The control group (n=44) was randomly
selected from the same group with the same age and
gender profile.

No statistically significant relationship was found
between the presence of BS and gender, sex and the plaque
scores (p>0.05).

No statistically significant relationship was found
between socio-economic factors (education levels of the
mother and father, family income) and the presence of BS
(p>0.05).

No statistically significant relationship was found
between medical history (systemic disease, drug usage,
vitamin intake, breastfeeding and formula intake in infancy)
and the presence of BS (p>0.05).

No statistically significant relationship was found
between dental history (previous dental visits, previous
dental treatment, tooth brushing habits, usage of
toothpaste, fluoride content of the toothpaste, professional
fluoride applications) and the presence of BS (p>0.05).

No statistically significant relationship was found
between dietary habits (eating before sleeping, keeping
food in the mouth, the number of main and intermediate
meals, drinking water source, frequency of the consumption
of milk, yogurt, buttermilk, probiotics, meat, chicken,
fish, eggs, vegetables, fruit, bread, biscuits, wafers and
chocolates) (p>0.05). A negative correlation was found
between the presence of BS and fizzy drink consumption
(p=0.035).

The caries scores of those children with or those without
BS is presented in Table I. DMFT and DMFS scores were
lower in those children with BS than in those without BS
and this relation was statistically significant (p=0.001 and
p=0.010). However, no statistically significant difference
was found between the dmft and dmfs values and the
presence of BS (p>0.05) (Table I).



ilgen et al.
Etiology of Black Tooth Stain

Bacterial counts are shown in Table Il. A lower number
of S. mutans and Lactobacillus spp. and a greater number
of Actinomyces and Capnocytophaga spp. were found in
those children with BS. However, there was no statistically
significant relation between S. mutans and Actinomyces
spp. and the presence of BS (p>0.05). The colonizations of
Lactobacillus spp. were statistically significantly lower while
the colonizations of Capnocytophaga spp. were significantly
higher in the BS group than in the control group (p<0.05).
No significant relationship was found between the caries
scores and colonizations of S. mutans, Lactobacillus spp.,
Actinomyces and Capnocytophaga spp. (p>0.05).

Table I. The relationship between the presence of black tooth
stain and caries index scores

BS (-) BS (+) p-value
Average | SD Average | SD
DMFT 2.67 2.98 0.89 143 0.001*
dmft 4.60 4.23 3.86 3.83 >0.05
DMEFS 4.65 6.31 2.23 4.25 0.01*
dmfs 10.74 9.60 7.95 8.59 >0.05

*p<0.05 Statistically significant
SD: Standard deviation, BS: Black stain

Table Il. The relationship between the presence of black tooth
stain and microorganism

CFU/mL BS (-) BS (+) p-value

S. mutans 6.8x10°+1.0x10° 4.3x10°+1.8x10°> | >0.05

Lactobacillus spp. | 1.1x10°+8.0x10* 4.0x10*+£2.0x10* | 0.002*

Actinomyces spp. | 2.0x107+1.1x107 2.4x107+1.7x107 | >0.05

Capnocytophaga
spp.

4.2x10°+2.3x10° 2.2x10°+1.3x10° 0.01*

*p<0.05 Statistically significant
BS: Black stain

Discussion

Tooth discoloration is a common dental finding and it is
associated with clinical and esthetic problems. The clinical
diagnosis of BS is based on the presence of pigmented
dark lines parallel to the gingival margin or an incomplete
coalescence of dark dots rarely extending beyond the
cervical third of the crown (1-3).

The prevalence of BS ranges from 1.6% to 21% in the
literature (4-6). The prevalence of BS was found to be 4.4%
(n=44/1000) in the present study. The differences in the
prevalences of BS between studies may be due to differences

in age, diet and oral hygiene habits, microbiological
differences and diagnostic criteria and also the quantitative
characteristics of the groups.

In this study, no statistically significant relationship was
found between gender and black tooth stain prevalence.
Garcia Martin et al. (11), Akyltz et al. (12), Chen et al. (6),
and Franca-Pinto et al. (13) also did not find any relationship
between gender and black tooth stain.

In the present study, there was no statistically significant
difference between the socio-demographic factors and the
presence of black tooth stain, dental caries and dental
plaque scores (p>0.05). Akyiz et al. (12) also did not find
any relationship between the socio-demographic factors
and the presence of BS. Chen et al. (6) reported a negative
correlation between the education levels of the parents and
the presence of BS.

No statistically significant correlation was found
between the medical and dental history of the children
and the presence of BS (p>0.05). The results of the study
of Chen et al. (6) were also in accordance with our findings.
They did not report any significant correlation between the
systemic disease and drug usage and the presence of BS.

It has been reported that dietary habits may also play a
role in the etiology of BS. The consumption of vegetables,
fruits, dairy products, eggs, and soy sauce promotes BS
development. No significant correlation was detected
between dietary habits and the presence of BS in the
present study (p>0.05). A positive correlation was detected
between the consumption of fizzy drink and the presence
of BS (p=0.035). Children who had been fed with formula
during infancy tend to have higher BS occurrence (6,11).
No significant correlation was found between feeding with
formula during infancy and the presence of BS in the
present study (p>0.05). Drinking tap water instead of
bottled mineral or natural spring water also seems to be
associated with a higher prevalence of BS (13). No significant
correlation was found between the source of drinking water
and the presence of BS in the present study (p>0.05). The
content of the formula and tap water might explain the
different results of these different studies.

The DMFT and DMFS scores in those children with BS
were lower than in those without BS and this relationship
was found to be statistically significant in the present study
(p=0.001 and p=0.010). However, there was no statistically
significant relationship between dmft and dmfs scores
and BS (p>0.05). Most of the authors have shown that the
presence of BS is associated with a lower caries experience.
It has been assumed that the presence of BS is associated
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with a predominance of Actinomyces spp.. Immunological
studies and investigations on bacterial adhesion found
that high levels of Actinomyces naeslundii in biofilms on
teeth correlated with lower caries experiences and lower
Streptococcus mutans adhesion. This may explain from
another perspective why those children with BS had lower
caries prevalences (3,14).

A lower number of S. mutans and Lactobacilli spp. and
a greater number of Actinomyces spp. were found in those
children with BS. There was no statistically significant
relationship between S. mutans and Actinomyces spp. and
the presence of BS (p>0.05). However, the relationship
between Lactobacilli spp. and BS was statistically significant
(p=0.002). No significant relationship was found between
the caries scores and colonization of S. mutans, Lactobacilli
spp. and Actinomyces spp. (p>0.05).

It has been reported that those children with BS have a
lower caries incidence, but the cause of this phenomenon is
still not fully understood. The thin black-brown lines on the
teeth were observed and it has been suggested that thisis a
sign for a low caries index (3,8). Many other recent studies
also support an inverse relationship between BS and tooth
caries (5,7,8).

Capnocytophaga spp. are prevalent members of the
BS microbiota but their role in the etiology of BS or their
relation between the low caries frequency in children with
BS has not been investigated yet. Capnocytophaga spp.
can produce bacteriocins which can inhibit the growth of
other bacteria including oral Streptococci which cause caries
(15,16).

A lower caries index was found in those children with
BS in the present study. Capnocytophaga spp. levels were
statistically higher in those children with BS (p=0.01).
Although Capnocytophaga members themselves are
opportunistic pathogens, they can show an antagonist
activity against persistent S. mutans, and thus, may reduce
the caries index. Furthermore, co-aggregation studies
between Streptococcus spp. and Actinomyces spp. showed
that the interbacterial adhesion between these two bacteria
improved earlier dental plaque biofilm formation. Earlier
colonizers provide specific binding sites for other bacteria
and can improve biofilm progress directly or by the saliva
glycoproteins which bind to the pioneer organisms (17).
Capnocytophaga members also exhibits a co-aggregation
property, this co-aggregation may also prevent the
attachment of persister S. mutans to the BS. Consequently,
the Capnocytophaga abundance in BS may affect S. mutans
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cells through proposed or unknown mechanisms and
prevent caries progress.

Study Limitations

In the present study based on 1000 children, BS
was detected in 44 children (4.4%). The microbiological
evaluation was determined in these patients alone. Further
studies with a larger number of subjects may support our
results.

Conclusion

Capnocytophaga spp. levels in children with BS were
significantly higher when compared to the control group.
Higher levels of Capnocytophaga directly or indirectly
may prevent caries formation. This should be clarified by
further studies which can reveal whether S. mutans in
children with BS are persisters or whether Capnocytophaga
members actually inhibit the proliferation of S. mutans. The
identification of Capnocytophaga isolates at species level
with metagenomic studies may also contribute to identify
this link.
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Evaluation of Electrocardiographic Changes in
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ABSTRACT

Aim: Gonadotropin-releasing hormone analogs (GnRHa) are standard medical treatments for precocious puberty. Studies on their side effects
in adults have shown that these drugs can cause changes in electrocardiography (ECG), along with some cardiovascular effects; however, the
number of studies on children is limited. This study investigated the effects of these drugs on ECC parameters in children diagnosed with central
precocious puberty (CPP).

Materials and Methods: This prospective study included 44 girls who were initiated GnRHa treatment and diagnosed with CPP. ECC was
performed before treatment and repeated after 6 months of treatment.

Results: The mean age of the children was 9.13+1.55 years. Leuprolide acetate (3.75 mg IM) was administered to all of the patients following the
standard protocol. A comparison of the pre-treatment and 6-month ECG parameters revealed a prolonged QT interval after treatment, with a
statistically significant difference (p<0.001). There were no significant differences in the pre- and post-treatment values of PR, QRS, QT interval,
QTc interval, QT dispersion, or QTc dispersion (p>0.05).

Conclusion: Despite a significant increase in QT interval on ECG with GnRHa compared to pre-treatment ECGs, this increase was attributed to
a variability in heart rate. Even if regular ECG monitoring is considered after initiation of GnRHa treatment, they are believed to be safe drugs
in children.

Keywords: ECG, GnRH agonist, precocious puberty, QT, QTc, QT dispersion, QTc dispersion

Introduction maturation of the breast bud and pelvic hair in girls and
maturation of the testicles, penis, and pubic hair in boys.
While CPP is idiopathic in 80-90% of girls, intracranial
lesions are identified in 40-75% of boys with CPP (1,2). If

necessary, the progression of puberty in CPP can be halted

Precocious puberty is defined as the onset of secondary
sexual development before 8 years of age in girls and 9

years of age in boys, and its treatment depends on its

underlying cause. Central precocious puberty (CPP) results
from the premature maturation of the hypothalamic-

pituitary-gonadal axis. It is characterized by sequential

by administering gonadotropin-releasing hormone analogs
(GnRHa). GnRHa acts by providing sustained stimulation
to the pituitary gonadotropes rather than physiological
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GnRH Analogs and Electrocardiographic Changes

pulsatile stimulation from hypothalamic GnRH. This results
in the continuous stimulation of gonadotroph cells and
leads to desensitization and suppression of gonadotropins.
This results in a decrease in sex steroid production, which
is called the suppression of the pituitary-gonadal axis
(3). There are different pharmacological forms of GnRHa,
including triptorelin, leuprolide, buserelin, nafarelin, and
goserelin. In Turkey, only leuprolide is within the scope of
reimbursement; therefore, this single agent is used for
patients. There are two forms of leuprolid acetate: once
every 4 weeks and once every 3 months (4).

The risk of GnRHa treatment causing a prolonged QT
interval was reported during the treatment of men with
prostate cancer, and it was suggested to be associated
with changes in circulating testosterone concentrations
(5). There have been no reports of prolonged QT intervals
in women using GnRHa (6). In the current literature, the
GnRHa reported to increase the risk of a prolonged QT
interval are leuprolide and degarelix (7). However, it remains
unclear whether this is a class effect and may indicate an
increased risk for other GnRHas. Among the conditions
treated with GnRHa in pediatrics, gender dysphoria in
adolescent males is the clinical condition most similar to
that in which the risk of prolonged QT interval with GnRHa
has been reported (8). The number of pediatric studies in
this field is limited.

This study aimed to evaluate the effects of GnRHa on
electrocardiogram (ECG) parameters in girls diagnosed with
precocious puberty.

Materials and Methods

This was a prospective study which included 44 girls
who presented to the Adana City Training and Research
Hospital, Clinic of Pediatric Endocrinology between April,
2020 and December, 2021, and who were initiated on the
treatment of GnRH agonist with a diagnosis of CPP. Ethical
approval for this study was obtained from the Clinical
Research Ethics Committee of Adana City Training and
Research Hospital (approval no: 1459, date: 17.06.2021).
This study was initiated after obtaining written consent
from all the participants and/or their families. The inclusion
criteria were girls followed up with a diagnosis of idiopathic
central precocious puberty and treatment with GnRHa
(leuprolide acetate) 3.75 mg/28 days. In this tertiary
center, 200 girls are diagnosed with CPP annually. The
diagnosis was based on breast budding before 8 years of
age, stimulated (LHRH test) LH level >5 IU/L, supported by
bone age and pelvic ultrasonography. Serum LH and FSH
concentrations were measured using an immunochemical

assay, and dehydroepiandrosterone sulfate and T levels
were measured using a radioimmunoassay (Ria) (Diagnostic
Products Corporation, Los Angeles, CA, USA). Estradiol
levels were measured using an immunoassay (Siemens
Centaur XP).

The exclusion criteria were an existing congenital heart
disease with hemodynamic effects, arrhythmia, the use
of other drugs which can change ECG parameters, and
abnormal admission ECC. A standard 12-lead ECG study
was performed at 25 mm/s and 10 mm/mV, measured
manually by a single pediatric cardiologist, and interpreted
by a specialist. ECG was performed before treatment in
patients whose diagnosis was confirmed after hormonal
and biochemical evaluations. The ECG examination was
repeated at 6 months of treatment in those patients who
regularly used the treatment. While puberty examination
and laboratory values were evaluated by the Department
of Pediatric Endocrinology, the ECG parameters were
determined blindly by the same pediatric cardiologist. Age
at diagnosis, GnRHa (leuprolide acetate) administration,
the prescribed dose, and any history of other diseases or
medications were recorded on a pre-prepared form. This
study was conducted in accordance with the principles of
the Declaration of Helsinki.

The QT interval was measured from the beginning of
the QRS complex to the end of the T wave on the ECG.
QT dispersion was calculated by measuring the distance
between the longest QT interval (QTmax) and the shortest
QT interval (QTmin) on the ECG. The corrected QT interval
as a function of heart rate was calculated using Bazett's
formula (QTc=QT/+/RR) and was defined as the corrected
QT (QTc). QTc dispersion was measured by calculating the
difference between the longest QTc (QTc max) and the
shortest QTc (QTc min).

Statistical Analysis

The Statistical Package for the Social Sciences software
(version 26.0) was used for the statistical analysis of
the data. Categorical measurements are summarized as
numbers and percentages, and continuous measurements
as means and standard deviations (median, minimum-
maximum, and Q1-Q3) where necessary. The Shapiro-Wilk
test was used to determine whether the parameters in this
study were normally distributed. A paired-sample t-test
was used for normally distributed parameters and Wilcoxon
signed-rank tests were used for non-normally distributed
parameters. A multivariate linear regression model was
used to determine the contribution of the independent
variables to the variance of the dependent variable. The
statistical significance level was set as 0.05.
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Results

Forty-four girls with a mean age of 8.99+1.53 years were
included in this study. The clinical characteristics of all the
participants are summarized in Table I. All patients were
initiated on an intramuscular injection of leuprolide acetate
3.75mg/28 days as GnRHa. The mean GnRHa was 112.9+33.0
ug/kg.

The comparison of the pre-treatment and 6-month ECG
parameters of the patients revealed a prolonged QT interval
and a lower pulse rate (beats/minute) after treatment, with
a statistically significant difference (p<0.001, p<0.0071).
There were no significant differences in the pre- and post-

treatment values of PR, QRS, QTc interval, QT dispersion, or
QTc dispersion (Table Il). There was a significant decrease in
the heart rate on 6 months ECG.

As shown in Table Ill, multivariate linear regression
analysis was performed to determine the correlation
between the ECG parameters and GnRHa dose (ug/kg).
A significant negative correlation was observed between
GnRHa dose and PR interval (p=0.049), whereas no
significant correlation was found between GnRHa dose
and QRS, QT mean, QT dispersion, QTc, or QTc dispersion
(Table 1ll). Boxplot diagrams of the pre- and post-GnRHa
treatment OTc intervals are shown in Figure 1.

Table I. Clinical and laboratory characteristics of patients

Characteristics Mean £ SD Min.-Max. Q1 Med Q3

Age at diagnosis (years) 8.99-1.53 0.82-10.85 8.39 9.24 9.89
Weight SDS 0.96+1.18 -1.94-3.21 0.28 1.06 1.81

Height SDS 0.58+1.20 -2.11-3.69 0.10 0.59 m

BMI SDS 0.80-1.01 -1.20-3.21 -0.005 0.93 1.37
LH (mIU/mL) 2.04-1.85 0.0-7.61 0.63 1.54 3.04
FSH (mIU/mL) 5.11-2.05 1.0-10.0 3.23 518 6.21
Estrodiol (pg/ml) 30.92-19.99 0-0.97 18.5 28.0 455
GnRHa dose (mg) 3.80-0.60 2.50-7.50 3.75 3.75 3.75
GnRHa dose (ug/kg) 112.9-33.0 64.66-227.27 91.8 104.45 18.3

Continuous variables are expressed as mean + standard deviations

Gonadotropin-releasing hormone, Min.-Max.: Minimum-Maximum

Q1, Q3: T and 3 quartile, Med: Median, SDS: Standard deviation scores, BMI: Body mass index, LH: Luteinizing hormone, FSH: Follicle-stimulating hormone, GnRH:

Table Il. Comparison of pre- and post-GnRHa treatment ECG parameters

Parameters Mean % SD Q1 Med Q3 p-value
Pre-treatment 95.3+16.6 83.3 94 104

Heart rate (beats/minute) <0.001*"
Post-treatment 84.5+16.3 71.3 83 92.5
Pre-treatment 121.9+13.8 14 120 128

PR (ms) 0.643*
Post-treatment 120.5£15.5 110.5 19 133.5
Pre-treatment 74.8+7.3 70.0 74 79.5

QRS (ms) 0.246}
Post-treatment 76.5£12.5 70.5 75 80
Pre-treatment 29714251 280 290 320

QT min (ms) <0.001*"
Post-treatment 31.2+£27.3 296 320 325.5
Pre-treatment 317.7+26.3 297 320 337.5

QT max (ms) <0.001""
Post-treatment 336.3+29.8 320 340 360
Pre-treatment 307.4+25.2 288.5 304.5 325

QT mean (ms) <0.001""
Post-treatment 323.8+27.8 308.5 324 341.5
Pre-treatment 20.5£9.9 12 20 30

QT dispersion (ms) 0.071*
Post-treatment 25.0+13.6 17 20 40
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Table II. Continued

Parameters Mean + SD Q1 Med Q3 p-value
Pre-treatment 374.2+22.7 358.8 374.5 387

QTc min (ms) 0.074'
Post-treatment 366.5+18.1 354 367 375.8
Pre-treatment 399.9+21.3 384.3 400.5 416

QTc max (ms) 0.651"
Post-treatment 398.3+£18.8 385.5 400 413
Pre-treatment 387.1+20.4 372.5 386.25 401.5

QTc mean (ms) 0.187%"
Post-treatment 382.38+16.54 368.5 381.3 395.5
Pre-treatment 25.8+16.4 1.25 22.5 36

QTc dispersion (ms) 0.148*
Post-treatment 31.7+16.5 21 31.0 42

*p<0.05, **p<0.001, TPaired-sample t-test, ¥Wilcoxon signed ranks test

Q1, Q3: 1** and 3" quartile, Med: Median, SD: Standard deviation, GnRHa: Gonadotropin-releasing hormone analogs, ECG: Electrocardiography

Table Ill. Multivariate linear regression model analysis results between ECG parameters and GnRHa dose (ug/kg)

Parameters B (95% Cl) p-value
PR (ms) -0.690 -1.378- -0.003 0.049*
QRS (ms) 1.217 -2.654- 0.220 0.094
QT mean (ms) -0.222 -.0727- 0.283 0.378
QT dispersion (ms) -0.144 -1.228- 0.940 0.789
QTc mean (ms) -0.344 -0.873- 0.185 0.195
QTc dispersion (ms) 0.133 -0.548- 0.814 0.694

A p-value <0.05 is considered statistically significant

ms: Milliseconds, Cl: Confidence interval, GnRHa: Gonadotropin-releasing hormone analogs, ECC: Electrocardiography

440

p>0.05

340

ms pre-QTC post-QTC

Figure 1. Boxplot diagram of pre- and post-GnRHa treatment QTc
intervals

p>0.05 (paired Student’s t-test). Abbreviations: ms, milliseconds; pre-
QTC, pre-treatment values of QTc intervals; post-QTC, pre-treatment
values of QTc intervals.

Discussion

Precocious puberty leads to premature closure of
the epiphyseal disks and short stature in adulthood and
therefore has important social consequences (9,10). GnRH
agonists are preferred for the treatment of CPP. This study
prospectively evaluated the effects of this treatment on
ECG parameters in girls diagnosed with CPP who were

treated with GnRHa. Administration of GnRH agonists
(leuprolide acetate) had a statistically significant effect on
QT intervals but had no significant effect on PR, QRS, QT,
QTc intervals, QT dispersion, or QTc dispersion. However,
the pre- and post-treatment values of each participant were
within the normal range, according to the reference ECG
parameters for age (11).

GnRH agonists and QT interval prolongation have been
carefully studied in prostate cancer studies (5). There have
been no reports of prolonged QT intervals in women using
GnRHa. A prolonged QT interval increases the risk of
developing torsades de pointes, which is a ventricular
arrhythmia which can lead to sudden cardiac death (12). In
addition, studies have shown that ventricular repolarization
parameters QT, QTc interval, and QT dispersion can predict
ventricular arrhythmia events and death. The list of drugs
known to cause a prolonged QT interval is regularly updated
(13,74). Currently, the GnRHas with a reported increase in the
risk of prolonged QT interval are leuprolide and degarelix
(15,16). A study by Gagliano-jucé et al. (14) compared one
group using leuprolide acetate treatment for androgen
suppression in prostate cancer and another group not using
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this treatment and they found a statistically significantly
prolonged QTc interval in the group receiving treatment.
In our study, all parameters indicative of ventricular
repolarization were evaluated, and no difference was found
in the QTc interval with leuprolide acetate administration;
however, the results showed a statistically significant
increase in the QT interval. This may have been caused by
a statistically significant change in pre- and post-treatment
heart rates.

In Smith et al’s (16) study of the cardiovascular safety
of degarelix treatment in prostate cancer, the results were
similar to those of the group receiving leuprolide treatment.
In contrast, another study evaluating the effect of degarelix
treatment and a placebo on cardiac polarizationin a prostate
cancer group reported that degarelix treatment was safe
even at high doses (17). In our study, linear regression was
performed to evaluate the correlation between leuprolide
acetate doses (ug/kg) and ECG parameters, which revealed
that increasing therapeutic doses did not significantly
increase PR, QRS, or QT intervals.

Among the conditions treated with GnRHa in childhood,
gender dysphoria is the clinical condition most similar
to those in which the risk of a prolonged QT interval has
been described. The testosterone levels in these patients
were suppressed by GnRHa administration. A retrospective
study examining the ECG parameters of 33 adolescents (19
assigned males, 14 assigned females) who used leuprolide
acetate for puberty suppression due to gender dysphoria
found no QTc prolongation in any young people (18).
Although the number of pediatric studies in this field is
limited, the Drug and Therapeutics Committee has made the
following recommendations for individuals receiving GnRHa
treatment: A screening ECG is recommended if the patient is
taking other drugs known to cause a prolonged QT interval;
has a history of congenital heart disease, arrhythmia, or
long QT syndrome; has a family history of long QT syndrome
or sudden cardiac death; or has symptoms associated with
long QT syndrome, including syncope. After ECG screening,
the ECG should be repeated when the GnRHa dose reaches
a steady state. If the patient has long QT syndrome with
prolonged QTc or other ECG abnormalities, a family history
of long QT syndrome, or sudden death, the patient should
be referred to cardiology. Healthcare professionals should
counsel patients about arrhythmia symptoms, including
palpitations and syncope. Healthcare professionals should
continue to receive information regarding new drugs while
continuing GnRHa treatment (17). Therefore, regular ECG
monitoring should be considered after treatment initiation
in patients treated with GnRH agonists.

226

Study Limitations

The limitations of this study were its single-center
design, small sample size, and the lack of a control group.
In addition, only 6-month post-treatment ECG data were
available.

Conclusion

The results of this study showed that there were no
significant changes in the parameters studied, including
QRS, QTc, QT dispersion, and QTc dispersion, after the use of
GnRH agonists. Evaluation of the correlation between GnRH
agonist dosege (ng/kg) and ECG parameters revealed that it
did not significantly increase QRS, QT dispersion, or QTc
dispersion at increasing therapeutic doses. Even if regular
ECG monitoring is considered after the initiation of GnRHa
treatment, they are believed to be safe drugs in children, as
there is not enough evidence to contradict this yet.
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Changes in Pediatric Trauma During the COVID-19
Pandemic; Does the Pandemic Have an Effect on
the Severity of Traumas?
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ABSTRACT

Aim: Traumas are the most common cause of mortality and morbidity in children. Coronavirus disease-2019 (COVID-19) was shown to affect
pediatric mental health, child neglect, and the occurrence of traumatic injuries. This study aimed to characterize pediatric trauma cases
presenting to our institution before and after the pandemic began.

Materials and Methods: Patients with trauma who were admitted to our emergency department between March, 2019 and March, 2021 were
included. The patients were classified into two groups as before and after the pandemic began (March, 2020). Trauma characteristics, the
severity of the injury, and prognosis were assessed. The patients’ injury severity scores (ISS) and pediatric trauma scores (PTS) were noted.

Results: A total of 1,718 patients were included in this study. The number of pediatric trauma admissions dropped from 1,039 to 679 after
the pandemic started. There was no difference between these groups in terms of age (p=0.874) or gender (p=0.106). There was a significant
decrease in the number of traumatic injuries (p<0.001) especially during the first shutdown period (April, May, and June, 2020. Additionally,
there was a significant increase in terms of foreign body aspiration (p=0.001) and pedestrian injuries (p=0.016). Although a significant increase
was noted in the ISS of the patients (p<0.001), no differences were found between the PTSs (p=0.075) or multi-organ injuries (p=1.000). Also,
no significant differences were observed regarding mortality (p=0.650), household accidents (p=0.600), trauma type (p=0.533), the need for
transfusion (p=0.166), surgery (p=0.077) or mechanical ventilation (p=0.464) between the two groups.

Conclusion: The COVID-19 pandemic altered social patterns, leading to a decrease in pediatric traumas. This decrease was most prominent
during the shutdown period. The variables showing severe trauma, such as the need for surgery, did not change despite a significant increase in
ISS. This was attributed to a decrease in admissions for minor trauma.

Keywords: Trauma, ISS, COVID-19, pediatrics, lockdown

Introduction such as “stay at home” orders and a ban on children and
The infections of the Coronavirus disease-2019 (COVID- adolescents under the age of 20 leaving their homes after
19) began in December, 2019 in Wuhan, China. In March, April 47,2020 (2).
2020, the World Health Organization declared COVID-19 a The COVID-19 pandemic significantly impacted
global pandemic (1). The first case in Turkey was reported childhood trauma in several ways. During the early stages of
on March 10, 2020. Later, restrictions were put in place, the pandemic, there was a significant decrease in emergency
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department (ED) visits across all age groups due to a fear of
exposure to the virus, government restrictions, and stay-
at-home orders (3-5). However, it is important to note that
while overall ED visits declined, the severity of medical
conditions among pediatric patients who did present to
the ED increased (6). Moreover, the pandemic also resulted
in changes in behavior and mobility patterns, which may
have affected the types of pediatric injuries. With children
spending more time at home, there may be an increase in
home-related injuries such as burns, falls, and choking. At
the same time, there may be a decrease in injuries related to
outdoor activities, such as sports-related injuries.

We, therefore, hypothesized that the rate of pediatric
trauma admissions, hospitalization patterns, and the
mechanisms of trauma differed before and during the
pandemic. This study aimed to retrospectively evaluate the
changes in mechanisms and outcomes among the pediatric
trauma population during the COVID-19 pandemic.

Materials and Methods

After the ethical approval of the University of Health
Sciences Turkey, izmir Tepecik Training and Research
Hospital Clinical Research Ethics Committee (2021/03-09),
the medical records of trauma patients were retrospectively
reviewed. This study was conducted over 2 years (March,
2019 to March, 2021) at a large urban tertiary center. All
children (0-18 years old) who were admitted to the ED
because of trauma and who consulted with our clinic were
included. Those patients with incomplete medical records
were excluded.

The patients were divided into two groups. Those patients
who applied before the COVID-19 pandemic formed Group
A. Patients who applied during the pandemic formed Group
B. The demographic data of the patients were examined.
Application month, time, and type of transport to the center
(direct or in an ambulance) were evaluated. The mechanism
of the trauma and the affected organs were assessed. The
patients’ injury severity scores (ISS) and pediatric trauma
scores (PTS) scores were noted. The groups were compared
in terms of the following parameters: hospitalization time,
mechanical ventilation needs, consultations, surgery, and
prognosis.

All pre-structured forms were collected, and the data
were transferred into the Excel 2010 (Microsoft, Redmond
WA, USA) format. Normally distributed data were reported
as means + standard deviations. The statistical significance
between normally distributed data for different groups
was calculated with the independent samples t-test.

Non-normally distributed data were reported as medians
(quartiles and ranges). The statistical significance between
non-normally distributed data for different groups was
calculated with the non-parametrical Mann-Whitney U
test. Pearson’s chi-squared, Yates' continuity correction
and Fisher's exact test were used to calculate statistical
significance between frequencies. Significance was set at
p<0.05. All statistical tests were performed using IBM SPSS
Statistics 21.0 (IBM Corp., Armonk, NY, USA).

Results

A total of 1,718 children presented to our clinic due to
trauma during the study period. The 659 patients (Group
B) in 2020-2021 represented a 35% decrease in overall
volume compared to the 1,039 patients (Group A) in 2019-
2020. The greatest decrease in patient volumes was 70.1%
between April, 2020 and June, 2020 (278 versus 83 patients,
respectively) (p<0.001) (Figure 1).

There was no significant difference in median ages and
sex distribution between the groups (p<0.106, p<0.106).
Most of the patients (n=506, 29.4%) were admitted to
the hospital for foreign body ingestion. Fifty-nine patients
(3.4%) were admitted for foreign body aspiration, 329
(19.2%) patients were admitted for corrosive ingestion, and
109 patients (6.3%) were admitted for penetrating injuries
(gunshot wounds, stab wounds, or other). There was no
significant difference between the groups in the terms
of injury types resulting from vehicle traffic accidents,
falls from height, bicycle accidents, corrosive substance
intake, crushes, genital traumas, or foreign body ingestion.
Although the percentage of patients with foreign body
aspiration (p=0.001) and pedestrian trauma (p=0.016)
increased, the percentage of patients with penetrating
injuries (p=0.014) decreased statistically significantly during
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Figure 1. Volume of admissions by month. Group A comprised pre-
pandemic applicants (March 2019-2020), while Group B consisted of
post-pandemic applicants (March 2020-2021). Notably, the relative
proportions from April to June experienced a significant decrease from
2079 to 2020 (278 versus 83 patients, respectively) (p<0.001)
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the pandemic. In terms of transport type to the hospital,
the percentage of admission by ambulance decreased
significantly during the pandemic (p<0.001). The time of
admission rates decreased between 8 a.m. and 4 p.m. during
the pandemic period and increased between midnight and 8
a.m. (p<0.001). There was no difference between the groups
in terms of the rates of patients with organ or multisystem
injuries at admissions (Table I).

ISS and PTS were used to determine the trauma severity
of the cases. ISS was significantly higher during the pandemic
(p<0.001). When the ISS subgroups were detailed, it was
found that there was a decrease in the incidence of minor
traumas (ISS=0 to 8) and an increase in the incidence of
serious traumas (ISS=25 to 49) during the pandemic. There
was no statistically significant difference in PTS between the
two groups (Table II).

Although hospitalization rates increased during
the pandemic (p<0.001), hospital length of stay (LOS)
was similar in the pre-pandemic and pandemic periods
(p=0.665). There was no significant difference in the terms
of operation rates (p=0.770) or the admission-operation
time interval between the groups (p=0.904). The intensive
care unit (ICU) rate (p=0.200) was similar between the
two groups. Although ICU LOS was longer in the pandemic
group (p=0.003), there was no significant difference in the
terms of intubation rates (p=1.000), mechanical ventilation
times (p=0.783), or mortality rates (p=0.650) between the
groups. The outcomes of the patients are summarized in
Table IlI.

Table I. Demographic characteristics of patients
Group A (n=1039) Group B (n=679) p-value
Median age, n (%) Year (Q1-Q3) 4(2-9) 4(2-9) 0.874
Sex Male (%) 651(62.7) 399 (58.8) 0.106
Motor vehicle collision 23(2.2) 12(1.8) 0.641
Pedestrian 77 (7.4) 73 (10.8) 0.016
Bicycle accident 54 (5.2) 46 (6.8) 0.172
Fall 220 (21.2) 131(19.3) 0.344
Crush 43 (4.) 22(3.2) 0.340
Injury subgroups, n (%) Penetrating injury (gunshot wounds, 78 (7.5) 31(4.6) 0.014
stab wounds, or other)
Genital trauma 12 (1.2) 2(0.3) 0.058
Foreign body ingestion 313 (30.1) 193 (28.4) 0.450
Foreign body aspiration 23(2.2) 36 (5.3) 0.001
Corrosive ingestion 196 (18.9) 133 (19.6) 0.710
With ambulance 290 (27.9) 132 (19.4)
0
Transport type, n (%) Direct admission 749 (72.1) 547 (80.6) <0.001
L . 0-8 87 (8.4) 146 (21.5)
(Aodgo'i?)orr‘]t(ﬁ/E)R time 8-16 310 (29.8) 108 (15.9) <0.001
AR 16-24 642 (61.8) 425 (62.6)
None 541 (52.7) 359 (52.9) 0.745
Injuries, n (%) Multisystem injury 21(2) 13(1.9) 1.000
Other 477 (45.9) 307 (45.2) 0.777
E.R.: Emergency Room
Table Il. Severity of trauma
Group A (n=1039) Group B (n=679) p-value
ISS: median (Q1-Q3) 0 (0-1) 1(0-4) <0.001
Minor (ISS=0-8) 965 (92.9%) 581(85.6%) <0.001
Moderate (ISS=9-15) 51(4.9%) 47 (6.9%) 0.079
Serious (1S5=16-24) 6 (0.6%) 32 (4.7%) <0.001
Severe (I1SS=25-49) 15 (1.4%) 15 (2.2%) 0.319
Critical (ISS=50-75) 2(0.2%) 4(0.6%) 0.221
PTS: median (Q1-Q3) 11 (10-11) 11.(10-11) 0.075
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Table Ill. Outcome
Group A (n=1039) Group B (n=679) p-value
Hospitalized 216 (20.8%) 195 (28.7%) <0.001
Hospital, LOS, days: median (Q1-Q3) 3(1-4) 3(1-4) 0.665
Operated 106 (10.2%) 88 (13%) 0.770
Admission-operation time interval, hours: median (Q1-Q3) 4 (2-10) 4 (1.5-10) 0.904
ICU 17 (1.6%) 18 (2.7%) 0.200
ICU, LOS, days: median (Q1-Q3) 3(2-5) 6 (3-11) 0.003
Intubated 11 (1.1%) 8 (1.2%) 1.000
Mechanical ventilation, LOS, days: median (Q1-Q3) 1(1-2) 1(1-4.5) 0.783
Mortality 2(0.2%) 2(0.3%) 0.650
Discussion child’s home, and it has been determined that preschool

The COVID-19 pandemic had a profound impact on
childhood trauma in various aspects (3-5). Additionally,
the pandemic led to alterations in behavior and mobility
patterns, potentially influencing the nature of pediatric
injuries. The social transformations imposed by COVID-
19 had consequences for pediatric mental health, child
neglect, and the occurrence of pediatric traumatic injuries
(7,8). Within our extensive study, we observed variations in
pediatric trauma trends, injury patterns, and injury severities
throughout the COVID-19 pandemic.

During the COVID-19 lockdowns, there was a notable
reduction in ED visits and hospital admissions, as is evident
from systematic reviews in the literature (3,9). In our
study, we observed a decrease in the number of patients
admitted due to traumatic injuries. The months of March
toJune, 2020, characterized by curfew periods and stringent
restrictions, experienced the most significant decline in
trauma cases. Even with the relaxation of restrictions during
the summer, the number of applications did not return
to pre-pandemic levels. Also, many individuals chose to
directly seek hospital care without utilizing ambulances.
These trends can be attributed to various factors, including
policies aimed at ensuring hospitals were not overwhelmed
and could maintain uninterrupted health services, and
also by promoting social isolation to mitigate the risk of
contracting COVID-19, and the implementation of stay-
at-home policies. These measures, particularly in children,
contributed to a substantial decrease in the incidence of
traumas. In our study, no significant differences in age
and gender were observed between the pre-pandemic and
pandemic periods. However, it was noted that traumas
were more prevalent among boys in both groups, with the
median age group being 4 years old for both periods.

The existing literature indicates that approximately
91% of unintentional injuries take place within or near the

children make up 55% of the victims of home accidents.
Injuries resulting from accidents remain the leading cause
of morbidity and mortality among children. Among the
various types of injuries, the most common ones include
ingesting foreign bodies, poisoning, falls, drowning, and
burns (10). In order to gain a comprehensive understanding
of the mechanisms behind trauma, we categorized injuries
into specific subgroups, including motor vehicle collisions,
pedestrian incidents, bicycle accidents, falls, crush injuries,
penetrating injuries (such as gunshot wounds, stab wounds,
or other types), foreign body ingestion, foreign body
aspiration, and corrosive ingestion. The reason for these
subdivisions is due to the limited number of studies available
which specifically examine the impact of the COVID-19
pandemic on pediatric trauma mechanisms and outcomes.
By delving into these distinct categories, we aimed to shed
light on the diverse effects of the pandemic on pediatric
traumas (11). Numerous studies have demonstrated
elevated rates of domestic injuries, with some indicating
higher occurrences during the pandemic compared to the
pre-pandemic period (12,13). In our analysis of specific
subgroups, we observed an increase in incidents related to
pedestrians, bicycle accidents, foreign body aspiration, and
corrosive ingestion. Surprisingly, contrary to expectations
based on the existing literature, we found that the number
of pedestrian injuries and bicycle crashes did not decrease
proportionally during the pandemic, but instead showed an
opposite trend (8). These findings highlight the complex and
potentially unexpected effects of the pandemic on specific
types of injuries within the domestic setting.

The implementation of social distancing measures and
stay-at-home orders inadvertently resulted in prolonged
periods spent at home where children, with or without adult
supervision, may be more prone to swallowing or aspirating
foreign objects. In our study, we observed an increase in
cases of foreign body aspiration and corrosive ingestion.
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Notably, foreign body ingestion emerged as the most
common reason for hospital admission in both groups.
While there was a decrease in the number of patients seeking
medical attention for this reason during the pandemic
period, this decline was not statistically significant. Reports
indicate that these accidents predominantly occur within
the home setting, regardless of family supervision (10,14).
Moreover, a previous study highlighted an increase in
domestic accidents, particularly in relation to foreign body
ingestion (12). During the pandemic period, there was also
a decrease in motor vehicle collisions, falls, crush injuries,
and penetrating injuries. These types of injuries are typically
more common outside the home and tend to affect children
older than 6 years. Thus, it can be inferred that stay-
at-home policies effectively reduced the risk of trauma
exposure for children.

As our hospital does not have a burns unit, we did not
encounter any patients presenting with burns during the
study period. Furthermore, due to the retrospective nature
of this study, we were unable to specifically investigate
cases of suspected abuse. However, one study conducted
in the United States reported a concerning increase in child
abuse cases (15). Considering that children may experience
increased loneliness and vulnerability to abuse while
staying at home, exacerbated by heightened stressors and
prolonged time spent indoors, healthcare professionals
should maintain a high level of suspicion regarding abuse or
neglect. It is imperative that public health units thoroughly
evaluate the implications of school closures, and health
policies should be tailored accordingly to address these
concerns.

In a single-center study examining admission times
for pediatric patients with trauma over a 16-year period, it
was observed that the busiest admission times occurred
in the afternoon, while nighttime admissions decreased
(16). Similarly, prior to the pandemic, this pattern was
observed in our country as well. However, during the
pandemic, daytime admissions decreased as children who
spent more time at home with their mothers were less likely
to experience trauma. Conversely, night-time admissions
increased as families preferred hours when the emergency
room density was lower.

Furthermore, there was a decrease in the number of
patients presenting with multiple system injuries. However,
interestingly, the overall number of children presenting to
the hospital did not change, despite the absence of any
injury. This suggests that families’ concerns about potential
trauma outweighed their fear of the pandemic, prompting
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them to seek medical attention for their children even in the
absence of actual injuries.

The ISS serves as a valuable measure to assess the
severity of injuries, particularly in patients with multiple
traumas (17). In 1987, Tepas et al. (18) introduced the PTS
with the aim of swiftly and accurately evaluating injured
children during field triages. The PTS is a scoring system
specifically developed for children. Notably, the developers
discovered a statistically significant linear relationship
between PTS and ISS, further emphasizing the utility of the
PTS in predicting injury severity.

Our study revealed no significant differences between
the ISS and PTS scores among the groups. This finding aligns
with those results observed in previous studies within the
literature, which also did not report significant variations in
ISS scores (11,19). However, upon further examination of the
ISS scores, we observed a decrease in minor traumas and
an increase in the rates of severe traumas. Notably, with
an increasing number of patients classified as experiencing
serious trauma, particularly those with ISS scores ranging
from 16 to 24, a higher proportion of patients were admitted
to the hospital and required intensive care when compared
to the pre-pandemic group.

It was also noteworthy that during the pandemic, a
significant majority of those patients who sought hospital
care, regardless of the reason, presented with severe clinical
conditions. Another study examining rates of appendicitis
admissions in our hospital reported a significant increase
in the number of patients presenting with complicated
appendicitis (20). This may be attributed to the heightened
fear of contracting illnesses in hospital settings, resulting in
longer delays in seeking medical attention. Consequently,
those cases who presented to the hospital during the
pandemic tended to be in more severe conditions and thus
required hospitalization.

In our study, we observed that the duration of hospital
stays remained unchanged, while the hospitalization rates
increased. While only one study reported reduced lengths of
stay for pediatric traumas during the pandemic, suggesting
efficient resource utilization, other studies indicated an
increase in hospitalization rates during this period (11,21).
Furthermore, no significant differences were found in the
number of operations, the time interval between admission
and operation, or the need for mechanical ventilation and
intubation. These findings underscore the importance of
maintaining adequate reserves in pediatric ICUs (PICUs)
and operating theaters at level 1 trauma centers. Despite
the impact of the COVID-19 pandemic on pediatric traumas,
there was no observed change in mortality rates.
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Study Limitations

Our study was subject to certain limitations which
should be acknowledged. Firstly, being a retrospective
review of electronic medical records, there was a possibility
of reporting errors and inaccuracies in the recorded
information. To minimize this potential bias, we conducted
individual chart reviews instead of relying solely on ICD-10
codes. However, the inherent limitations of retrospective
studies still apply. Secondly, we did not specifically
investigate the socioeconomic status of the families or
the number of individuals residing in each household,
which can potentially contribute to the occurrence of
home accidents. Understanding these factors could provide
further insights into the rates and patterns of injuries within
the home setting. Despite these limitations, our analysis is
consistent with previous retrospective reports which have
described changes in traumatic injuries during stay-at-home
measures in Turkey. While we recognize the need for further
research to address these limitations and provide a more
comprehensive understanding, our study contributes to the
existing body of evidence on the impact of stay-at-home
precautions on traumatic injuries.

Conclusion

The COVID-19 pandemic and its related policies,
including hospital management strategies, social isolation
measures, and stay-at-home policies, effectively reduced
pediatric trauma cases by altering social patterns. In order
to promote child safety, it is crucial to secure dangerous
objects, address home accident risks, and educate families
regarding abuse and neglect, given the fluctuating mental
states at home. Healthcare professionals should approach
these issues cautiously and be vigilant in detecting potential
cases. The efficient utilization of hospital resources is
crucial during pandemics, considering the increase in severe
clinical presentations while maintaining a steady number of
surgical interventions and intensive care cases.
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