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Abstract

Introduction: Pediatric pneumonia can result from bacterial or viral pathogens,
presenting with overlapping clinical features, which makes accurate differentiation
challenging. In developing countries, where access to microbiological diagnostics
is limited, timely identification of the etiology is crucial to guide treatment. Basic
inflammatory markers such as absolute neutrophil count (ANC), neutrophil-
to-lymphocyte ratio (NLR) and C-reactive protein (CRP) may help distinguish
bacterial from viral infections. This study evaluates the diagnostic value of routine
inflammatory markers in severe pneumonia.

Materials and Methods: This cross-sectional study included 61 children aged
2 months to 5 years with severe pneumonia at Children’s Hospital 1, Vietnam.
Bacterial etiology was confirmed using real-time polymerase chain reaction from
tracheal aspirates; viral pneumonia was identified by detecting respiratory viruses
in the absence of bacteria. Clinical characteristics and inflammatory markers were
collected. Comparative and receiver operating characteristic (ROC) curve analyses
were performed to assess diagnostic performance.

Results: 51 children (83.6%) had bacterial pneumonia, and 10 (16.4%) had viral
pneumonia. Bacterial pneumonia was more common with recurrent pneumonia
and high fever (p < 0.05). ANC (p < 0.005), NLR (p = 0.0002), and CRP (p = 0.01) were
significantly elevated in bacterial cases. Area Under the ROC Curve (AUROC) showed
NLR had the highest discriminatory value (AUROC = 0.87). The optimal NLR cut-
off value (> 0.8) yielded 78.4% sensitivity and 90% specificity. Combining NLR and
CRP with clinical symptoms increased specificity but reduced sensitivity. A moderate
positive correlation was observed between NLR and CRP (Spearman’s rho = 0.514,
p<0.0001).

Conclusion: NLR and other inflammatory markers offer practical value in
distinguishing severe bacterial pneumonia, particularly in resource-limited settings.
Nevertheless, interpretation should always be guided by clinical context.

1
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Giris: Gelismekte olan Ulkelerde mikrobiyolojik tani olanaklarinin sinirli oldugu durumlarda, cocuklarda bakteriyel ve viral pnémoniyi
hizla ayirt etmek giictiir. Bu ¢alismanin amaci, agir pnomonisi olan cocuklarda mutlak nétrofil sayisi (MNS), nétrofil/lenfosit orani
(NLR) ve C-reaktif protein (CRP) gibi rutin inflamatuvar belirteclerin etiyolojik ayirici tanidaki degerini degerlendirmektir.

Gereg ve Yontem: Bu kesitsel calisma, Vietnam Cocuk Hastanesi 1'de agir pnomoni tanisi ile izlenen 61 ¢ocugu (yas: 2 ay-5 yas)
kapsamaktadir. Bakteriyel etiyoloji, trakeal aspiratlardan gercek zamanli polimeraz zincir reaksiyonu (rt-PCR) ile dogrulandi; viral
pnomoni ise bakteriyel etken saptanmaksizin solunum viriislerinin gosterilmesiyle tanimlandi. Klinik ozellikler ve inflamatuvar
belirtecler kaydedildi. Gruplar arasi karsilastirmalar ve ROC egrisi analizleri yapilarak tanisal performans degerlendirildi.

Bulgular: 51 cocukta (%83,6) bakteriyel, 10 cocukta (%16,4) viral pnomoni saptandi. Bakteriyel olgular rekiirren pnomoni ve yiiksek
ates ile daha sik iliskiliydi (p<0,05). MNS (p<0,005), NLR (p=0,0002) ve CRP (p=0,01) bakteriyel olgularda anlaml diizeyde daha
yuksekti. NLR, en iyi ayiricl giicti gosterdi (AUROC=0,87). NLR >0,8 esik degeri icin duyarlilhk %78,4 ve ozgtillik %90,0 bulundu. NLR +
CRP’nin klinik bulgularla birlikte kullanimi 6zgulliugu artirirken duyarhligi bir miktar azaltti. NLR ile CRP arasinda orta diizeyde pozitif
korelasyon izlendi (Spearman rho=0,514; p<0,0001).

Sonug: NLR basta olmak tizere temel inflamatuvar belirtecler, 6zellikle kaynaklarin kisitli oldugu ortamlarda agir cocukluk cagi
pnomonisinde bakteriyel-viral ayrimina pratik katki saglayabilir. Bununla birlikte, yorumlama her zaman klinik baglam icinde

yaptimalidir.

Introduction

Community-acquired pneumonia (CAP) remains a leading
cause of death in children under five, responsible for nearly
2 million deaths annually, according to the World Health
Organization (WHO) and the United Nations International
Children’s Emergency Fund (UNICEF) (1). The primary
causative agents are bacteria and viruses (2). In Vietnam,
Tran Quang et al. (3) reported bacterial infections in 83.1%
and viral infections in 50.5% of severe pneumonia cases.

Managing pediatric pneumonia in developing countries
is challenging due to the high prevalence of severe cases,
inconsistent diagnostic criteria, and limited access to
microbiological tests needed to identify pathogens before
initiating appropriate treatment (4). Notably, bacterial
and viral pneumonia trigger distinct immune responses.
Therefore, using accessible and affordable biomarkers that
reflect these differences may aid in distinguishing between
bacterial and viral etiologies, helping to reduce complications
and mortality (5).

Numerous studies have attempted to distinguish clinical
features and inflammatory markers to reduce reliance
on microbiological testing, which is often unavailable in
resource-limited settings. Moreover, pathogen culture results
are time-consuming and thus unsuitable for managing severe
pneumonia cases that require timely intervention. However,
findings across studies remain inconsistent and continue to
be a matter of debate. This article describes the clinical and
paraclinical characteristics of severe bacterial versus viral
pneumonia, while evaluating the diagnostic value of basic
inflammatory markers in distinguishing between these two
etiologies to improve the quality of pathogen identification
in pediatric cases.

J Curr Pediatr 2026;24(1):1-9

Materials and Methods

Study Design and Population

This cross-sectional descriptive study was conducted at
a children’s hospital in southern Vietnam, from December
2022 to November 2023, enrolling children aged 2 months to
5years diagnosed with severe CAP. Inclusion criteria required:
i) cough or difficulty breathing accompanied by at least one
of the following signs: age-specific tachypnea, abnormal lung
examination findings, or chest indrawing combined with
radiographic evidence of pulmonary infiltrates on chest X-ray
(1); i) classification as severe CAP based on criteria from the
British Thoracic Society (6), defined respiratory rate greater
than 70 breaths per minute, severe chest indrawing, cyanosis,
intermittent apnea, grunting, inability to feed, or capillary
refill time > 2 seconds; iii) availability of C-reactive protein
(CRP) along with routine blood test results obtained within
24 hours of admission; iv) specimen collection and testing
for respiratory pathogens within 24 hours of admission.
Exclusion criteria included: i) underlying cardiopulmonary
diseases; ii) recent hospitalization within 30 days; iii) prior
antibiotic or immunosuppressive therapy within 1 month
before admission; iv) absence of parental consent.

Data Collection Procedures

Children diagnosed with severe CAP were screened based
on predefined inclusion and exclusion criteria. Eligible
patients were enrolled consecutively, and demographic,
clinical, and laboratory data were collected using a
standardized case record form.

Nasotracheal Aspiration (NTA) and Microbiological
Analysis:  Shortly after admission and before starting
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antibiotics, NTA was performed under sterile conditions
using a mucus extractor device (Global Medikit Limited, New
Delhi, India) to collect lower respiratory tract secretions.
Samples were sealed, placed in an icebox at 2-8 °C, and
promptly transported to the International Research of Gene
and Immunology Institute at Nam Khoa Biotek Laboratory
(Ho Chi Minh City, Vietnam), which is certified under 1SO
9001:2008 standards for real-time polymerase chain reaction
(RT-PCR) testing. This procedure was carried out following
the standardized protocol used at our institution to ensure
specimen integrity and diagnostic accuracy.

Sample Quality Assessment: To ensure sample origin
from the lower respiratory tract, all NTA specimens
underwent Gram staining and microscopic evaluation.
Specimens were considered high-quality if they contained
fewer than 10 squamous epithelial cells (SECs) and more
than 25 polymorphonuclear cells (PMNs) per low-power
field (x100 magnification), indicating minimal upper airway
contamination and active inflammation (3).

Microbial Identification: The RT-PCR process included
three main steps: i) sample homogenization in phosphate-
buffered saline with N-Acetyl L-Cysteine; i) nucleic
acid extraction using the BIO-RAD CFX96 system and
NKRNADNAprep-MAGBEAD reagents; and iii) amplification
using specific primers and TagMan probes (Thermo Fisher
Scientific). The RT-PCR panel included 46 respiratory
pathogens (29 bacterial and 17 viral agents). A full list of
targeted pathogens is provided in Appendix 1.

A sample was considered positive for bacterial infection
if RT-PCR detected one or more pathogenic bacterial species
at a concentration exceeding 10° copies/mL, consistent with
thresholds used for lower respiratory tract specimens. For
viral pathogens, a result was considered positive when at
least one respiratory virus was detected with a viral load
of > 10° copies/mL or a cycle threshold (Ct) value below
30, indicating active infection rather than asymptomatic
carriage (3). Participants were categorized into either the
bacterial severe CAP (BSCAP) group or the viral severe
CAP (VSCAP) group. Assignment to the VSCAP required
fulfillment of the following criteria: i) detection of at least
one respiratory virus in NTA specimens (e.g., respiratory
syncytial virus, rhinovirus); ii) absence of detectable bacterial
DNA,; iii) absence of clinical signs, symptoms, or radiographic
evidence suggestive of empyema; iv) negative sputum
culture results. Assignment to the BSCAP group required the
following criteria: i) detection of one or more pathogenic
bacteria in respiratory specimens by RT-PCR or culture
(e.g., Streptococcus pneumoniae, Haemophilus influenzae);

ii) absence of detectable respiratory viruses in the same
specimen. Mixed infections, in which both bacterial and viral
pathogens were concurrently identified in the same sample
by RT-PCR or culture, were excluded from the final analysis
to ensure clear etiological differentiation.

These classifications were used as the reference standard
for subsequent comparisons of clinical and inflammatory
marker profiles. The detailed process of patient screening,
eligibility assessment, exclusion, and final inclusion in
the study cohort is illustrated in the flowchart provided in
Appendix 2.

Statistical Analysis

Statistical data were processed using standard medical
statistical methods. Data analysis was conducted using
Stata version 16.0. Qualitative variables were presented as
frequencies and percentages, while quantitative variables
were reported as mean £ standard deviation or median
(interquartile range), as appropriate. Group comparisons
were performed with a 95% confidence interval. A p-value of
< 0.05 was considered statistically significant. The area under
the receiver operating characteristic curve (AUROC) was used
to evaluate the predictive ability of the basic inflammatory
markers. Sensitivity, specificity, positive likelihood ratio (LR")
and negative likelihood ratio (LR") were also calculated.

Ethics committee approval

The authors affirm that all procedures and experiments
conducted in this study complied with the ethical standards
outlined in the Declaration of Helsinki (1975), as revised
in 2008, as well as relevant national regulations. The study
protocol was reviewed and approved by the Ethics Committee
in Biomedical Research at Hoi dong Pao Burc trong Nghién
cu Y sinh hoc Bénh vién Nhi Bong 1 (approval number:
425/GCN-BVND1, date: 17.11.2022). Written informed
consent was obtained from the parents or legal guardians
of all participants. They were fully informed of the study’s
objectives, procedures, potential risks, and their right to
withdraw from the study at any time without consequences.

Results

Microbial Profile and Infection Complexity

61 children with severe CAP were included. RT-PCR
identified 51 cases (83.6%) as bacterial and 10 cases (16.4%)
as viral pneumonia. The distribution of cases by microbial
etiology and infection complexity is shown in Figure 1. In the

J Curr Pediatr 2026;24(1):1-9
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BSCAP group (Figure 1A), 18 cases were classified as bacterial
monoinfections and 33 as coinfections. Streptococcus
pneumoniae (SP) and Haemophilus influenzae (HI) were the
most common pathogens in monoinfections. The complexity
of microbial etiology in severe CAP was particularly evident
in bacterial coinfections involving SP, most notably SP—HI
coinfection (10 cases). Notably, 8 patients presented with
coinfections involving three distinct bacterial pathogens. A

SP
HI
MP
EC
KP
MC

A. BSCAP group

Number of cases

SP HI MP EC KP

Mono-infection

VSCAP group

RV
BvV

Number of cases

T [
RSV CMV HMPVY CMV

Mono-infection

MRSA
MSSA
MRSE

RSV
CMmv
HMPV

AV

Co-infection

wide range of other bacterial species were also detected in
coinfection profiles, including Moraxella catarrhalis (M(),
Klebsiella pneumoniae (KP), and Staphylococcus aureus
(both MRSA and MSSA). In contrast, the VSCAP group showed
a simpler pathogen profile, with 7 monoinfection cases
— mostly respiratory syncytial virus (RSV), and only 3 cases
involving viral coinfections (see Figure 1B).

Number of cases

SP HI EC SP/MHI SP/EC

Co-infection

Tl

Figure 1. Distribution of pneumonia cases by etiology and infection complexity

(A) Bacterial severe community-acquired pneumonia (BSCAP) group: the bar graphs display the number of mono-infections and co-infections
identified. Streptococcus pneumoniae (SP) and Haemophilus influenzae (H1) were the most common mono-infecting pathogens. Co-infections
commonly involved combinations such as SP-HI, and SP/HI-MC (Moraxella catarrhalis), along with other pathogens including Mycoplasma
pneumoniae (MP), Klebsiella pneumoniae (KP), Methicillin-sensitive Staphylococcus aureus (MSSA), Methicillin-resistant Staphylococcus aureus
(MRSA), and Staphylococcus epidermidis (MRSE). (B) Viral severe community-acquired pneumonia (VSCAP) group: the figure shows the
distribution of mono-viral and multi-viral infections. Respiratory syncytial virus (RSV), Cytomegalovirus (CMV), and Human metapneumovirus
(HMPV) were frequently identified. Co-infections included CMV in combination with RSV and Rhinovirus (RV), as well as Adenovirus (AV) and

Bocavirus (BV)

J Curr Pediatr 2026;24(1):1-9
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Clinical Characteristics and Laboratory Markers
associated with Microbial Etiology

In Table 1, children with BSCAP were more likely to have
a history of recurrent pneumonia (70.6% versus 20.0%, p <
0.005), incomplete vaccination (58.9% versus 20.0%, p < 0.05),
and high fever (41.2% versus 10.0%, p < 0.05). Wheezing was
significantly more common in VSCAP (100% versus 64.7%, p
< 0.05). Other variables such as age, sex, prematurity, and
nutritional status did not differ significantly between groups.
In addition, children with BSCAP exhibited significantly
higher levels of inflammatory markers compared to those
with VSCAP. Median absolute neutrophil count (ANC) was 6.3
K/uL versus 3.2 K/uL (p < 0.005), neutrophil-to-Lymphocyte
Ratio (NLR) was 1.4 versus 0.5 (p = 0.0002), and CRP was 10.2
mg/L versus 1.5 mg/L (p = 0.01).

Diagnostic Accuracy of Inflammatory Biomarkers
and Impact of Combined Clinical Parameters

AUROC analysis was performed to evaluate the diagnostic
utility of ANC, NLR, and CRP in predicting bacterial etiology
(Table 2 and Figure 2). NLR demonstrated the highest

discriminatory capacity with an AUROC of 0.87 (95% CI: 0.78—
0.97, p < 0.0001). ANC also performed well with an AUROC
of 0.79 (95% ClI: 0.65-0.93, p = 0.0015), while CRP showed a
moderate predictive value with an AUROC of 0.74 (95% Cl:
0.58-0.90, p = 0.01). However, the differences between the
AUROGCs were not statistically significant (p = 0.1427).

Cut-off values were calculated using Youden’s Index
to optimize sensitivity and specificity (Table 3). An NLR
> 0.8 yielded a sensitivity of 78.4% and specificity of 90%,
corresponding to an LR* of 7.9 and an LR™ of 0.2. In contrast,
CRP > 7 mg/L and ANC > 5.8 K/uL showed lower sensitivity
(56.9% and 60.5%, respectively) but similarly high specificity
(both at 90%). When clinical features were incorporated into
the diagnostic algorithm, the overall performance shifted.
Combining NLR > 0.8 and CRP > 7 mg/L with the presence
of high fever or a history of recurrent pneumonia slightly
increased specificity to 93.3% and 94.4% respectively,
while further reducing sensitivity. On the other hand,
the correlation analysis between NLR and CRP revealed a
Spearman’s rho of 0.514 (p <0.0001), suggesting a moderate
positive correlation.

Table 1. Clinical and laboratory comparision between severe bacterial and viral CAP

Characteristics Bacterial (n=51) Virus (n=10) p-value
Age <24 months, n (%) 44 (86.3) 8 (80.0) >0.05"
Underlying conditions, n (%) 18 (35.3) 4 (40.0) >0.05"
Incomplete vaccination, n (%) 30 (58.9) 2(20.0) <0.05"
History of pneumonia, n (%) 36 (70.6) 2(20.0) <0.005"
High fever, n (%) 21(41.2) 1(10.0) <0.05"
Wheezing, n (%) 33 (64.7) 10 (100.0) <0.05"
WBC (K/uL), median (min, max) 11.3(8.3,17.1) 11.9(9.2, 16.4) >0.05%
ANC (K/uL), median (min, max) 6.3 (3.6, 10.8) 3.2(1.5,4.9) <0.005%
ALC (K/uL), median (min, max) 42(2.8,6.4) 6.4(4.1,8.8) >0.05%
NLR, median (min, max) 1.4(0.9,2.3) 0.5(0.4,0.7) 0.0002%
CRP (mg/L), median (min, max) 10.2 (3.4,31.4) 1.5(1.0, 4.6) 0.01%
CAP: Community-acquired pneumonia, WBC: White blood cell count, ANC: Absolute neutrophil count, ALC: Absolute lymphocyte count, NLR: Neutrophil-to-lymphocyte ratio,
CRP: C-reactive protein, uL: Microliter, mg: Milligram, L: Liter, TFisher’s exact test, *Mann-Whitney U test

Table 2. AUROCs of basic inflammatory markers

Inflammatory markers AUROC 95% confidence interval p-value
CRP 0.74 0.58-0.9 0.01
ANC 0.79 0.65-0.93 0.0015
NLR 0.87 0.78-0.97 <0.0001

AUROC: Area under the receiver operating characteristic curve, ANC: Absolute neutrophil count, NLR: Neutrophil-to-lymphocyte ratio, CRP: C-reactive protein

J Curr Pediatr 2026;24(1):1-9
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Table 3. Optimal cut-offs and diagnostic metrics of inflammatory markers
Inflammatory marker Sensitivity (%) Specificity (%) LR* LR
CRP > 7 (mg/L) 56.9 90 5.7 0.4
NLR > 0.8 78.4 90 7.9 0.2
ANC > 5.8 (K/uL) 60.5 90 6.1 0.4
CRP >7 (mg/L) + NLR > 0.8 + high fever 55.5 93.3 8.8 0.2
;C)ElzuznZo(mag/L) + NLR > 0.8 + history of 573 94 .4 85 03
LIE*:“;ositfxe likelihood ratio, LR Negative likelihood ratio, CRP: C-reactive protein, NLR: Neutrophil-to-Lymphocyte ratio, ANC: Absolute neutrophil count, mg: Milligram, L: Liter,
uL: Microliter
multiple pathogens in the BSCAP emphasizes the need for
10f diagnostic approaches capable of detecting co-infections, as

0.8

°
o

Sensitivity

o
IS

021

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1 - Specificity

Figure 2. Receiver operating characteristic (ROC) curve of basic
inflammatory

The neutrophil-to-lymphocyte ratio (NLR) (black) showed the highest
discriminative performance (AUC = 0.8725), followed by neutrophils
(purple; AUC = 0.7922) and C-reactive protein (CRP) (pink; AUC =
0.7412). The dashed diagonal line indicates no discrimination.

Discussion

This study highlights the microbial complexity in pediatric
severe CAP, with a predominance of bacterial etiology
confirmed by RT-PCR. Among the 61 children enrolled,
83.6% had bacterial pneumonia, reinforcing the high burden
of bacterial pathogens. SP and HI were the most frequent
organisms, consistent with global epidemiological data
on pediatric CAP. (3,7). The frequent occurrence of SP—HI
coinfections and the presence of triple-pathogen infections
in 8 cases underscore the polymicrobial nature of BSCAP in
children.

These findings align with previous reports suggesting
that mono-infection is relatively uncommon in hospitalized
pneumoniaand that co-pathogen interactions may contribute
to increased disease severity (3,8,9). The identification of

J Curr Pediatr 2026;24(1):1-9

treatment regimens may need to be adjusted accordingly,
particularlyinresource-limited settingswhere microbiological
diagnostics are not routinely available. Moreover, the study
highlights the value of molecular diagnostics such as RT-PCR
in informing targeted treatment strategies.

A history of recurrent pneumonia is a notable risk factor
for BSCAP in children. Although multiple microbial causes
have been described, data on specific pathogens in recurrent
cases remain limited. A 13-year study of 1,395 hospitalized
children with severe CAP found bacterial pathogens in 70%
of cases, suggesting that recurrent episodes may impair
mucosal defenses and mucociliary clearance, facilitating
chronic bacterial colonization and secondary infections
(9). Clinically, high fever is more indicative of BSCAP, while
wheezing is more typical of VSCAP. Studies have shown that
bacterial pneumonia is often suspected in the absence of
wheezing, whereas wheezing is a hallmark of viral infections.
Moreover, high fever was significantly more common in
bacterial cases, supporting the use of these symptoms to
guide early etiological suspicion in severe pediatric CAP (9).

In many developing countries, accurately identifying
the microbial etiology of pediatric pneumonia remains
a significant challenge due to limited access to specific
diagnostic tests (7). This often results in empirical antibiotic
use, leading to inappropriate prescriptions and excessive use,
thereby contributing to the growing problem of antimicrobial
resistance. In this study, all children (100%) received antibiotic
treatment prior to microbiological confirmation. The primary
aim of our research was to evaluate the utility of accessible
inflammatory biomarkers, namely CRP, ANC, and NLR, to
differentiate between viral and bacterial severe CAP. These
markers are readily available in primary care settings and
resource-limited areas. Our findings indicate that children
with BSCAP had significantly higher ANC, NLR, and CRP levels
compared to those with viral pneumonia.
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Neutrophils play a critical role in the early immune
response to infection, particularly against bacterial
pathogens (10,11). In our study, ANC was significantly higher
in children with BSCAP (AUROC = 0.79; 95% Cl: 0.65-0.93; p =
0.0015). This aligns with findings by Elemraid et al. (12), who
reported higher neutrophil counts in bacterial compared to
viral pneumonia, with an AUROC of 0.859 and a cut-off of
10,000 cells/mm? yielding 88.1% specificity. Although our
identified cut-off (5,800 cells/uL) was lower, it achieved a
comparable specificity of 90%. This difference may reflect
immunological dynamics in severe infections, such as
enhanced tissue recruitment, toxin-induced bone marrow
suppression, or immune modulation (13). Thus, while ANC
is a useful diagnostic marker, lower thresholds may be more
appropriate in severe CAP.

CRP, a liver-derived acute-phase reactant, is commonly
used to assess systemic inflammation. CRP has been reported
as an independent predictor of bacterial pneumonia (14). In
this study, CRP demonstrated moderate diagnostic utility for
BSCAP with an AUROC of 0.74 (95% Cl: 0.58-0.90). A CRP cut-
off of > 7 mg/L yielded 56.9% sensitivity and 90% specificity
(LR* 5.7; LR 0.4). Esposito et al. (15,16) reported varying CRP
performance across studies, with mean CRP values ranging
from 21.3-32.2 mg/L in bacterial cases and AUROCs between
0.58 and 0.63. While these studies confirm CRP’s diagnostic
relevance, an optimal threshold remains context-dependent.
The lower cut-off observed in our cohort may reflect early-
phase infections or immune dysregulation in severe cases,
where pro-inflammatory signaling and hepatic CRP synthesis
are suppressed (17). This suggests that lower CRP thresholds
should be considered when evaluating children with severe
pneumonia.

In recent years, the neutrophil-to-lymphocyte ratio (NLR),
calculated from the absolute neutrophil and lymphocyte
counts, has emerged as a promising biomarker for diagnosing
bacterial infections such as sepsis and pneumonia. Previous
studies reported AUROC values between 0.70 and 0.78,
indicating moderate diagnostic accuracy, comparable to
CRP and procalcitonin in emergency settings (18,19). In
our study, NLR demonstrated the highest AUROC of 0.87
(95% Cl: 0.78-0.97), with a cut-off value of > 0.8 yielding
a sensitivity of 78.4% and specificity of 90%. However, the
difference between markers was not statistically significant
(p > 0.05). In the early stages of severe pneumonia,
particularly in rapidly progressing cases, NLR rises much
earlier and is more sensitive than ANC and CRP levels (20).
Lymphopenia and neutrophilia represent a physiological
response to systemic inflammation, especially bacterial

infections. Lymphopenia results from increased apoptosis,
redistribution of lymphocytes into the reticuloendothelial
system, and migration into lymphoid tissues. In contrast,
neutrophilia occurs due to bone marrow stimulation by
inflammatory cytokines. Therefore, NLR effectively integrates
two opposing immune responses to systemic inflammation.
Recent studies indicate that NLR has a stronger prognostic
value than traditional inflammatory markers, including total
leukocyte count, ANC, and CRP in CAP (9,21). However, a study
published in Scientific Reports concluded that NLR alone is
not a reliable marker for distinguishing bacterial from viral
CAP (22). Thus, integrating clinical features and additional
markers remains essential for improving diagnostic accuracy.
A more accurate diagnostic approach involves combining
NLR, lymphocyte-monocyte ratio (LMR), CRP levels, and
clinical characteristics (23). According to Elemraid et al. (12),
combining CRP, NLR, and ANC achieved an AUROC of 0.894,
with 75.7% sensitivity and 89.4% specificity. Similarly, another
study reported that adding clinical symptoms to CRP and NLR
increased the AUROC to 0.897 (24). Research also shows that
integrating serum amyloid A and CRP with clinical signs, such
as wheezing or absence of fever, improves specificity but
lowers sensitivity (14). These findings align with our study,
where combining NLR and CRP with clinical features slightly
increased specificity (93.3%—94.4%) at the cost of reduced
sensitivity.

Study Limitations

This study has several limitations. First, the sample size
was relatively small and limited to a single tertiary pediatric
hospital, which may restrict the generalizability of the
findings to other settings, particularly in rural or primary care
contexts. Second, although RT-PCR was employed as the gold
standard for etiological diagnosis, it may not fully distinguish
between active infection and colonization, especially in cases
of co-infection. Third, the exclusion of mixed bacterial-viral
infections may limit insights into the full clinical spectrum of
severe CAP in children. Fourth, inflammatory markers such
as CRP, ANC, and NLR may be influenced by factors beyond
infection, including underlying conditions or host immune
responses, which were not fully accounted for in this study.
Future studies should include larger, multicenter cohorts to
enhance external validity. Incorporating quantitative viral
and bacterial load data and additional biomarkers such as
procalcitonin, serum amyloid A (SAA), and cytokine profiles
may provide a more comprehensive understanding of host-
pathogen interactions. Furthermore, machine learning
models integrating clinical, laboratory, and imaging data

J Curr Pediatr 2026;24(1):1-9



8  Ngo et al. Inflammatory Markers in Severe Pediatric Pneumonia

may improve diagnostic accuracy and support antibiotic
stewardship, particularly in low-resource settings.

Conclusion

Basic inflammatory markers such as NLR, ANC, and CRP
may offer valuable preliminary indications of severe bacterial
pneumonia, particularly in resource-limited settings.
However, due to their inherently modest sensitivity when
used in isolation, relying solely on these markers may lead
to diagnostic inaccuracies. Therefore, to enhance diagnostic
precision, especially in distinguishing bacterial from viral
etiologies, it is essential to incorporate a combination
of clinical features, such as fever patterns or a history of
recurrent infections, along with other complementary
inflammatory biomarkers.
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Abstract

Introduction: The World Health Organization has recognized vaccine hesitancy as one
of the top ten threats to global health. Consequently, it is imperative to investigate
vaccine hesitancy both between and within countries. The aim of this study was to
determine the prevalence of vaccine hesitancy among mothers of children aged five
years and under in northeastern Turkey and to identify the factors associated with
vaccine hesitancy.

Materials and Methods: This cross-sectional study was conducted with mothers
presenting to the pediatric outpatient clinic of a public hospital. Maternal reluctance
toward vaccination was evaluated using the Parents’ Attitudes about Childhood
Vaccines (PACV) scale. Data were analyzed by chi-square and logistic regression analysis.
Results: Of the participating mothers, 27.4% exhibited vaccine hesitancy. Independent
predictors of vaccine hesitancy were having a male child, active use of social media,
and the father’s attainment of a university degree.

Conclusion: In this study, vaccine hesitancy was found to be considerably higher
compared to other studies conducted in Turkey. Therefore, further research on
vaccine hesitancy should be conducted at the national level, considering different
communities and cultures, and local health policies should be developed to address
the identified risk factors.

0z

Giris: Diinya Saglk Orgiitii, asi teredd itiini kiiresel saglik icin en biiyiik on tehditten biri
olarak kabul etmistir. Dolayisiyla, tlkeler arasinda ve tilkeler icinde asi tereddiitiiniin
arastirilmasi zorunludur. Bu ¢alismanin amaci, Turkiye'nin kuzeydogusunda bes yas
ve alti cocuklarin anneleri arasinda asi tereddittinin yayginhigini belirlemek ve asi
teredduttyle iliskili faktorleri belirlemektir.

Gere¢ ve Yontem: Bu kesitsel calisma, bir kamu hastanesinin cocuk poliklinigine
basvuran annelerle gerceklestirildi. Annelerin asiya karsi isteksizligi, Ebeveynlerin
Cocukluk Cagi Asilarina iliskin Tutumlar (PACV) 6lcegi kullanilarak degerlendirildi.
Veriler ki-kare ve lojistik regresyon analizi ile analiz edildi.

Bulgular: Katilimci annelerin %27,4’tinde asi teredditi saptanmistir. Asi teredditii ile
anlamli bicimde iliskili bagimsiz degiskenler; erkek cocuga sahip olma, sosyal medyayi
aktif kullanma ve babanin tiniversite mezunu olmasi olarak belirlenmistir.

Sonug: Bu calismada, asi teredditiintin Turkiye'de yapilan diger calismalara kiyasla
onemli olctide yiiksek oldugu bulunmustur. Bu nedenle, farkli toplumlar ve kiiltiirler
goz oninde bulundurularak ulusal diizeyde asi tereddiitii lzerine daha fazla
arastirma yapilmali ve belirlenen risk faktorlerini ele almak icin yerel saglk politikalari
gelistirilmelidir.
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Introduction

Vaccines currently prevent more than 30 life-threatening
diseases and infections, saving millions of lives annually and
constituting a hallmark achievement in global public health
(1). Childhood immunization programs, in particular, have
driven substantial reductions in morbidity and mortality
among children under five years of age (2). Nevertheless,
the rising phenomenon of vaccine hesitancy—globally
and regionally—now threatens to undermine these gains
(3). Accordingly, the World Health Organization (WHO) has
designated vaccine hesitancy as one of the ten greatest
threats to global health.

WHO definesvaccine hesitancy as the reluctance or refusal
to vaccinate despite the availability of vaccination services
(4). As incidences of vaccine-preventable diseases decline,
public confidence in the necessity and safety of vaccines has
been increasingly questioned, leading some individuals to
delay or completely forego recommended immunizations.

Vaccine hesitancy cannot be explained by a single cause;
it stems from a multifaceted interplay of social, psychological,
cultural, political, and personal factors. Vaccine hesitancy
and related behaviors are further exacerbated by social
media platforms (5). Social media platforms facilitate the
rapid spread of misinformation, particularly among those
with limited health literacy, leading to negative attitudes.

Given the significant contribution of vaccine hesitancy to
declining vaccination rates, a comprehensive understanding
of vaccine hesitancy is vital for developing strategies aimed at
increasing childhood immunization rates (6). Therefore, the
aim of this study was to determine the frequency of vaccine
hesitancy among mothers of children aged 0-59 months old
in Northeast Turkey and to identify causal factors related to
vaccine hesitancy.

Materials and Methods

Study Setting: This study was conducted at the largest
public hospital in northeastern Turkey, a region bordering
Georgia, Armenia, the Nakhchivan Autonomous Republic
(Azerbaijan), and Iran (7).

Economically, this area falls below the national average,
and its health indicators rank lowest in Turkey. The number
of healthcare personnel per 1,000 people is below the Turkish
average. Both the infant mortality rate (11.2 per 1,000 live
births) and maternal mortality rate (24.5 per 100,000 live
births) are above the Turkish average. Additionally, the region
has the lowest vaccination rates in Turkey (7).

Study Design: This research was designed as a cross-
sectional observational study.

Study Population: The study population consisted of
mothers of children aged 0-59 months who presented
to the pediatric outpatient clinics of a public hospital in
Northeastern Turkey. During the planning phase of the study,
it was anticipated that data would be collected during the
months of April, May, and June 2024. Therefore, the number
of children aged 0-59 months who presented to the pediatric
outpatient clinic in April, May, and June of the previous year
(2023) was accepted as the study population. Accordingly, the
population was determined as 1,813 eligible mother—child
dyads.

Study Sample: The required sample size was calculated
using the formula: n = N2 p g/d* (N — 1) + t2 p q. Here, N is
the number of individuals in the population, n is the number
of individuals to be sampled, p is the prevalence (probability)
of the event under investigation, q is the prevalence
(probability) of the event not occurring; t is the theoretical
value from the table at a specific degree of freedom and the
determined margin of error, and d is the desired + deviation
relative to the prevalence of the event (8). Accordingly, with p
=0.50, g =0.50,t =1.96, and d = 0.05, the sample size was
determined to be 317 individuals.

Dependent Variable: Vaccine hesitancy.

Independent Variables: Social and demographic
characteristics related to the family, mother, and child.

Preparation of the Data Collection Form: The data
collection form consisted of two main parts. The first part
comprised questions regarding the sociodemographic
characteristics of the child and family, and the second
part consisted of the Parents’ Attitudes Towards Childhood
Vaccines Scale (PACV) questions. The PACV scale is a valid and
reliable scale adapted for the Turkish population. Responses
that indicate vaccine hesitancy are scored 2 points, responses
that indicate non-hesitancy are scored 0 points, and
responses indicating indecision are scored 1 point. The total
scale score ranges from 0 to 30. For items with missing data,
the total raw scores are recalculated using a simple linear
calculation method to fit a scale ranging from 0 to 100 thus
obtaining a transformed score. A transformed PACV score
of <50 indicates no vaccine hesitancy, whereas a score >50
indicates vaccine hesitancy (9).

Pilot Study: Prior to data collection, the data collection
form was tested on 6 mothers, and necessary corrections
were made.

J Curr Pediatr 2026;24(1):10-15
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Ethical Considerations: Prior to the commencement of
the study, ethical approval was obtained from the Clinical
Research Ethics Committee of Kafkas University Faculty of
Medicine with the (approval number: 80576354-050-99/556,
date: 30.10.2024). All parents participating in the study were
given detailed information about the purpose, scope, and
confidentiality principles of the study, and written informed
consent was obtained from those who agreed to participate
voluntarily. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Data Collection: Data were collected by a pediatrician
during face-to-face interviews with mothers who brought
their children to the pediatric outpatient clinic for
examination and volunteered to participate in the study.

Exclusion Criteria: Mothers of children with
contraindications to vaccination, and parents or caregivers
other than the child’s mother who brought the child to the
hospital were not included in the study.

Statistical Analysis

Data were analyzed using the Statistical Package for
the Social Sciences (SPSS) software, version 20.0 (IBM Corp.,
Armonk, NY, USA). Descriptive statistics were presented as

frequencies and percentages. Chi-square tests were used
for pairwise comparisons, and Backward Likelihood Ratio
(LR) logistic regression analysis was performed to determine
causal relationships. A p-value of <0.05 was considered
statistically significant.

Results

In this study, the prevalence of maternal vaccine
hesitancy was 27.4%.

In pairwise analyses, significant associations were
observed between vaccine hesitancy and the following
factors: child’s gender (p = 0.007), following vaccine-related
content on social media (p = 0.022), mother’s education level
(p = 0.036), father’s education level (p = 0.007), mother’s
health insurance status (p = 0.035), and family income (p =
0.024) (Table 1).

Logistic regression analysis was performed to identify
independent risk factors. Mothers of male children had
1.95-times higher odds (95% Cl: 1.165-3.274), mothers who
followed vaccine information on social media had 1.93-times
higher odds (95% Cl: 1.020-3.650), and those whose partners
held a university degree had 1.75-times higher odds (95% Cl:
1.034-2.956) of exhibiting vaccine hesitancy (Table 2).

Table 1. Effects of independent variables on the dependent variable (Northeastern Tiirkiye. 2024)
Vaccine hesitancy
. Total
Independent variables Yes No 1 P
Number (%)° | Number (%) | Number (%)™
, Urban 73 (29.8) 172 (70.2) 245 (77.3)
Place of residence 2.994 0.084
Rural 14 (19.4) 58 (80.6) 72 (22.7)
, only child 57 (28.9) 140 (71.1) 197 (62.1)
Number of children - 0.580 0.446
>2 children 30 (25.0) 90 (75.0) 120 (37.9)
First pregnanc 29(32.2 61 (67.8 90 (28.4
Pregnancy order preg i 622 (67.8) (284 1.441 0.230
Subsequent pregnancy | 58 (25.6) 169 (74.4) 227 (71.6)
, Male 54 (34.2) 104 (65.8) 158 (49.9)
Sex of the child 7.170 0.007
Female 33(20.8) 126 (79.2) 159 (50.2)
; i Yes 21(40.4 31(59.6 52 (16.4
Social media use on (40.4) (59.6) (16.4) 5.231 0.022
vaccine content No 66 (24.9) 199 (75.1) 265 (83.6)
1 29 (31.9) 62 (68.1) 91 (28.7)
Mother’s parity 2 29 (28.7) 72 (71.3) 101 (31.9) 2.107 0.349
3 and above 29 (23.2) 96 (76.8) 125 (39.4)
‘ <34 years 55 (28.5) 138 (71.5) 193 (60.9)
Median age of mother 0.275 0.600
>35 years 32 (25.8) 92 (74.2) 124 (39.1)
. University graduate 41(34.2) 79 (65.8) 120 (37.9)
Mother’s education - 4.382 0.036
High school or lower 46 (23.4) 151 (76.6) 197 (62.1)
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Table 1. Continued
Vaccine hesitancy
. Total
Independent variables Yes No e P
Number (%)° | Number (%)" | Number (%)™
. University graduate 43 (36.1) 76 (63.9) 119 (37.5)
Father’s education - 7.225 0.007
High school or lower 44 (22.2) 154 (77.8) 198 (62.5)
’ Income generatin 24 (28.2 61(71.8 85(26.8
Mother’s employment g 8 (28.2) (71.8) (26.8) 0.036 0.849
status Housewife 63 (27.2) 169 (72.8) 232 (73.2)
) SSI 82(29.4 197 (70.6 279 (88.0
Mother’s health (29-4) (70.6) (88.0) 4426 0.035
Insurance status Green Card 5(13.2) 33 (86.8) 38(12.0)
Father's employment Employed 80 (28.3) 203 (71.7) 283 (89.3) 0,699 0343
status Unemployed 7 (20.6) 27 (79.4) 34 (10.7) ’ ’
i Yes 16 (28.6 40 (71.4 56 (17.7
Consqngumeous ( ) ( ) ( ) 0.043 0.835
marriage No 71(27.2) 190 (72.8) 261 (82.3)
‘ Extended 26 (28.0) 67 (72.0) 93 (29.3)
Family type 0.017 0.895
Nuclear 61(27.2) 163 (72.8) 224 (70.7)
Income higher than
N expenses 26(38.2) 42 (61.8) 68 (21.5)
Family income status | | " 5.062 0.024
ncome lower than
expenses 61(24.5) 188 (75.5) 249 (78.5)
Both parents 51 (28.7) 127 (71.3) 178 (56.2)
Primary decision-maker | Father 16 (26.2) 45 (73.8) 61(19.2) 0.303 0.859
Mother 20 (25.6) 58 (74.4) 78 (24.6)
Total 87 (27.4) 230 (72.6) 317 (100.0)
“Row percentage, ““Column percentage, SSI: Social Security Institution
Table 2. Results of logistic regression analysis (Northeastern Tiirkiye, 2024)
Dependent variable: Vaccine hesitancy
Independent variables B SE Wald P Odds ratio | 95% CI (min-max)
. Male 0.669 0.264 6.448 0.011 1.95 1.165-3.274
Sex of the child
Female 1
Social media use on | Yes 0.657 0.325 4.079 0043 |193 1.020-3.650
vaccines No 1
, . University graduate 0.559 0.268 4.344 0.037 1.75 1.034-2.956
Father’s education -
High school or lower 1

Discussion

Numerous studies have quantitatively assessed parental
attitudes and beliefs toward childhood vaccination in various
countries. However, most studies did not employ a validated
questionnaire.  Furthermore, there were substantial
differences in how questionnaires were developed and which
items were included; creating challenges in comparing the
findings (10).

In the present study, the frequency of vaccine hesitancy
was 27.4%. Prevalence rates for pediatric vaccine hesitancy

using the PACV scale are reported to range between 5.0% and
30.0% (10). For example, prevalence of vaccine hesitancy was
24.6% among mothers of preschoolers in Italy (11), 27.9%
among mothers of 0-59-month-old children in Pakistan (12),
25.9% among a similar cohort in Cameroon (13), and 15.0%
among mothers of neonates in Canada (14). In Turkey, the
prevalence of vaccine hesitancy was reported as 9.4% and
13.0% in two studies conducted with mothers of preschool
children (5,15), 13.8% in a study conducted with pregnant
women (16), and 22.5% in a study conducted with mothers
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of children aged 2—6 years (17). These findings underscore
substantial heterogeneity in vaccine hesitancy both between
and within countries, likely driven by local cultural norms,
regional socioeconomic development, and social factors.

In our multivariable model, mothers of male children
had 1.95-times greater odds of exhibiting vaccine hesitancy
compared to mothers of females (95% Cl: 1.16-3.27).
Patriarchal family structure is dominant in the region where
the present study was conducted. In the patriarchal family, a
woman can only consolidate her position if she gives birth to
a son. Therefore, in patriarchal families, different meanings
are attached to boys and girls. A male child is seen as the
continuation of the lineage and the family’s security in old
age. In such families, the woman’s status is strengthened
by bearing a male child, and by giving birth to a son, the
woman gains prestige in society (18). In the literature, the
misconception that vaccines “cause infertility in males”
is prevalent both in Turkey (19,20) and in other countries
(21,22). Consequently, it can be argued that parents hesitate
to vaccinate their male children to shield them from the
perceived risk of infertility.

Mothers who followed anti-vaccine content on social
media had 1.93-times higher odds of exhibiting vaccine
hesitancy compared with those who did not (95% Cl: 1.02—
3.65). Social media refers to interactive communication
platforms where users search, utilize, and produce content
online; in other words, it enables media communication
transitioning from one-way content sharing to bidirectional
content exchange (e.g., applications such as Weibo, Twitter,
Facebook, Instagram, LinkedIn, and Pinterest) (23-25). An
“infodemic” occurs when an overabundance of information—
including false or misleading content—spreads across
digital and physical environments during an outbreak,
leading to public confusion and risky health behaviors (26).
One study estimated that the proportion of health-related
misinformation on social media ranged from 0.2 % to 28.8 %
(27). In a study conducted during the COVID-19 pandemic,
parents who used social media as a source of vaccine
information reported 5.3-times greater hesitancy toward
childhood immunizations than those who did not (28). In
a study conducted in Turkey, vaccine hesitancy was three
times more prevalent among parents following anti-vaccine
groups on social media compared with non-followers
(16). Another Turkish study likewise found a significant
association between social media use and vaccine hesitancy
in a bivariate analysis (15). Overall, studies consistently link
social media-driven disinformation campaigns with declines
in average vaccination coverage (29).

When mothers whose spouses had lower educational
attainment were used as the reference group, those whose

J Curr Pediatr 2026;24(1):10-15

partners held a university degree demonstrated 1.75-times
higher odds of exhibiting vaccine hesitancy (95% Cl: 1.03—
2.96). A previous study on COVID-19 vaccine acceptance has
reported higher hesitancy among men than women (30).
However, the relationship between education level and
vaccine acceptance in the literature remains ambiguous.
Multiple studies indicate that parents with less formal
education tend to have lower trust in the medical community,
express greater concerns about vaccine safety, and exhibit
lower belief in the necessity and efficacy of vaccines (31).
In contrast, other literature has determined that higher
education fosters a more critical perspective leading
to comprehensive questioning of vaccines, noting that
individuals with higher education levels are approximately
four-times more likely to worry about vaccine safety
compared to those with lower education (32). Thus, it can
be concluded that only education level may be acting as a
confounder in the overall decision-making process regarding
immunization.

Study Limitations

A key strength of this study is the use of the validated
PACV scale. Furthermore, this is the first study conducted in
this region using the PACV scale.

However, there are certain limitations of the study.
Because of the hospital-centered design, caution is warranted
when generalizing findings to the broader community.
Another limitation is the cross-sectional nature of the data,
representing only a specific time interval.

Conclusion

In this study, vaccine hesitancy was considerably
higher compared to other research conducted in Turkey.
Independent risk factors included having a male child,
following vaccine-related content on social media, and
having a spouse with university-level education.

Recommendations

Efforts to combat negative vaccine-related information
on social media should be intensified both globally and
nationally. Additionally, research on vaccine hesitancy
targeting diverse populations and cultures should be
conducted at the national level, and local health policies
addressing identified risk factors should be developed.
Crucially, these policies should include enhancing healthcare
workers” awareness of vaccine hesitancy issuesand expanding
their capacity to provide personalized counseling to parents.
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Abstract

Introduction: Since heart failure is among the most important mortality reasons
among Thalassemia Major patients, these patients must be regularly checked for
heart problems.

Our study was planned to compare pulse wave doppler images and segmental tissue
doppler images from 8 different areas and their copeptin, NT-pro ANP, NT-proBNP,
CK-MB, and ultra-sensitive troponin | value with those of healthy individuals.
Materials and Methods: Fifty-nine Thalassemia Major patients over the age of
10, who were asymptomatic concerning cardiac symptoms, were divided into two
groups (Group 172*<20 msn and Group 2: >20 msn). Echocardiography data and
biochemical parameters of patient groups were compared with the control group.
Results: In both patient groups, NT-proBNP values were found to be significantly higher
compared to the control group (p<0.001), and no correlation was found between NT-
proBNP and cardiac MRI. In tissue doppler imaging of lateral and medial sections
of the mitral annulus, it was seen that IVCT and IVRT measurements of both patient
groups were extended and Myocardial Performance Index (MPI) measurements were
increased. E°, A", and S measurements of Group 1 were found to be lower compared
to the control group. There were no significant differences between the groups in
terms of copeptin, NT-proANP, CK-MB, and US-Troponin | values.

Conclusion: Investigated biochemical indicators could not be strongly correlated with
iron accumulation. By calculating MPI values with tissue doppler echocardiography,
global cardiac dysfunction may be identified earlier and chelation therapy may be
revised.

0z

Giris: Talasemi Major hastalarinda kalp yetmezligi en 6nemli 6ltim nedenlerinden
biri oldugundan, bu hastalarin duzenli olarak kalp sorunlari agisindan kontrol
edilmesi gerekmektedir.

Calismamizda, Talasemi Major hastalarinda 8 farkli bolgeden alinan nabiz dalga
doppler gortintileri ve segmental doku doppler goriintiilerinin yani sira copeptin,
NT-pro ANP, NT-proBNP, CK-MB ve ultra-duyarli troponin | degerlerinin saglkli
bireylerle karsilastiriimasi planlandi.

Gereg ve Yontem: Kalp ile ilgili semptomlari bulunmayan, 10 yas tizeri 59 Talasemi
Major hastasi iki gruba ayrildi (Grup 1: T2*<20 msn ve Grup 2: T2*>20 msn). Hasta
gruplarinin ekokardiyografi verileri ve biyokimyasal parametreleri kontrol grubu ile
karsilastinldi.

] Curr Pediatr 2026;24(1):16-26
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Bulgular: Her iki hasta grubunda NT-proBNP degerleri kontrol grubuna gore anlamli derecede yiiksek bulundu (p<0,001) ve NT-
proBNP ile kardiyak MRG arasinda iliski bulunmadi. Mitral andilisiin lateral ve medial kesimlerine ait doku doppler goriintiilerinde
her iki hasta grubunda da IVCT ve IVRT ol¢timlerinin uzadigi ve Miyokardiyal performans indeksi (MPI) 6lctiimlerinin arttigi gortildu.
Grup 1in E7, A" ve S olctimleri kontrol grubuna gore daha distk bulundu. Copeptin, NT-proANP, CK-MB ve ultra-duyarli Troponin |

degerleri acisindan gruplar arasinda anlamli bir fark saptanmadi.

Sonug: incelenen biyokimyasal gostergeler demir birikimi ile giiclii bir sekilde iliskilendirilemedi. Ancak doku doppler ekokardiyografi
ile MPI degerleri hesaplanarak, butiinsel kardiyak fonksiyon bozuklugu daha erken tespit edilebilir ve selasyon tedavisi yeniden

duizenlenebilir.

Introduction

Beta-thalassemia major is a hereditary blood disorder,
resulting in severe anemia as a result of anomalies in the
beta chain of hemoglobin. In B-thalassemia patients, severe
anemia develops progressively, starting from the first few
months of extrauterine life. These patients require regular
blood transfusions to treat severe anemia, which develops as
a result of ineffective erythropoiesis, and to improve survival
(1-4). Regular blood transfusions impose a significant iron
burden on the organism, in particular on the heart and
endocrine organs (5-9). Although iron chelators are used
today to prevent iron burden, and to shape the treatment,
regular monitoring of the body iron burden is necessary.
Body iron burden alone is not sufficient in the determination
of treatment, and monitorization of cardiac iron burden,
which is directly related to long-term survival (10,11). The
technique, considered the gold standard for monitoring
cardiac iron burden, is cardiac T * Magnetic Resonance
Imaging (T,* MRI) (2). However, the unavailability of the T,*
MRI application in all healthcare institutions and its restricted
use when available, the requirement of an appointment
for MRI scans, potential problems, caused by the software
program, and the patients’ fear of MRI scans, suggest that
it would be appropriate to use novel and reliable methods,
which are easy to implement in clinical monitorization of
patients.

Ferritin has been used for long years as a marker for
monitoring iron accumulation in thalassemia patients and
adjustment of iron chelation treatment doses. However,
ferritin levels may be elevated in many conditions, such
as inflammation, liver, and kidney disorders (12,13). In
addition, there are studies, showing that ferritin levels are not
associated with cardiac iron accumulation (14). Many studies
have been conducted to determine whether various cardiac
biomarkers were correlated with ferritin and whether they
could be considered as an indicator in the demonstration
of cardiac iron accumulation (15,16). Cardiac biomarkers
include troponin, Creatinine Kinase MB (CK-MB), natriuretic

peptides (N-terminal atrial natriuretic peptide (NT-ANP) and
N-terminal brain natriuretic peptide (NT-BNP) and recently,
copeptin. Copeptin molecule, a precursor peptide to arginine
vasopressin (AVP), whose excretion is thought to be triggered
by endogenous stress mechanisms, has been studied in non-
thalassemia populations for various indications, in particular
acute myocardial infarct and heart failure (17-19).

The objective of this study is to compare pulse wave (PW)
Doppler images and segmental tissue Doppler (TD) images
from 8 different areas and their NT-proANP, NT-proBNP, CK-
MB, ultra-sensitive troponin I, and copeptin value of beta-
thalassemia (5-Thal) patients, who were grouped according to
cardiac iron accumulation, with those of healthy individuals.

Materials and Methods

Before the study, approval was obtained from Akdeniz
University Faculty of Medicine, Clinical Studies Ethics
Committee. Informed consent was obtained from the persons
in patient and control groups, who were over the age of 18,
and from parents of persons, who were under the age of 18.

Patient and Control Group

63 B-Thal patients, over the age of 10, who had been
regularly monitored by Akdeniz University, Faculty of
Medicine, Department of Pediatric Hematology, and as the
control group, 29 healthy individuals with matching ages
and genders, were included in the study. 4 patients in the
B-Thal group were excluded due to the absence of recent
(within the last 6 months) T * MRI results. 5 persons in the
control group were excluded from the study due to anemia,
discovered during the study (hemoglobin <12 g/dL).

Cardiac MRI results of patients within the last six months
were accessed via hospital electronic system records and MRI
scans of all patients were made using a 1.5-Tesla (Siemens
Magnetom Avanto) device. Patients were divided into two
groups based on their T,* MRI results:

Group 1: T,* MRI < 20 msn n=26

Group 2: T* MRI > 20 msn n=33

J Curr Pediatr 2026;24(1):16-26
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Age, gender, height, weight measurements, and last
exercise dates of 59 B-Thal patients and 24 control group
individuals were recorded. After at least 10 minutes of rest
and after confirmation that they had not consumed tobacco,
alcohol, tea, and coffee within the last 2 hours and they
had not made intensive exercise for the last 6 hours, blood
pressure measurements were taken. Then, the blood samples
of participants were taken to three separate tubes (with
EDTA, heparin, and plain serum tube). After the acquisition
of blood samples, while complete blood counts were studied
on the same day, serum (for CK-MB, us-Trl, and NT-proBNP)
and plasma (for NT-proANP, copeptin) were separated and
stored at -80°C.

Measurement of Biochemical Parameters

Hemograms were studied using Advia 120 device and
US-Troponin I, CK-MB, and NT-proBNP were measured using
Siemens Centaur XP and Immulite 2000 devices. Copeptin
and NT-proANP concentrations were determined via
Sandwich enzyme-linked immunosorbent assay (20) method,
using commercial kits (Copeptin: Cat. No: MBS2600645 and
NT-proANP: Cat. No: MBS2023123) in line with kit protocols.

Echocardiographic Evaluation

Conventional and Tissue Doppler ECHO images of
participants were obtained using 3 MHz probes of Vivid 7
Pro, Horten, Norway, device, with the patient lying on the left
side. In conventional ECHO, regional contractile anomalies,
systolic and diastolic diameters, volumes, ejection fraction,
fractional shortening, and diameters of cardiac cavities
were evaluated. Left ventricle (LV) diastolic functions were
measured via transmitral pulse wave (PW) Doppler velocity
records at the apical four-chamber position. Systolic and
diastolic functions were recorded three consecutive times
and the mean values for the same were recorded.

In TD ECHO, measurements of periods, required for
MPI of both ventricles, were made using Pulse Wave Tissue
Doppler (PWTD) mode. For this, recordings were obtained
from a total of eight regions, with prompt on lateral and
medial segments at the mitral valve level, lateral and
medial at the tricuspid valve level, medial and basal at the
intraventricular septum level, and LV and right ventricle (RV)
lateral wall segment (Figure 1). In the records, measurements
for wave and time intervals were taken separately. MPIs were
calculated according to guidelines (20).

J Curr Pediatr 2026;24(1):16-26

Statistical Analysis

Analyses were made using SPSS 22.0 package program.
Descriptive statistics were presented using frequency,
percentage, mean, standard deviation, and median,
minimum, and maximum values. p values, less than 0.05
were deemed as statistically significant. In the analysis of
relationships between categorical variables, Fisher's Exact
Test or Pearson chi-Square test was used. In the normality
test, when the number of samples in the group was less than
50, the Shapiro-Wilks test and when the number of samples
was greater than 50, the Kolmogorov-Smirnov test was used.
In the analysis of the difference between the measured values
of the two groups, the Mann-Whitney U test was used when
the normal distribution assumption could not be satisfied.
In non-parametric comparison of the three groups Kruskal-
Wallis test and for significant cases, Bonferroni-Dunn test
was used as a post-hoc test. When the normal distribution
assumption is satisfied, the ANOVA test was used in the
comparison of three groups and the Tukey test was used in
dual comparisons. The relationships between continuous
variables, which are inconsistent with ordinal or normal
distribution, were studied with the Spearman correlation
test, and the Pearson correlation test was applied for those,
which are consistent with normal distribution.

Results

In this study, while no significant difference was seen
between the mean age of the control group and the patient
group, it was determined that the mean age of Group 1
was higher compared to Group 2. No difference was seen
between the groups in terms of gender, body mass index
(BMI), height, and weight. Hemoglobin values were found
to be higher in the control group, compared to the patient
group (p<0.001). NT-proBNP values were found to be higher
in both patient groups, compared to the control group
(p<0.001). No significant differences were seen between the
groups concerning CK-MB, NT-proANP, and copeptin values
(Table 1). Concerning US-Troponin, | value, only two patients
had above-normal values. T,* MRI result of one of these
patients was 41.47 and the other patient’s value was 10.23
and they had no active cardiac complaints. US-Troponin |
values of the control group were measured in the normal
range. Therefore, they were not included in the comparison.

No significant differences were found between the groups
interms of meanvalues for all conventional ECHO parameters
(Table 2). As a result of the evaluation of TD measurements
from the medial and lateral sides of the mitral valve, it was
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Table 1. Clinical and biochemical parameters of the cases

Variables Group 1 n=26 Group 2 n=33 | Control n=24 P1 P2 P3
Gender 17F/9M 15F/18M 9F/15M NS NS NS
Age median (min-max) year 24.6 (13.5-41.9) 18 (10.5-36.9) 22.2 (15.6-33) 0.009 NS NS
Height (cm) mean £ SD 156.9£8.8 160.1£12.8 - NS -

Body Weight (kg) mean + SD 49.6+8.8 54.8+14.2 - NS -

BMI (kg/m?) mean * SD 20.142.5 21433 NS - -
Hemoglobin g/dL mean *+ SD 10.2+1.5 9.6+0.6 14.1+£1.2 NS <0.001 <0.001
Nt-ProBNP pg/mL mean * SD 136.6+140.3 163.5+213.2 36.1£33.5 NS <0.001 <0.001
CK-MB ng/mL mean * SD 1.7+3.8 0.9%0.5 0.9+1.7 NS NS NS
Nt-ProANP pg/mL mean * SD 211.3+£162.9 167.8£122.9 110.1£48.4 NS NS NS
Copeptin pg/mL mean £ SD 23.9%17.3 30.9£259 33.3114.7 NS NS NS
P1.Group 1 versus Group 2; P2. Grup 1 versus Control; P3. Grup 2 versus Control; NS. Non-significiant

Table 2. Conventional echocardiographic parameters

Variables Group1 | Group2 | Control P1,P2,
mean £ SD | n=26 n=33 n=24 P3
AO (mm) 238143 |21.5%4.8 26.9%2 NS
LA (mm) 33.6452 [31%65 331433 | NS
AO/LA 0.7£0.1 0.7£0.2 0.8£0.1 NS
IVSD (mm) 9.41£22 9.8£23 8.8£1.4 NS
LVEDD (mm) | 46.1+8.7 |48.1£5.4 46.4+4.2 NS
LVPWD (mm) | 9.1£1.5 8.2%2.2 8.8£1.6 NS
IVSS (mm) 134130 | 13.1+22 121420 NS
LVS (mm) 301454 | 29.0x4.4 29.8%4.2 NS
LVPWS (mm) | 129128 | 11.8£2.6 12.3%2.2 NS
EF (%) 64.9£10.3 | 70£6.2 66.316.0 NS
FS (%) 364481 | 399453 36.6x4.7 NS
PVMAX (m/s) | 1.1£0.1 1.1+0.2 11201 NS
ME (m/s) 140.2 140.2 0.940.1 NS
MA (m/s) 0.5£0.2 0.6£0.1 0.6x0.1 NS
ME/MA 19105 1.7£0.5 1.6x0.5 NS
TE (m/s) 0.6+0.2 0.7%0.1 0.6x0.1 NS
TA (m/s) 0.5+0.1 | 0.5+0.1 0.440.1 NS
TE/TA 12104 1305 12204 NS

found that E, A, and S wave values in Group 1 were lower
compared to those in the control group for both medial and
lateral measurements of the mitral valve (p<0.05). In both
patient groups, prolongations were seen in Interventricular
Contraction Time (IVCT) and Interventricular Relaxation Time
(IVRT) values in both medial and lateral measurements and

an increase in MPI (p<0.05). E/E” value, calculated with a
measurement of the lateral annulus, was found to be higher
in Group 1, compared to both Group 2 and the control group
(p=0.001 and p<0.001); there were no significant differences
in medial mitral annulus measurements (Table 3).

In Table 4, TD samples, obtained from the medial and
lateral sides of the tricuspid valve, are evaluated. IVCT values,
measured in both areas, were found to be prolonged in
patient groups, compared to the control group (p=0.001 and
p<0.001). Similarly, an increase was seen in MPI (p<0.01).

In TD ECHO scans, the Evalue, included in interventricular
septum median (IVSM) parameters, was found to be lower in
Group 1 compared to the other two groups (p=0.001). IVSM A
value was found to be lower in both patient groups compared
to the control group (p<0.001 with Group 1; p=0.001 with
Group 2). IVSM S value of Group 1 was found to be lower
compared to those of the other two groups (p=0.001 with
Group 2; p<0.001 with Group 1). IVSM E/A rates of the patient
groups were found to be higher compared to those of the
control group (p<0.05). IVSM IVCT values of the patient
groups were found to be higher compared to those of the
control group (p<0.05). Concerning IVSM IVRT values, a
prolongation was observed only in Group 1 compared to
the control group (p=0.001). IVSM MPI values of patient
groups were found to be significantly higher compared to
those of the control group (p<0.05). Interventricular septum
basal (IVSB) A value was found to be lower in patient groups
compared to the control group (p<0.05). IVSB IVCT times of
patient groups were found to be longer compared to those
of the control group (p<0.001). IVSB IVRT times of patient
groups were found to be longer compared to those of the
control group (p<0.05). IVSB MPI values of patient groups

J Curr Pediatr 2026;24(1):16-26
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Table 3. Tissue Doppler measurements taken from the medial and lateral area of the mitral valve

MM meanz SD Group 1 n=26 Group 2 n=33 Control n=24 P1 P2 P3

E 9.9£23 13.814 12.2£21 <0.001 0.004 NS

A 6.8£2.7 8.912.1 9.3%1.6 0.009 0.001 NS

S 71£1.7 8.7t1.4 8.9%1.0 0.001 <0.001 NS

E/A 1.6£0.6 1.7£0.7 1.4£0.3 NS NS NS
IVCT 66.8+13.0 70.9+15.1 53.9£8.2 NS 0.002 <0.001
IVRT 72.7114.3 74.6110.8 61.21+6.2 NS 0.005 <0.001
ET 270.1£23.4 274.3126.1 279.0£29.1 NS NS NS
MPI 0.5£0.5 0.6£0.5 0.4£0.2 NS 0.004 <0.001
E/E 1.1£0.2 1104 1£0.2 NS NS NS
mean £ 50 g6 o3 g i & r

E 12.6+4.7 17.9+4.4 16.6+3.0 <0.001 0.003 NS

A 7.1£3.8 7.7%2.3 10£1.7 NS <0.001 0.007
S 8.8£2.9 10.6£2.2 10.7£1.9 0.044 0.046 NS

E/A 23%1.0 2509 1.7£0.4 NS NS <0.001
IVCT 67.0£12.7 65.5114.7 54.5+7.5 NS 0.001 0.007
IVRT 68.7+11.1 69.21+12.6 60.919.8 NS 0.047 0.028
ET 271.8%£27.5 276.51£26.3 282.1£30.7 NS NS NS
MPI 0.5£0.1 0.5%0.1 0.4£0.1 NS <0.001 0.001
E/E 0.9£0.3 0.6£0.3 0.6%0.1 0.001 <0.001 NS

P1: Group 1 vs. Group 2; P2: Grup 1 vs. Control; P3: Grup 2 vs. Control; NS: Non-significant. Units of time-related parameters (IVCT, IVRT, ET) were measured in milliseconds; waves
(E, A, S) were measured in meters/second

were found to be significantly higher compared to those
of the control group (p<0.001). In ET values, no significant
differences were seen between the groups both in IVSM and
IVSB measurements (Table 5).

In the measurement, conducted on the left ventricle
lateral (LVL) wall, A and S wave averages in Group 1 were
found to be lower compared to those in the control group
(p<0.05). No significant difference was found between the
groups concerning LVL ET mean values. Right ventricular
lateral (RVL) IVCT mean values were found to be prolonged in
the patient group, compared to in the control group (p<0.05).
In records, obtained from RVL, Group 1 IVRT value was found
to be prolonged compared to the control group (p<0.05). No
differences were found between groups concerning mean
RVL E, RVL A, RVLS, RVL E/A, and RVL ET values (Table 6).

No significant correlation was found between cardiac
T,* MRI results of the patient group and TD echo results
with biochemical indicators. A correlation, albeit weak, was
determined only between NT-proBNP, among biochemical
indicators of patients in Group 1, with MRI results (p=0.027,
r=-0.442).

J Curr Pediatr 2026;24(1):16-26

Discussion

The toxic effects of iron accumulation in the heart are one
of the most significant causes of mortality and morbidity in
thalassemia. Therefore, direct and indirect monitoring of the
effects of cardiac iron is required at regular intervals. While
cardiac iron may be directly imaged using MRI, whether this
iron has caused a loss of function in the heart may only be
understood (indirectly) using ECHO, electrocardiogram, etc.,
methods (21). However, no biochemical markers, showing
the cardiac-specific iron burden have been discovered until
today.

Evaluation of Biochemical Parameters

When NT-proANP, NT-proBNP, CK-MB, and copeptin are
considered in patient and control groups, only NT-proBNP
was found to be higher in the patient group, compared to
the control. In line with the literature, in recent studies, it
has been shown that NT-proBNP was elevated compared to
controls, in B-Thal patients, who had no clinical symptoms
of heart failure (22-26). Among these studies, in the study by
Kremastinos et al. (22,23) latent cardiac diastolic dysfunction
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Table 4. Tissue Doppler measurements taken from the medial and lateral area of the tricuspid valve

TM meanz SD Group 1 n=26 Group 2 n=33 Control n=24 P1 P2 P3

E 12.2£2.8 13.6%3.2 12.3£2.1 NS NS NS

A 7.6£3.1 9.8+4.0 9.4%1.6 NS NS NS

S 9.3+1.8 10.2£1.9 9+1.1 NS NS NS
E/A 1.8%0.6 1.6£0.7 13%0.3 NS NS NS
IveT 74.4£11.8 69.8£12.6 54.2+8.6 NS <0.001 0.001
IVRT 69.8+13.7 73.3+13.2 61.216.2 NS NS 0.003
ET 268.31£28.6 277.4%+28.6 280.5£28.2 NS NS NS
MPI 0.5+0.1 0.5+0.1 0.4+0.1 NS 0.002 0.001
E/F 0.5+0.1 0.6£0.3 0.5%0.1 NS NS 0.031
TL mean £ SD Group 1 n=26 Group 2 n=33 Control n=24 P1 P2 P3

E 13137 15.6%3.1 14£2.0 0.001 NS NS

A 133143 14.314.6 12.0£2.7 NS NS NS

S 13.5£3.3 15.0£2.5 13.3£1.9 NS NS 0.022
E/A 1+0.3 1.2+0.4 1.240.3 NS NS NS
VT 68.2+13.3 68.1£11.3 54.7£10.2 NS <0.001 <0.001
IVRT 73.2£11.0 69.3£14.8 63.4%+7.5 NS 0.002 NS
ET 282.7£31.2 269.1£27.5 277.3%£234 NS NS NS
MPI 0.5+0.1 0.5+0.1 0.4%0.1 NS <0.001 0.001
E/F 0.5£0.1 0.5£0.2 0.4£0.1 NS NS NS

P1: Group 1 vs. Group 2; P2: Grup 1 vs. Control; P3: Grup 2 vs. Control; NS: Non-significant. Units of time-related parameters (IVCT, IVRT, ET) were measured in milliseconds, waves
(E, A, S) were measured in meters/second.

Table 5. Tissue doppler measurements, taken from basal and median interventricular septum

IVSb meant SD | Group 1 n=26 | Group 2 n=33 Control n=24 P1 P2 P3

E 10.3+2.8 13.2£2.8 12.242.1 0.003 NS NS

A 6.8+2.2 8+2.4 9.3+1.6 NS 0.003 0.037
S 77113 9.6x1.4 8.911.0 0.001 0.053 NS

E/A 1.7£0.6 1.8+0.6 14103 NS NS 0.017
IVCT 72.7+12.9 67.3110.0 53.9+8.2 NS <0.001 <0.001
IVRT 74110.4 71.9+11.5 61.2+6.2 NS 0.002 0.002
ET 263.9126.8 272.1%24.1 279.0£29.1 NS NS NS
MPI 0.6%0.1 0.5%0.1 0.4%0.1 NS NS NS
IVSm mean = SD Group 1 n=26 | Group 2 n=33 Control n=24 P1 P2 P3

E 9.5+1.9 11.912.6 122424 0.001 0.001 NS

A 5.2+1.8 6.511.6 8.211.2 NS <0.001 0.001
S 5.8%1.1 7.311.1 7.940.9 0.001 <0.001 NS

E/A 2+0.7 2+0.8 1.5+0.4 NS 0.009 0.014
IVCT 67.9111.2 70+£11.5 57.0+9.9 NS 0.002 <0.001
IVRT 79+11.2 73.5%£13.5 66.7+10.2 NS 0.001 NS

ET 272.2+27.3 274.5+27.1 274.2+26.1 NS NS NS
MPI 0.55%+0.10 0.53%+0.09 0.45%0.07 NS 0.001 0.011

P1: Group 1 vs. Group 2; P2: Grup 1 vs. Control; P3:

(E, A, S) were measured in meters/second.

Grup 2 vs. Control; NS: Non-significant. Units of time-related parameters (IVCT, IVRT, ET) were measured in milliseconds; waves
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Table 6. Tissue Doppler measurements taken from the right and left lateral ventricle wall

LVL Mean * SD Group 1 n=26 Group 2 n=33 Control n=24 P1 P2 P3

E 11.6+4.0 16.8+4.8 14£3.2 <0.001 NS 0.044
A 6.5£3.1 7.612.3 8.3%1.7 NS 0.015 NS

S 7.4%2.7 9.5£2.9 9.3£23 0.022 0.038 NS
E/A 23%13 2,511 1.8+0.5 NS NS 0.015
IVCT 60.1£14 65.2+10.1 52.718.4 NS NS <0.001
IVRT 70.8+12.6 72.4%9.2 64.3+11.1 NS NS 0.020
ET 274.1£33.6 277.2%£23.7 276.4£29.9 NS NS NS
MPI 0.5+0.1 0.5£0.1 0.4£0.1 NS NS 0.001
RVL mean * SD Group 1 n=26 Group 2 n=33 Control n=24 P1 P2 P3

E 13£3.0 14.4£3.7 14.6£2.5 NS NS NS

A 123145 13.1+£3.8 13.3+3.1 NS NS NS

S 12.0£2.5 13.212.7 12,9121 NS NS NS
E/A 1.2+0.7 1.2£0.4 1.2£0.4 NS NS NS
IVCT 69.1£11.9 69.8£11.7 60.7+12.3 NS 0.042 0.022
IVRT 73.3%12.7 68.9+13.5 65.01£9.3 NS 0.022 NS
ET 282.8£31.3 267.0£25.1 279.4127.4 NS NS NS
MPI 0.5£0.1 0.5%0.1 0.5%0.1 NS NS 0.032
P1: Group 1 vs. Group 2; P2: Grup 1 vs. Control; P3: Grup 2 vs. Control; NS: Non-significant. Units of time-related parameters (IVCT, IVRT, ET) were measured in milliseconds; waves
(E, A, S) were measured in meters/second

parameters and NT-proBNP are in correlation, and in the
study by Tschope et al. (24), and Akpinar et al. (25), diastolic
parameters were not correlated with NT-proBNP, yet an
elevation in NT-proBNP without correlation, has been
detected.

Delaporta et al. (27), divided 187 asymptomatic -Thal
patients into MRI groups as in our study and calculated dry
iron weights and consequently found a significant difference
between groups in terms of NT-proBNP values. In our study,
although this value was higher in patients compared to in
the control group, no inter-group differences were seen in
patient groups. Kostopoulou et al. (28), in a study, conducted
on 90 asymptomatic 5-Thal patients, have divided the groups
based on E/E" values (diastolic dysfunction classification) and
have evaluated proANP and NT-proBNP levels and shown
that these parameters were early indicators of cardiac effects
and it has been stated that the levels increased in case of
presence of cardiac dysfunction. In our study, no significant
inter-group difference was seen concerning NT-proANP. It
was contemplated that the reason for the high measurement
of natriuretic peptide NT-proBNP in the patient group
and failure of NT-proANP to obtain a significant increase
in patient groups, was the possibility of an influence on
secretion by secondary reasons (such as volume burden,
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chronic anemia, asymptomatic patient distribution), rather
than effects of cardiac iron accumulation on NT-proANP.

The lack of an inter-group significant difference
concerning copeptin, suggests that this molecular structure
could be elevated more in acute cases, rather than chronic
cardiac failure (17). The reason for asymptomatic patient
distribution suggests that copeptin release was not sufficient
because asymptomatic patients constituted the majority of
the study population.

Evaluation of Tissue Doppler ECHO Parameters

PWTD, among ECHO techniques, is a novel technique
compared to ECHO and in particular in early detection of
diastolic function, may provide more meaningful results
compared to PW Doppler, regardless of preliminary burden.
It may also provide information concerning regional cardiac
dysfunction (10). Although sometimes the results of PWTD
studies on thalassemia patients conflict, in publications, it
has been stated that this technique was promising (10, 26,
29, 30).

Tissue doppler E7, A", and S measurements, taken from
medial (2) and lateral (ML) segments of the mitral valve, were
decreasing in Group 1 compared to Group 2 and the control
group and this suggested that increasing iron accumulation
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caused a decrease in the relaxation ability of these regions of
the myocardium. These results were interpreted to suggest
that diastolic effects, which could not be detected on PW
Doppler, could be detected with PWTD and these support
the thesis that left ventricle dysfunction was between normal
and prolonged relaxation patterns in Group 1.

When these results are evaluated without considering
their significance, it was seen that Group 1 had the lowest
LVL E’, A", and S values and this was interpreted as diastolic
involvement of the LVL segment. As a result of literature
research, a study, conducted by Vogel et al. (10), was found
concluding, in line with our study, that a decrease had been
observed in E” and S values in basal and lateral segments
of 52 B-Thal patients compared to the control group and
no significant differences had been observed in A” values.
Similarly, in a study, conducted by Balkan et al. (31), on
asymptomatic B-Thal patients, it has been found that
the patient group had decreased S and E” values in PWTD
images, obtained from the septal annulus and no significant
difference has been found between the groups in terms
of A”. In another study, conducted by Yavuz et al. (32), in
contrast to our study, while an increase has been detected in
the patient group for left ventricle basal E”, no difference has
been observed for A”. As for interventricular septum basal
results of the same study, while no significant difference has
been detected neither for A" nor E°, an increase has been
detected in E” in the interventricular septum median and
LVL in the patient group. It has been concluded that the
results could be explained with restrictive type diastolic
dysfunction, yet an influence of preliminary burden was
also possible. In a study, conducted by Agha et al. (33), no
significant intergroup differences have been found in E’,
A’, and S waves. In another study, conducted by Ragab et
al. (34), 25 B-Thal patients with a mean age of 12+5.7 have
been included in the study, and images have been obtained
from anterior, inferior, septal and lateral areas of the mitral
annulus. In the study, it has been found that while S and
A~ waves in patients were similar to those in the control
group, E”value was decreased in the patient group in lateral,
anterior, and inferior measurements. Such discrepancies in
the values, found in various studies, may be explained by
the lack of a standard protocol in the studies, variations in
measurements due to the dynamic structure of the heart,
varying age distribution, racial characteristics of patients,
and the location and extent of segmental iron retention.

In waves, measured at RVL, no significant inter-group
differences were detected. While there are limited studies
on this issue, in the study, conducted by Vogel et al. (10),

RVL E" values of 52 B-Thal patients, are lower compared to
the control group, and no significant inter-group differences
have been seen concerning RVL S and RVL A”. In the same
study, in the records, obtained from the right ventricular
basal segment, it has been observed that S and E” had
increased and A” had decreased in the patient group. In a
study, conducted by Yavuz et al. (32), on younger 61 B-Thal
patients have been evaluated and RVLand E”and A" values in
the right ventricular basal segment are higher in the patient
group. These inter-study differences were caused by the
segmental effects of iron on the heart and the variability of
the age range of the selected patient profile between groups.

In a study, Pepe et al. (35), have shown that the quantity
of iron retention in the interventricular septum in cardiac T,”
MRI, reflected total cardiac iron burden. Therefore, records
were taken and evaluated from the septums of patients using
the TD method. In our study, IVSB E” and S waves were lower
in Group 1, compared to Group 2 and A" value was lower
in Groups 1 and 2, compared to the control group. IVSM E”
and S waves were lower in Group 1 and Group 2 compared
to in control group and A" value was lower in Groups 1
and 2 compared to in control group. In our patient group,
it was seen that iron accumulation caused a deterioration
of relaxation ability in the ventricular septum. In a study
on a young patient group, conducted by Yavuz et al. (32),
no differences have been observed compared to controls
in terms of measurements in IVSB and E” value in IVSM
has been determined to be higher in the patient group and
therefore, the results in the study have not been interpreted
assignificant and this has been attributed to the young age of
selected patient profile and low level of iron accumulation,
which had not yet caused any cardiac effects in septum (32).

When the E/E” rates of the patient and control group
are compared, it was seen that only the E/E” rate, measured
in the mitral lateral segment, was increased in Group 1,
compared to Group 2 and the control group. This is consistent
with the literature and in studies on asymptomatic 5-Thal
patients, conducted by Kremastinos et al. (22), it is increased
in the patient group compared to controls and increased
more significantly with age (23). Similarly, in a study on 90
asymptomatic 8-Thal patients, conducted by Kostopoulou et
al. (28), E/E" rates have been found to have increased in the
patient group (28). In our study, it was contemplated that the
reason for the lack of an inter-group difference in terms of
TM and TL E/E" values, was the preservation of RV diastolic
functions

In our study, IVRT, IVCT, and ET measurements were
taken from eight different tissue doppler windows and MPI
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was calculated. It was seen that in Mitral Medial (2), ML, and
IVSB windows, IVRT, IVCT, and MPI values were prolonged
in Group 1 and Group 2, compared to the control group.
Similarly, in the IVSM window, while IVCT and MPI were found
to have been prolonged in Group 1 and Group 2 compared
to the control group, IVRT was found to have been prolonged
only in Group 1 compared to the control group. When the
parameters in MPI calculation are considered, it was seen
that the reason for the increase in MPI was related to the
prolongation of IVRT and IVCT, rather than the change in ET
(no inter-group differences). We concluded that the presence
of chronic anemia or the presence of additional aggravating
factor, played a role at least in our patient group, in the
increase of MPI in MM, ML, IVSB, and IVSM, along with iron
accumulation.

Tissue doppler and correlation statistics, were analyzed
for all patients, regardless of iron accumulation status, and
in addition, for the group with iron accumulation (Group
1). Consequently, a strong correlation value could not be
obtained in both group. Tissue doppler correlation values,
which posed statistical significance, were detected weakly in
E’, A’, and S waves, measured in the left side of the heart and
interventricular septum. This situation could be explained
with the conduction of a study on the asymptomatic patient
group, the presence of segmental iron retention, and
individual-specific hemodynamic entities at the moment of
measurement.

Study Limitations

Two-dimensional speckle-tracking echocardiography is a
new method, which has some limitations of the assessment
of LV torsion. There is the crucial dependence on correct
acquisition of a LV apical short-axis view (36). Monte et al.
(37) showed no significant differences in longitudinal strain
value between thalassemia and healthy individuals using the
strain imaging by speckle tracking echocardiography. Tantawy
et al. (38) and Parsaee et al. (39) the global LV longitudinal
strain was significantly impaired in the patients compared
with the controls, although radial and circumferential strain
values were similar between the two groups. There were no
significant correlations between cardiac T,* MRI and speckle
echocardiographic parameters in these studies. We perform
TD echocardiography because of more usefull, quick and
standart method in determine of diastolic dysfunction.

The difficulty of real-time iron burden imaging ,
deposition of iron in the heart in the form of a patch and
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inadequacy of MRI alone in the long-term monitoring,
and instantaneous nature of functional evaluation (40), its
insufficient contribution by itself in case of use of chelators,
make only the use of the combination of these two
monitorization techniques, meaningful (35).

Conclusion

Inour study, investigated biochemical indicators could not
be strongly correlated with iron accumulation. Detection of
early cardiac dysfunction is very important since appropriate
chelation therapy could allow recovery of heart function. We
believe that in addition to T,” MRI, conventional ECHO, TD
ECHO, ECG, and intermittent monitoring of ferritin and NT-
pro BNP level have to use at least once a year. In particular,
by calculating MPI values with TD echocardiography, global
cardiac dysfunction may be identified earlier and chelation
therapy may be revised.

We believe that future comparisons, made with MRI
results of patients, by making standardized regional
evaluations in the future (both for MRI and ECHO), would
be more valuable for the demonstration of the relationship
between iron accumulation and cardiac dysfunction.
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Giris: Anoreksiya nervoza (AN) psikiyatrik hastaliklar icinde mortalitesi en yiiksek
olan hastaliktir. AN’li hastalarda en sik mortalite nedeni 6zkiyim olmakla birlikte
ani kardiyak oltim, ritim bozukluklar ve elektrolit bozukluklari diger nedenleri
arasindadir. Bu calisma, AN ve atipik AN (AAN) nedeniyle takip ettigimiz hastalarin
mortalite oranini ve nedenlerini belirlemeyi amaclamaktadir.

Gereg ve Yontem: Subat 2014 ile Subat 2025 tarihleri arasinda hastanemiz Ergen
Saghgi bolimuine basvuran, AN veya AAN tanisi almis ve bolimumizde takip edilmis
olan hastalar calismaya dahil edildi. Hastalarin cinsiyetleri, basvuru anindaki yas,
viicut agirh@i, boy, viicut kitle indeksi verileri tibbi kayitlar aracihigiyla elde edildi.
Hastalara telefonla ulasilarak hastalarin son durumlari, hasta kaybedildiyse 6ltim
nedeni 6grenildi.

Bulgular: AN ve AAN tanisiyla izlenen toplam 391 hastadan 322’si calismaya dahil
edildi. Bu hastalarin 110 tanesi AN (106 kiz, 4 erkek), 212 tanesi AAN (188 kiz, 24
erkek) tanili idi. Hastalarin basvuru yaslari AN grubunda 15,1+1,6 yil, AAN grubunda
15,0£1,6 yildi (p=0,545). Tiim hastalar icin tanidan itibaren gegen siire ortalamasi 3,9
(2,7-6,3) yildi. Medikal takibimiz sirasinda kaybedilen hastamiz yoktu, ancak AN tanisi
alip diizenli takibi olmayan bir hastanin 6zkiyim nedeniyle eksitus oldugu 6grenildi.
Verilerine ulasabildigimiz AN ve AAN olan tiim hastalar icin mortalite hizi 1000 kisi-
yil basina 0,7 iken; AN olan hastalar icin 1000 kisi-yil basina 1,9 olarak hesaplandi.
Sonug: Literatiirle uyumlu bir sekilde calismadaki en sik 6lim nedeni 6zkiyim
olarak saptanmistir ve medikal komplikasyonlara ikincil kaybettig§imiz hasta
olmamistir. Calismadaki mortalite orani AN icin bildirilen mortalite oraninin
altindadir. Bulgularimiz, multidisipliner bir ekiple sik araliklarla izlem yaklasiminin
medikal komplikasyonlara bagli mortaliteyi azaltabilecegini, ancak duizenli takip
eksikliginin mortalite riskini arttirdigini gostermektedir.

Abstract

Introduction: Anorexia nervosa (AN) is the psychiatric disorder with the highest
mortality rate. Although suicide is the most common cause of death in patients with
AN, sudden cardiac death, arrhythmias, and electrolyte imbalances are among the
other causes. This study aimed to determine the mortality rate and causes of death
in patients followed for AN and atypical AN (AAN).

Materials and Methods: Patients who presented to the Adolescent Health
Department of our hospital between February 2014 and February 2025, were
diagnosed with AN or AAN, and were followed in our department, were included
in the study. Sex, age at presentation, body weight, height, and body mass index
(BMI) data were obtained from medical records. Patients were contacted by phone
to determine their current status, and for those who had died, the cause of death
was recorded.
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Results: Of the 391 patients followed with AN or AAN, 322 were included in the study. Among them, 110 had AN (106 female, 4 male)
and 212 had AAN (188 female, 24 male). The mean age at presentation was 15.1£1.6 years in the AN group and 15.0£1.6 years in the
AAN group (p = 0.545). The median duration since diagnosis for all patients was 3.9 years (IQR 2.7-6.3). No deaths occurred during
medical follow-up in our clinic; however, one patient with AN who was not under regular follow-up was reported to have died by
suicide. For all patients with AN and AAN whose data were available, the mortality rate was 0.7 per 1000 person-years, whereas for

patients with AN it was 1.9 per 1000 person-years.

Conclusion: Consistent with the literature, suicide was identified as the most common cause of death, and no patient was lost due to
medical complications. The mortality rate in our study was lower than previously reported for AN. Our findings suggest that regular
follow-up with a multidisciplinary team may reduce mortality due to medical complications, whereas lack of consistent follow-up

increases the risk of death.

Giris

Yeme bozukluklari, ozellikle ergenlik ve genc eriskinlik
doneminde ortaya cikan, ciddi fiziksel ve psikososyal
sonuclara yol acabilen psikiyatrik bozukluklardir. Bu
bozukluklar arasinda en sik goriilenlerden biri anoreksiya
nervozadir (AN). AN, Ruhsal Bozukluklarin Tanisal ve
istatistiksel El Kitabi-5'e (“Diagnostic and Statistical Manual
of Mental Disorders-5”, DSM-5) gore; enerji aliminin bireysel
ihtiyacin altinda kalacak sekilde kisitlandigi, buna bagli
olarak belirgin sekilde dustk vicut agirhgmin gorildigu,
kilo alma konusunda yogun bir korkunun ya da mevcut
dusik kiloya ragmen kilo alimini engelleyen davranislarin
(kisitlama, c¢ikarma veya telafi edici yontemler) goruldugi,
ayrica kisinin beden algisinda bozulma ve disiik kilonun
olusturdugu saglk risklerini kavrayamama gibi belirtilerin
varliginda tani konulan psikiyatrik bir bozukluktur. Dustk
viicut agirhgr kriteri disindaki tani kriterlerinin karsilanmasi
durumunda ise, atipik AN (AAN) tanisi konulmaktadir (1).
AAN'nin, klinik seyir ve komplikasyonlar acisindan AN kadar
onemli oldugu, benzer morbidite ve mortalite oranlarina
sahip oldugu gosterilmistir (2,3).

AN’nin yasam boyu prevalansi kadinlarda %1,4, erkeklerde
%0,2 olarak bildirilmistir (4). Baslangic yasi en sik 1519 yas
arasinda gortlmektedir (5). Son yillarda genel AN insidansi
sabit kalmakla birlikte, 15 yas altinda goriilme sikhgr artis
gostermektedir (6). Bu artisin daha erken taniya mi, yoksa
baslangic yasinin daha erken olmasina mi bagh oldugu
belirsizdir. Ancak bu durum, morbidite ve mortalitenin
azaltilmasina yonelik onleme programlari agisindan onem
tasimaktadir.

AN mortalitesi en vyiiksek psikiyatrik hastalik olarak
bildirilmistir (7). AN’ye bagli mortalite hizi 1.000 kisi-yili
basina yaklasik 5,1 olarak bulunmustur (8). Bu hastalarda
olum genellikle medikal komplikasyonlara veya o6zkiyima
bagl olmaktadir. AN’de yeme hozukluguna bagli gerceklesen
olumlerin yarisi cesitli fiziksel komplikasyonlar nedeniyle
olmaktadir (9). Bu komplikasyonlar malnutrisyon, tikinircasina
yeme ve kompansatuvar davranislar, alkol-madde kotiye
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kullanimi gibi durumlarin sonucunda ortaya ¢ikmaktadir.
En sik mortalite nedeni ise %20 oraninda ozkiyim olarak
bildirilmistir (8).

AAN DSM-IV'te baska tirde adlandirilamayan yeme
bozukluklar (“eating disorders not otherwise specified”,
EDNOS) altinda, DSM-5'te ise tanimlanmis diger beslenme
ve yeme bozukluklari (“other specified feeding or eating
disorders”, OSFED) bashgi altinda yer almaktadir. AAN icin
literatiirde mortalite ve 6zkiyim oranlarina iliskin net veri
olmamakla birlikte, EDNOS icin yasam boyu prevalans
kadinlarda %4,3, erkeklerde %3,6 (4); mortalite hizi 1.000
kisi-yil icin 3,3 olarak bildirilmistir (8). Kisitlayici tipte AN ve
AAN olan ergenlerde 6zkiyim egilimi, kendine zarar verme,
ozkiyim disincesi ve ozkiyim girisimlerini karsilastiran bir
calismada, AN ve AAN arasinda fark saptanmamistir (10). AN
ve AAN olan ergenlerin karsilastirildigi baska bir calismada
da, kendine zarar verme ve 6zkiyim distincelerinin iki grupta
benzer diizeyde oldugu gosterilmistir (11). Yani her iki hasta
grubu da, hem fiziksel komplikasyonlar hem de o6zkiyim
nedeniyle benzer sekilde yliksek mortalite riskine sahiptir
ve yakin takip edilmelidir. Bu calisma, AN ve AAN nedeniyle
takip ettigimiz hastalarin mortalite oranini ve nedenlerini
belirlemeyi amaclamaktadir.

Gere¢ ve Yontem

Calisma Grubu

Calismaya, Subat 2014-Subat 2025 tarihleri arasinda
hastanemiz Ergen Saglig Poliklinigi'ne basvuran; DSM-5 tani
olctitlerine gore AN veya AAN tanisi almis, tanidan itibaren en
az bir yil gecmis olan ve hasta ve/veya ailesinden calismaya
katilim icin sozlii onam alinabilen bireyler dahil edilmistir.
Calismaya dahil edilen hastalarin ilk basvuru anina ait
klinik ve antropometrik verilerinin hasta dosyalarinda
eksiksiz olarak yer almasi kosulu aranmistir. Basvuru anina
ait temel klinik veya antropometrik verileri eksik olanlar,
hastane kayitlarinda gecerli iletisim bilgisi bulunmayan veya
telefonla ulasilamayanlar, hasta ve/veya ailesi calismaya
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katilmayi reddedenler calismaya dahil edilmemistir.

Calismamizda yeme bozuklugu tanisi, yapilandiriimis
klinik goriisme yoluyla, DSM-5 tani dlciitleri temel alinarak
deneyimli klinisyenler tarafindan konulmustur. DSM-5 tani
kriterlerine gore belirgin bicimde dustk vicut agirlhigina
neden olacak sekilde enerji alimini kisitlayan, kilo almaktan
korkan, belirgin sekilde dustk viicut agirhigina ragmen kilo
almayi giiclestiren davranislarda bulunan ve beden algisi
bozuk olan hastalar AN olarak kabul edilmistir. Dusiik
viicut agirhgina sahip olmak disindaki AN tani kriterlerini
karsilayan, vicut agirhginin en az ¢ ay icinde %10'unu
kaybetmis olup, viicut kitle indeksi (VKi) yas ve cinsiyete
gore 50. persentildeki VKi degerinin (medyan VKi) %85’i veya
uzerinde olan hastalar AAN olarak siniflandiriimistir. Her iki
grupta da, son (ic ay icinde diizenli olarak tikinircasina yeme
ve ¢ikarma davranisi gosteren hastalar “tikinircasina yeme/
cikarma tipi” olarak, bu davranislar gostermeyen hastalar
ise “kisitlayici tip” olarak degerlendirilmistir (1).

Basvuru Verileri

Hastalarin cinsiyetleri, basvuru anindaki yas (yil), viicut
agirhigr (kg), boy (cm), VKi (kg/m?) verileri elektronik tibbi
kayitlar ve hasta dosyalari araciligiyla elde edilmistir. VKi,
viicut agiriginin (kg) boyun metre cinsinden karesine
boliinmesiyle hesaplanmistir. VKi’'nin yas ve cinsiyete gore
50. persentildeki degeri medyan VKi olarak kabul edilmistir.
VKi, medyan VKi'ye béliiniip 100 ile carpildiginda medyan
VKI yiizdesi elde edilmistir. Basvuru tarihinden son kontrol
tarihine kadar gecen zaman, poliklinik takip stresi (ay)
olarak belirlenmistir. Basvuru tarihinden hastalarin telefonla
arandi@1 tarihe gecen siire tanidan itibaren gecen siire (yil)
olarak kabul edilmistir.

Gtincel Veriler

Hastane kayitlarindan bulunan telefon numarasindan
hasta veya yakinlarina ulasilmis, calisma ile ilgili bilgi
verilerek hastalar calismaya davet edilmistir. Sozel olarak
calismaya katilmayi kabul eden hastalarin gtincel yas ve son
durumlari, eger hasta eksitus olduysa nedeni ogrenilmistir.
Olen hastalarin, toplam hasta sayisina orani yiizde olarak
belirtilmistir. Mortalite hizi ise, 1000 kisi-yil basina diisen
oltim sayisi olarak ifade edilmistir. Bu amagla, dlen hasta
sayisi toplam takip siiresine (kisi-yil) boltinms ve sonug 1000
ile carpilmustir.

istatistiksel Analiz

Verilerin degerlendirilmesinde, istatistiksel analizler icin
IBM SPSS Statistics for Windows, Version 27.0 (Armonk, NY:
IBM Corp.) programi kullaniimistir. Kategorik degiskenler

sayl ve % ile tanimlanmuistir. Stirekli degiskenler icin normal
dagilim gosterenler ortalamazstandart sapma ile, normal
dagihim gostermeyenler ise ortanca (ceyrekler arasi aralik,
Q1-Q3) seklinde gosterilmistir. Parametrelerin  normal
dagilima uygunlugu “Kolmogorov-Smirnov” ve “Shapiro-
Wilk” testi ile degerlendirilmistir. Strekli degiskenler
parametrik test varsayimlari saglaniyorsa Student t testi,
saglanmiyorsa Mann-Whitney U testi ile karsilastiriimistir.
Gruplar arasindaki kategorik degiskenlerin dagihimi Ki-kare
testi ile degerlendirilmistir. P degerinin 0,05'in altinda oldugu
durumlar istatistiksel olarak anlamli olarak kabul edilmistir.

Etik Kurul Onayi

Bu calisma GO 19/837 proje numarasi ile 03.09.2019
tarihinde Hacettepe Universitesi Girisimsel Olmayan Klinik
Arastirmalar Etik Kurulu tarafindan onaylanmistir.

Bulgular

Toplam 391 ergen calismaya dahil edilme kriterlerini
karstlamistir. Bu hastalardan, telefonla ulasilabilen 327
hastadan 5 tanesi calismaya katilmayr kabul etmemis, 322
hasta (110 AN, 212 AAN) calismaya dahil edilmistir. Hasta
secim kriterlerine gore calismaya dahil edilme ve dislanma
nedenleri ile hasta sayilarini gosteren akis semasi Sekil 1’de
verilmistir.

Hastalarin  basvuru anindaki yaslari AN grubunda
15,1+1,6 yil, AAN grubunda 15,0+1,6 yildi ve aralarinda
istatistiksel olarak anlamh fark yoktu (p=0,545). AN olan
110 hastanin 106 (%96,4) tanesi kiz, 4 (%3,6) tanesi erkek;
AAN olan 212 hastanin ise 188 (%88,7) tanesi kiz, 24 (%11,3)
tanesi erkekti (p=0,020). AN grubunda 97 (%88,2) hasta
kisitlayicar tip, 13 (%11,8) hasta tikinircasina yeme/cikarma
tipi iken, AAN grubunda bu sayilar 159 (%75) ve 53 (%25) idi
(p=0,005). Hastalarin basvurudaki antropometrik bilgileri
tablo 1°de verilmistir.

Hastalarin glincel vaslari ortalamasi AN grubunda
19,943,0 yil, AAN grubunda ise 19,4%2,5 yil idi (p=0,112).
Tum hastalar icin ortalama poliklinik takip stresi 10,1
(3,1-22,6) ay iken, AN grubunda bu stre 11,0 (3,4-23,3) ay,
AAN grubunda ise 10,1 (2,9-22,0) ay idi (p=0,542). Tanidan
itibaren gecen siire ortalamasi ise tim hastalar icin 3,9
(2,7-6,3) yil, AN grubu icin 4,2 (2,7-6,3) yil ve AAN grubu
icin de 3,7 (2,6-6,2) yildi (p=0,219). Medikal takip sirasinda
kaybedilen hasta yoktu, ancak izlemde olmayan ve telefonla
ulasilan hastalardan bir tanesinin dzkiyim nedeniyle eksitus
oldugu ogrenildi. Poliklinik takibine 1 ay arayla 2 kez gelen,
kisitlayicr tipte AN tanisiyla takipli bir kiz hastaydi. Basvuru
yasi 13,25 yil olan hastanin, basvuru aninda VKi 15,89 kg/
m? (medyan VKi’'nin %84,07'sinde) idi. Bunun disinda eksitus
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Tablo 1. Hastalarin basvuru anindaki antropometrik verileri
AN AAN
OrtalamaxSD Ortalama=SD p
Basvuru yasi (yil) 151£1,6 15,0£1,6 0,545
Median (IQR) Median (IQR) p
e 39,9 50,2
Basvurudaki kilosu (kg) (35.7-43.9) (46,3-56,5) <0,001
. 160,6 162,0
Basvurudaki boyu (cm) (155,5-165,0) (157,5-166,2) 0,028
Lo 15,6 19,4
2 ’ »
Basvurudaki VKI (kg/m?) (14,3-16.5) (18.0-21,0) <0,001
) 20,16 20,00
Medyan VKI (19,38-20,63) (19,21-20,57) 0,312
- . 78,50 96,98
Medyan VKI yiizdesi (7111-81.46) (90,49-105,20) <0,001
AAN: Atipik anoreksiya nervoza, AN: Anoreksiya nervoza, VKI: Viicut kitle indeksi

hastalar

421 AN VE AAN tanili tim

ve AAN

Son 1 yilda tani alan 30
hasta

Kriterleri kargilayan 391 AN

322 AN VE AAN

64 ulagilamayan hasta

5 katilmak istemeyen hasta
L ¢

110 AN
1

212 AAN

Sekil 1. Hasta secim kriterlerini gosteren akis semasi

olan hasta yoktu. Buna gore takip ettigimiz ve giincel
verilerine ulasabildigimiz, AN ve AAN olan tiim hastalarin
%0,3’ti, sadece AN hastalarinin ise %0,9'u exitus olmustu.
Mortalite hizi ise tiim hastalar icin 1000 kisi-yil basina 0,7;
AN grubu iginse 1000 kisi-yil basina 1,9 olarak bulundu.

Tartisma

Bu calisma ergenlikte tani alan AN ve AAN hastalarinin
mortalite oraninive nedenlerini belirlemeyi amaclamaktadir.
Calismamizda kisitlayici tipte AN tanili bir hasta, 6zkiyim
nedeniyle kaybedilmistir, AAN grubunda ise kaybedilen
hasta olmamistir. Literatiirle uyumlu bir sekilde calismadaki

J Curr Pediatr 2026;24(1):27-33

en sik 6ltim nedeni 6zkiyim olarak saptanmistir ve medikal
komplikasyonlara ikincil kaybettigimiz hasta olmamistir.
Calismadaki mortalite hizi yeme bozukluklari icin bildirilen
mortalite hizinin altinda kalmistir.

Calismamizda mortalite hizi AN hastalarinda 1000
kisi-ytl basina 1,9 idi. Toplum genelinde yas ve cinsiyet
acisindan  eslestirilmis  bireylerle  karsilastirildiginda,
ayaktan tedavi edilen AN hastalarinda mortalite riskinin
2 kat, yatarak tedavi edilenlerde ise 5 kattan fazla arttig
gosterilmistir (12). Arcelus ve ark. (8) tarafindan yeme
bozukluklarina bagli mortalite oranlarini inceleyen, az
sayida ergen calismasini iceren genis capli meta-analizde,




Aygiin Ari ve ark. Anoreksiya Nervozada Mortalite ve Nedenleri 31

AN hastalarinin mortalite hizi 1000 kisi-yil basina 5,1 6lim
olarak bildirilmistir. Standardize edilmis mortalite orani
(SMR) ise 5,9 olup, yaklasik 6 kat artmis mortalite riskine
karsilik gelmektedir. Daha giincel bir calismada ise tani
aninda 15 yasindan buylk AN’li genis bir hasta grubunda,
cok agir malnutrisyon ve/veya somatik komplikasyonlar
nedeniyle klinik beslenme dnitesine ilk yatistan ortalama
5 yil sonra, kaba mortalite hizi %11,5 olarak bulunmustur.
Mortalite riski, ayni toplumdaki genel popiilasyona kiyasla
15 kat daha yuksek saptanmistir (SMR = 15,9) (13). Yine
hastane yatisi olan AN hastalarinin degerlendirildigi bir
calismada, yatistan ortalama 10 yil sonraki kaba mortalite
hizi % 7,5, SMR 10,6 olarak bulunmustur (14). Buna karsin,
referans merkezlerdeki gibi secilmis hastalarin degil,
nispeten hafif AN olgularinin degerlendirildigi, yaslarinin
ortancasi 19 yas olan 208 hastanin medyan 22 yillk takip
stiresince incelendigi bir calismada, tim nedenlere bagli
mortalite oranlari AN hastalari ile genel popiilasyon
arasinda benzer bulunmustur (15). AN ile ilgili mortalite
calismalarinin cogu, genellikle hastaneye vyatirilan, akut
komplikasyonlar gelismis hastalarin takip edildigi referans
merkezlerinde yapilmistir. Bu nedenle mortalite oranlari
bu merkezlerin disinda daha diistik olabilir (16). Ayrica
ergenlik doneminde yogun tedavi alan hastalarda oliim
riskinin daha distik oldugu gosterilmistir (17). Hatta
ergenlikte tani alip, yogun tibbi destek ve nutrisyonel
tedavi alan AN hastalarinda, 10-15 vyillik takip suresinde
mortalite saptanmayan calismalar vardir (18-20). Diger
taraftan cocukluk doneminde baslangic olarak kabul
edilen, hastaligin 14 yas altinda basladigi AN hastalarinin
ortalama 7,5 yil takip edildigi bir calismada, hastalarin
%1,5'inin kaseksi nedeniyle kaybedildigi bildirilmistir (21).
Bizim ¢calismamizda da cocukluk doneminde baslangic olan
ve takipsiz olan bir hasta kaybedilmis, bunun disinda 6len
hastamiz olmamistir. Bizim hastanemiz agir ve hastane yatisi
gereken hastalar kadar, ayaktan tedavi edilen hastalarin
da cok fazla oldugu 3. basamak referans bir merkezdir.
Mortalite oraninin eriskin hastalar icin bildirilenden dsiik,
ergen calismalari ile benzer olmasinda hastalarin yasi,
multidisipliner, yogun ve etkin bir tedavi almis olmalari
etkili olmus olabilir.

Calismamizda eksitus olan tek hasta 6zkiyim nedeniyle
kaybedilmisti. AN’li hastalarda en sik mortalite nedeni
ozkiyim olarak bildirilmistir. Bunun disinda ani kardiak
olim, ritim bozukluklari ve elektrolit bozukluklari gibi
medikal komplikasyonlar mortalitenin diger nedenleridir
(22). Bizim calismamizda medikal komplikasyon nedeniyle
kaybedilen hastamiz yoktu.

Hastaliga iliskin icgorinin olmasi, sosyal iliskilerin
iyi olmasi iyi prognozla iliskili iken; yeme bozuklugunun
daha ileri yasta baslamasi, hastalik siiresinin uzun olmasi,
viicut agirhiginin ve VKi'nin disiik olmasi, kilo restorasyonu
sonrasinda  dustik vicut yag ylzdesi, psikiyatrik
komorbiditelerin varligi ve hastane yatisi gerekliligi kot
prognozla iliskilidir (6,8,17,23-25). Ergenlikte baslayan AN icin
daha gecyasta baslangic ve premorbid mikemmeliyetcilik, iyi
prognostik faktorler olarak tanimlanmaktadir (26). Cocukluk
doneminde baslayan AN hastalarinda, prognozun daha koti
oldugu saptanmistir (27). Ayrica yine hastaligin 14 yas altinda
basladigi vakalarda, ruhsal bozukluklarin daha sik eslik
ettigi de gosterilmistir (21). Kaybedilen hastanin hastanede
yatis oykisii ve cok disiik kilo ve VKi gibi risk faktorleri
olmamasina ragmen; AN’nin 14 yasindan once baslamasi
ve hastanin takipsiz olmasi risk olusturmaktadir. Hastanin
ozkiyim nedeniyle kaybedilmis olmasi; bu hastalarin
medikal komplikasyonlar kadar psikiyatrik komorbiditeler ve
ozkiyim dusiinceleri agisindan da yakin izlenmesinin onemli
oldugunu gostermektedir. Yeme bozuklugu nedeniyle takip
edilen ergenlerin 6zkiyim distincelerinin ve girisimlerinin
degerlendirildigi bir calismada, AAN grubunda oOzkiyim
dusitncelerinin daha fazla oldugu, kendine zarar verme ve
ozkiyim girisimlerinin ise AAN ve AN gruplarinda benzer
oldugu bulunmustur (28). Bu nedenle 6zkiyim riskinin AN ile
benzer hatta daha yiiksek oldugu AAN hastalari da benzer
sekilde dikkatle degerlendirilmelidir.

Takibe uyumsuzluk, mortalite acisindan en onemli
risk faktorlerinden biri olarak one c¢ikmaktadir (29). Bizim
calismamizda kaybedilen hastanin, diizenli takibe gelmedigi
gorlilmustir. Ergenlerde yeme bozuklugu tedavisinin
surekliligi, hem medikal  komplikasyonlarin  erken
saptanmasi hem de psikiyatrik semptomlarin yakin takibi
icin kritik onemdedir. Literatiirde de tedaviye uyumsuzluk,
daha kotu prognoz, artmis relaps riski ve mortalite ile
iliskili bulunmustur (29). Bu nedenle, hastalarin ve ailelerin
diizenli izlemin 6nemi konusunda bilgilendirilmesi,
randevu uyumunu artiracak yaklasimlarin gelistirilmesi ve
takibi aksayan hastalar icin aktif hatirlatma sistemlerinin
olusturulmasi mortalite riskini azaltabilir.

Calismanin Kisitliliklar

Bu calismanin en onemli kisithhgi, izlem siresinin
literatiirde yer alan diger mortalite calismalarindan kisa
olmasidir. Bu nedenle mortalite orani distk saptanmis
olabilir. Ayrica gecerlitelefon numarasiolanve katiimayi kabul
eden hastalar calismaya dahil edilmistir. Ancak retrospektif
tasarim nedeniyle uzun zaman once takipten ¢ikan hastalara
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erisim zorlasmustir. iletisim kurulamayan hastalar daha agir
vakalar olabilir ya da iletisim kurulamamasinin nedeni
hastanin kaybedilmis olmasi olabilir. Takip edilen hastalarin
hepsine ulasamamis olmak mortalitenin oldugundan
dusiuk tahmin edilmesine yol a¢mis olabilir. Ayrica eslik
eden psikiyatrik ve tibbi komorbiditelerin sistematik olarak
degerlendirilmemis olmasi baska onemli bir kisitliliktir.
Ayni zamanda calismamiz tek merkez verisi sundugundan,
sinirh bir orneklem icin mortalite verisi sunulmustur. Ancak
hastanemiz uzun yillardir yeme bozuklugu hastalarinin
izlendigi ve toplamda en fazla hastanin takip edildigi merkez
oldugundan, ulkemiz verilerini biyiik olctide yansittigini
dustinmekteyiz.

Sonug

Sonu¢ olarak, bulgularimiz ergenlik déneminde
yogun ve multidisipliner tedavi uygulamalarinin medikal
komplikasyonlara bagli mortaliteyi azaltabilecegini; buna
karsilik, hastalarin takipsiz kalmasinin mortalite acisindan
onemli bir risk olusturdugunu gostermektedir. Ozellikle
tani aninda belirgin kilo kaybi, dustk vicut kitle indeksi,
uzun hastalik siresi ve tibbi komplikasyonlarin varhg,
daha olumsuz klinik seyirle iliskili olabilecek gostergeler
olarak one cikmaktadir. Yeme bozuklugu olan ergenlerin
multidisipliner ve cok yonli olarak yakin izleminin oncelikli
olarak ele alinmasi kritik 6nem tasimaktadir.

Etik
Etik Kurul Onayi: Bu calisma GO 19/837 proje numarasi
ile 03.09.2019 tarihinde Hacettepe Universitesi Girisimsel

Olmayan Klinik Arastirmalar Etik Kurulu tarafindan
onaylanmistir.

Dipnot

Cikar Catismasi: Yazarlar cikar catismasi
bildirmemislerdir.

Finansal Destek: Yazarlar tarafindan finansal destek

almadiklar bildirilmistir.
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Abstract

Introduction: Neonatal arrhythmias (NA) are rare in the neonatal period but cause
mortality and morbidity. NA often occurs as a continuation of arrhythmias in the
fetal period. The aim of this study is to retrospectively evaluate the incidence,
prenatal diagnosis rate, clinical features and treatment outcome of NA in our
neonatal intensive care unit.

Materials and Methods: The data of neonates with atrial or ventricular extrasystole,
conduction system abnormality, hereditary arrhythmia, bradyarrhythmia and
tachyarrhythmia treated in the Neonatal Intensive Care Unit of Uludag University
Faculty of Medicine for ten years were retrospectively reviewed and included in the
study. Patients with sinus tachycardia and sinus bradycardia were excluded from
the study.

Results: NA was detected in a total of 39 of 3703 patients. The most common
arrhythmia was supraventricular tachycardia (n=15, 38.5%). Fourteen patients were
diagnosed in the prenatal period, while seven patients had multiple arrhythmias.
The most common etiologic cause (n=20, 51.2%) was congenital heart disease,
while two patients had a history of maternal systemic lupus erythematosus.
Antiarrhythmic treatment was required in 25 (64.1 %) patients. Cardioversion or
defibrillation was performed in three patients. In 16 patients, the arrhythmia was
under control at follow-up, and 5 patients continued antiarrhythmic therapy.
Conclusion: Cardiac arrhythmias can already begin in the prenatal period and be
accompanied by various underlying cardiac or systemic diseases. These patients
usually do not respond to first-line drug therapy and are controlled by second-line
or multi-medication therapy. Cardioversion, on the other hand, is rarely necessary.
Appropriate treatment initiated in a timely manner is of great importance for
neonates.

0z

Giris: Yenidogan aritmileri (NA) yenidogan doneminde nadirdir olup mortalite ve
morbidite ile sonuglanabilir. NA genellikle fetal aritmilerin devami olarak ortaya
cikar. Bu calismanin amaci; yenidogan yogun bakim tinitemizde NA'nin insidansinin,
prenatal tani oraninin, klinik 6zelliklerinin ve tedavi sonuglarinin retrospektif olarak
degerlendirilmesidir.

Gere¢ ve Yontem: Uludag Universitesi Tip Fakiiltesi Yenidogan Yogun Bakim
Unitesi'nde on yil boyunca tedavi goren atriyal veya ventrikiiler ekstrasistol, iletim
sistemi anormalligi, kalitsal aritmi, bradiaritmi ve tasiaritmisi olan yenidoganlarin
verileri retrospektif olarak incelenerek calismaya dahil edildi. Sinis tasikardisi ve
sintis bradikardisi olan hastalar calisma disi birakild.
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Bulgular: Toplam 3703 hastanin 39'unda NA tespit edildi. En sik gortlen aritmi supraventrikiler tasikardiydi idi (n=15, %38,5). On
dort hastaya prenatal donemde tani aldi, yedi hastada ise multipl aritmi saptandi. En sik etyolojik neden (n=20, %51,2) konjenital
kalp hastaligi iken, iki hastada maternal sistemik lupus eritematozus oykusti mevcuttu. Hastalarin 25'ine (%64,1) antiaritmik tedavi
baslandi. U¢ hastaya kardiyoversiyon veya defibrilasyon uygulandi. Takipte 16 hastada aritmi kontrol altina alinabildi, 5 hastada ise

antiaritmik tedaviye devam edildi.

Sonug: NA prenatal donemde baslayabilir. Altta yatan cesitli kalp hastaligi veya sistemik hastaliklarla birlikte olabilir. Hastalar tek ilag
tedavisine yanit vermediginde aritmi coklu ilac tedavisi ile kontrol altina alinmaya calisiimaktadir. Nadiren kardiyoversiyon tedavisi
gerekmektedir. Yenidoganlar icin uygun tedavinin zamaninda baslatiimasi biyiik 6nem tasimaktadir.

Introduction

Although neonatal arrhythmias (NA) are rare in the
neonatal period, they are accompanied by various clinical
conditions and cause mortality and morbidity (1). In
neonates, cardiac arrhythmias occur in 1-5% of cases (2).
NA often occurs as a continuation of arrhythmias in the
fetal period. Therefore, prenatal diagnosis is important
for the early diagnosis and treatment of NA (1). Although
life-threatening arrhythmias are rare, their diagnosis is
important (3). Many benign arrhythmias are detected during
routine monitoring in neonatal intensive care units without
prenatal diagnosis (4). The type of treatment depends on
many factors, e.g. the type, duration and frequency of the
arrhythmia, the patient’s clinical condition, tolerance and
cardiac function. For all types of arrhythmias, the first step
is to determine whether the patient is hemodynamically
stable; aggressive treatment strategies should be used for
arrhythmias that present with hemodynamic instability
(5). The intrauterine treatment of fetal arrhythmias is an
interesting topic on which research is ongoing. Studies on
the development of modified technologies for the diagnosis
and treatment of fetal arrhythmias are currently being
conducted in the literature (6). The aim of this study is to
retrospectively evaluate the incidence, prenatal diagnosis
rate, clinical characteristics and response to treatment of NA
in our neonatal intensive care unit.

Materials and Methods

The study included newborns diagnosed with arrhythmia
by routine electrocardiography (ECG) between January 2011
and July 2021 in the neonatal intensive care unit of Uludag
University Faculty of Medicineand followed upwithadiagnosis
of NA by 24-hour rhythm Holter monitoring. Patients were
divided into four groups according to their arrhythmia types:
premature complex and extrasystoles (premature atrial or
ventricular contraction and extrasystoles), tachyarrhythmias
[supraventricular tachycardia (SVT), ectopic atrial tachycardia
(EAT), atrial flutter, ventricular tachycardia], bradyarrhythmias
[second-degree and complete atrioventricular (AV) block],

hereditary arrhythmias (long QT syndrome, short QT
syndrome). The diagnosis was confirmed by genetic testing
in patients with hereditary cardiac arrhythmias. Patients
with isolated sinus tachycardia, sinus bradycardia and
arrhythmias due to secondary causes such as electrolyte
disturbances and sepsis were excluded from the study. The
demographic characteristics of the patients (sex, gestational
age, birth weight, APGAR score, maternal and gestational
diseases) and clinical characteristics (prenatal diagnosis,
prenatal treatment, concomitant cardiac pathologies, type of
arrhythmia, condition of presence of multiple arrhythmias,
treatment methods) were retrospectively collected and
approved by the Ethics Committee of Uludag University
Faculty of Medicine for Clinical Research.

Statistical Analysis

For statistical analysis, SPSS software, version 19 was
utilized. P<0.05 were regarded as significant for all analyses.

Results

NA was detected in 39 out of 3703 patients who were
hospitalized and followed up during the study. Of the
patients, 17 were girls and 22 were boys, the average
gestational age was 38 weeks, 9 babies were preterm, and 30
were term babies (Table 1). A prenatal diagnosis was made
in 14 (35.9%) patients, and 6 of these patients were treated
during the prenatal period. Seven patients had multiple
cardiac arrhythmias, and 13 patients had congenital cardiac
pathology.

Two mothers had a history of systemic lupus
erythematosus (SLE), and three mothers had a history of
diabetes (Table 2).

Looking at the distribution of arrhythmias in order of
frequency, SVT wasthe most common, ventricular extrasystole
(VES) was the second most common, followed by atrial
extrasystole (AES), EAT, complete AV block, supraventricular
extrasystole, respectively (Table 3). The clinical characteristics
of patients diagnosed with SVT, the most common type of
arrhythmia, are given in Table 4.
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The most common etiologic cause (n=20, 51.2%)
was congenital heart disease, while the most common
concomitant cardiac pathology (n=3, 7.6%) was dilated
cardiomyopathy. Genetic testing was performed on three
patients. Genetic testing revealed long QT syndrome type
2 in only one patient. Mutations in genes associated with
22q11 deletion were detected in one patient with Di George
syndrome and another patient with dilated cardiomyopathy
(BAG3, MYPN, FLNC, SYNET).

Twenty-five (64.1%) patients required antiarrhythmic
therapy in the postnatal period, 9 received a single drug
and 16 responded to dual or multidrug treatment (Table 5).
Adenosine was the most preferred drug as the first treatment
option in 9 (23%) patients in the acute treatment. Propranolol
was used second in the treatment of chronic periods in 9
patients (23%) (Table 6).

Cardioversion or defibrillation was performed in a total
of 3 patients. While 1 of these patients had an SVT attack,
1 patient had ventricular tachycardia and ventricular
fibrillation, and 1 patient had atrial flutter. Cardioversion
was performed in 2 patients with SVT and atrial flutter,
and 1 patient with ventricular fibrillation with ventricular
tachycardia was defibrillated. When evaluating the prognosis
of the patients, it was found that the arrhythmia was
controlled in 16 patients during follow-up, while 5 patients
continued antiarrhythmic therapy. The age of the 5 patients
who continued treatment was determined to be 1 to 5
years. Complete AV block was observed in two patients in
the control Holters, WPW was observed in three patients and
long QT syndrome was continued in one patient.

Discussion

Neonatal arrhythmias are rare in neonatal intensive care
units, but different rates of their incidence are reported in
the literature. Jones et al. (7) reported an incidence of NA
of 4.8% based on ECG results obtained in the first two days
of life in 1028 healthy newborns. In another study, cardiac
arrhythmias were detected in 33 cases using the standard ECG
technique in 3383 healthy term infants and the incidence
was 0.1% (8). In contrast, Turner and Wren (9) found a
frequency of NA of 24.4 per 100,000 live births. In our study,
the frequency of NA was reported as 1%. In a study conducted
in our country, NA was shown to be more common in girls
than in boys(10). However, in our study, 56.4% of the patients
were male. In preterm infants, the incidence of NA has been
reported to be 23.6-38.5% (1,10-12). The incidence of NA in
preterm infants in our neonatal intensive care unit was 23%,
similar to that reported in the literature.

NA usually occurs as a continuation of cardiac
arrhythmias in the fetal period (1). Therefore, prenatal
diagnosis is important for early diagnosis and treatment of
NA. Fetal arrhythmias can be observed in 2% of pregnancies,
and pregnant women referred to pediatric cardiologists for
fetal echocardiography with a provisional diagnosis of NA
account for 10-20% of referrals (6). In studies conducted in
our country, the prenatal diagnosis rate of NA was reported
to be 34-52.9% (1,12,13) . In our study, the prenatal diagnosis
rate was 35.9%. In 6 patients with a prenatal diagnosis,
treatment began in the prenatal period. In the intrauterine
period, sotalol was administered to one patient with fetal

Table 1. Demographic and clinical characteristics of patients with neonatal arrhythmia

Birth weight (g) (mean=tstandard deviation) 3310+679
Gestational age, med (min - max) 38 (26-42)
Prematurity, n (%) 9(23)
Male gender, n (%) 22 (56.4)
Caserean rate, n (%) 36(92.3)
APGAR (1°t minute), med 8

APGAR (5" minute), med 9

Prenatal diagnosis, n (%) 14 (35.9)
Gestational age in prenatal diagnosis, med (min - max) 36.5 (25-39)
Prenatal treatment, n (%) 6(15.4)
Fetal echocardiography, n (%) 23 (59)
Congenital cardiac pathology, n (%) 13 (33.3)
Multiple arrhythmias, n (%) 7(17.9)
Mortality, n (%) 1(2.6)

The parameters showing normal distribution were given as mean + SD, and the parameters not showing normal distribution were given as median (25%-75%)
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SVT and two patients with fetal tachycardia, salbutamol
was administered to two patients with fetal complete AV
block and digoxin was administered to another patient with
fetal tachycardia. Especially in cases of congenital heart
disease, heart failure, hydrops fetalis and persistent cardiac
arrhythmias, intrauterine administration of pharmacologic
agents or insertion of pacemakers should be considered
in cases with heart block (6). One of the patients treated
pharmacologically during the intrauterine period who was
included in our study had non-immune hydrops fetalis,
none of them had structural congenital heart disease on

Table 2. Distribution of maternal gestational or chronic
diseases
Maternal gestational or chronic diseases n (%)
Maternal diabetes 3(7.6)
Chronic hypertension 1(2.6)
Hypothyroidism 1(2.6)
Epilepsy 1(2.6)
Sinus vein thrombosis 1(2.6)
Maternal SLE, n (%) 2(5.1)
Tetralogy of Fallot 1(2.6)
SLE: Systemic lupus erythematosus
Table 3. Distribution of arrhythmia types
Arrhythmia n (%)
VT 15 (38.5)
VES 4(10.3)
WPW 1(2.6)
Complete AV block 2(5.1)
AES 3(7.7)
EAT 3(7.7)
Supraventricular extrasystole 2(5.1)
Short QT sydrome 1(2.5)
Atriyal flutter 1(2.5)
SVT + WPW 2(5.1)
EAT+ VES 1(2.5)
SVT + VES 1(2.5)
VES + AES 1(2.5)
/ﬁ\_ES}r ventricular tachycardia + ventricular 1(25)
rillation
AES with block + long QT syndrome 1(2.5)
SVT: Supraventricular tachycardia, VES: Ventricular extrasystole, WPW: Wolff
Parkinson White sydrome, AV: Atrioventricular, AES: Atrial extrasystole, EAT: Ectopic
atrial tachycardia

fetal echocardiography, and antiarrhythmic medication was
started because of persistent arrhythmias.

NA may be accompanied by congenital heart disease.
The literature reports that 15-47% of newborns with cardiac
arrhythmias have structural congenital heart disease (1,13,14).
Similar to the literature, cardiac pathology was considered
the etiologic cause in 50.2% of patients in our study, while
structural complex cardiac pathology was found in 33.3%
of patients. Maternal diseases may also be a predisposing
factor for NA. Systemic diseases such as gestational diabetes
and SLE in the mother are among the known risk factors for
NA (13). In two of our patients, the mother had a history of
SLE and a complete AV block was diagnosed in the prenatal
period. Congenital AV block is a rare condition that presents
clinically in the prenatal, natal or postnatal period and is
characterized by transplacental passage of maternal anti-Ro/
SSA and anti-La/SSB antibodies. In the literature, treatments
with maternal sympathomimetics, digoxin and salbutamol
have been tried in the prenatal period. There is a lifelong
pacemaker requirement of more than 60% in the postnatal
period (15,16). Our patients with a history of maternal SLE
and AV block were treated with maternal salbutamol in the
antenatal period and followed up in the postnatal period
without the need for a pacemaker. All types of arrhythmias
can be observed in the fetus and neonate. The most
common are sinus tachycardia and bradycardia, SVT and,
less commonly, atrial flutter, ventricular arrhythmias and
complete heart block (1). In our study, patients with sinus
tachycardia and bradycardia were excluded. SVT is the most
common, followed by VES, AES, ectopic atrial tachycardia,
complete AV block and other arrhythmias. The incidence
of SVT, the most common type of arrhythmia in our study,
ranged from 1/250 to 1/1000 in infancy (17). Twenty-three
percent of SVT patients are diagnosed during the neonatal
period. The literature reports that SVT accounts for 30-40% of
NA (1,18). In our study, the frequency of SVT was 38.4%. Sotalol
was started as fetal treatment in two patients and digoxin
in one patient. Hinkle et al. (19) suggested a combination
of digoxin as the first choice for fetal treatment, sotalol as
the second choice and sotalol together with digoxin as the
third choice. In the acute postnatal period, adenosine was
the most common first choice.

Hereditary arrhythmias are rare. They arise as a result of
the development of cardiac channelopathy, which is associated
with mutations in genes that code for important ion channels
of the heart. They arise due to the development of cardiac
channelopathy, which is associated with gene mutations that
code forimportantion channels of the heart. Congenital long QT
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Table 4. Clinical features of patients with supraventricular tachycardia

Arrhythmia Type | Fetal Echo Prenatal Diagnosis | IU anti-arrhythmic | Postnatal Echo

SVT - - VSD, TAPVR, left atrial izomerism, PFO

VT + (TR, SVT) + + (sotalol) PFO

SVT + (normal) + Normal

SVT + WPW + (normal) + + (sotalol) Moderate MR, moderate TR, mild AR

SVT Inlet VSD - Inlet VSD, large PDA, IAS aneurysm

SVT - PFO, mild MR

SVT + (normal) + PFO

SVT + (normal) + Dilated CMP

SVT + (normal) + + (digoxin) Small PDA, PFO, mild MR, mild TR

SVT - - Small PDA, mild TR, PFO

SVT + VES - - PFO

SVT - - - PFO

SVT - - Mild systolic dysfunction

SVT + (normal) - Minimal AR

SVT Tetralogy of Fallot - Tetralogy of Fallot

SVT - - Pulmonary HT, HF, severe TR, minimal AR, ASD

VT Sight qtrial i Severe TR, VSD, large PDA, deformity of the
ilatation tricuspid valve

SVT + WPW - - PDA; PFO, physiological dilatation of right cavities

SVT: Supraventricular tachycardia, VES: Ventricular extrasystole, TAPVR: Total anomalous pulmonary venous return, PFO: Patent foramen ovale, TR: Tricuspid regurgitation,
WPW: Wolff Parkinson White sydrome, MR: Mitral regurgitation, AR: Aort regurgitation, VSD: Ventricular septal defect, PDA: Patent ductus arteriosus, IAS: Interatrial septal, CMP:
Cardiomyopathy, HT: Hypertension, HF: Heart failure, ASD: Atrial septal defect

Table 5. Types of arrhythmia according to the state of treatment

Without Single Drug Multipl Drug Cardioversion or
Treatment n (%) | Therapy n (%) Therapy n (%) Defibrilation n (%)

SVT 1(2.5) 4(10.2) 9(23) 1(2.5)

VES 2(5.1) 1(2.5) 1(2.5) 0

WPW 1(2.5) 0 0 0

Complete AV block 2(5.1) 0 0 0

Atrial extrasystole 3(7.6) 0 0 0

Ectopic atrial tachycardia 1(2.5) 1(2.5) 1(2.5) 0

Supraventricular extrasystole 2(5.1) 0 0 0

Short QT sydrome 1(2.5) 0 0 0

Atrial flutter 0 0 0 1(2.5)

SVT + WPW 0 1(2.5) 1(2.5) 0

EAT + VES 0 0 1(2.5) 0

SVT + VES 0 0 1(2.5) 0

VES + AES 1(2.5) 0 0 0

S : : : =

AES with block + long QT sydrome 0 1(2.5) 0 0

SVT: Supraventricular tachycardia, VES: Ventricular extrasystole, WPW: Wolff Parkinson White sydrome, AV: Atrioventricular, EAT: Ectopic atrial tachycardia, AES: Atrial extrasystole
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Table 6. The first choice antiarrhythmic drug according to the type of arrhythmia
Adenosine n (%) | Propranolol n (%) | Digoxin n (%) | Sotalol n (%) | Amiodarone n (%) | Esmolol n (%)
SVT 7(17.9) 4(10.2) 3(7.6)
VES - 2(5.1)
EAT 1(2.6) 1(2.6)
AF 1(2.6)
SVT + WPW 1(2.6) 1(2.6)
EAT + VES 1(2.6)
SVT + VES 1(2.6)
AES + VT + VF 1(2.6)
AES + long QT 1(2.6)
SVT: Supraventricular tachycardia, VES: Ventricular extrasystole, EAT: Ectopic atrial tachycardia, AF: Atrial fibrillation, WPW: Wolff Parkinson White sydrome, AES: Atrial extrasystole

syndrome, short QT syndrome, catecholaminergic polymorphic
VT and Brugada syndrome are examples of genetic cardiac
arrhythmias (19). In our study, long QT syndrome was detected
in a patient with blocked atrial extrasystole whose genetic study
is currently underway, and the diagnosis of another patient
with short QT syndrome was genetically confirmed.

While many benign arrhythmias do not require treatment
in the neonatal period, some types of arrhythmias with
clinical signs should be treated with antiarrhythmic therapy
(20). In the study conducted by Naumburg et al. (21), 72.2%
of patients with fetal arrhythmias received antiarrhythmic
therapy in the postnatal period. In our study, 25 (64.1%)
patients required antiarrhythmic therapy in the postnatal
period; 9 patients received a single drug and 16 responded to
dual or multidrug treatment. The choice of first-line or acute
medication for treatment depends on the type of arrhythmia.
In our study, adenosine was the most commonly used drug
as a first-line acute treatment, as SVT was the most common
in 9 (23%) patients. In life-threatening tachyarrhythmias,
apart from drug treatment, cardioversion or defibrillation
must be performed urgently and without delay. Synchronized
cardioversion is performed for SVT and ventricular tachycardia,
while defibrillation is used for ventricular fibrillation (22). In
our study, cardioversion with AES was performed in 2 patients
with SVT and atrial fibrillation, ventricular tachycardia and
ventricular fibrillation, and defibrillation was performed in
our hemodynamically unstable patient, and the arrhythmia
was controlled.

Return to sinus rhythm was achieved in 75-96% of
pediatric patients receiving adenosine with a diagnosis of
SVT (19). In our study, 16 of the 25 patients treated with
medication responded to treatment and their medication
could be discontinued during follow-up. In five patients, a

return to sinus rhythm was achieved by adenosine therapy in
the acute phase, and in 10 patients who did not respond to
adenosine therapy in the acute phase and required chronic
antiarrhythmic treatment. Two of the 5 patients still being
treated with SVT, one patient with SVT, one patient with WPW,
one patient with VES and one patient with long QT syndrome
are currently being followed up with antiarrhythmic medical
treatment. A return to sinus rhythm was achieved in 83.3% of
our drug-treated patients with SVT and their treatment was
completed after an average of 19.5 & 16.8 months.

Study Limitations

Major limitation of this study is that it is retrospective.
This was a retrospective, descriptive study and the number
of patients was not sufficient to clarify etiological issues.
Secondly, although drug-induced arrhythmias were
underestimated, prospective observations with a larger
number of patients could have been performed to obtain
a clearer picture of the drug of first choice in neonatal
arrhythmias and the response to the drug. Despite these
limitations, we believe that our current data will be useful in
increasing awareness about NA.

Conclusion

In conclusion, arrhythmias are rare in the perinatal
period but are among the most important cardiac problems.
They can occur together with various underlying cardiac or
systemic diseases. Prenatal diagnosis is very important for
treatment in the postnatal period. It is important to start
treating affected patients in the prenatal period. Patients
who do not respond to single-drug therapy in acute treatment
may require a high level of second-line treatment with
chronic medication. Patients with hemodynamic instability
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or resistant arrhythmias may require cardioversion or
defibrillation. Careful examination and continuous cardiac
monitoring in the postnatal period as well as good prenatal
monitoring and fetal echocardiography are important for
early diagnosis if required. Careful examination, continuous
cardiac monitoring in the postnatal period, good prenatal
monitoring and fetal echocardiography, if needed, are
essential for early diagnosis.
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Abstract

Introduction: Childhood obesity is associated with systemic inflammation and
metabolic disturbances. This study aimed to investigate the relationships between
obesity, systemic immune-inflammation index (Sll), and systemic inflammation
response index (SIRI) in children and adolescents.

Materials and Methods: A total of 217 children (126 controls, 91 obese; mean
age 12.2 + 3.4 years) were included. Anthropometric measurements, laboratory
parameters, and inflammatory indices (SIl, SIRI) were assessed. Multiple linear
regression analyses were performed to examine associations between BMI SD, age,
gender, pubertal status, and inflammatory indices.

Results: Obese children had significantly higher weight SD, height SD, BMI SD, NEU,
MPV, glucose, total cholesterol, LDL-C, TG, ALT, GGT, SII, and SIRI compared to controls
(p<0.05), while HDL-C was lower (p=0.041). Regression analyses showed that BMI
SD was a significant positive predictor of both SII and SIRI (p<0.001), whereas age,
gender, and pubertal status were not significant. The models explained 8.6% and
7.2% of the variance in SIl and SIRI, respectively.

Conclusion: Our findings indicate that childhood obesity is associated with elevated
systemic inflammatory markers and that BMI SD is a strong predictor of systemic
inflammation. These results highlight the importance of early weight management
to reduce inflammatory risk in children and adolescents.

0z

Giris: Cocukluk caginda obezite, sistemik inflamasyon ve metabolik bozukluklarla
iliskilidir. Bu calismada, cocuk ve ergenlerde obezite ile sistemik immiin-
inflamasyon indeksi (SIl) ve sistemik inflamasyon yanit indeksi (SIRI) arasindaki
iliskiler arastirilmistir.

Gereg ve Yontem: Calismaya toplam 217 cocuk (126 kontrol, 91 obez) dahil edildi;
yas ortalamasi 12,2 + 3,4 yil idi. Antropometrik 6lciimler, laboratuvar parametreleri
ve inflamasyon indeksleri (SIl, SIRI) degerlendirildi. Coklu dogrusal regresyon
analizleri ile BMI SD, yas, cinsiyet ve pubertal durum ile inflamasyon indeksleri
arasindaki iliskiler incelendi.

Bulgular: Obez cocuklarda, kontrol grubuna kiyasla agirlik SD, boy SD, BMI SD, NEU,
MPV, glukoz, total kolesterol, LDL-C, TG, ALT, GGT, Sl ve SIRI seviyeleri anlamli olarak
yuksekti (p<0,05); HDL-C seviyeleri ise diisiiktl (p=0,041). Regresyon analizleri, BMI
SD’'nin hem SII hem de SIRI icin anlamli pozitif bir belirleyici oldugunu gosterdi
(p<0,001), yas, cinsiyet ve pubertal durum ise anlamli etkiler gostermedi. Modeller
sirasiyla Sl ve SIRI varyansinin %8,6 ve %7,2’sini acikladi.
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Sonug: Calismamiz, cocukluk caginda obezitenin sistemik inflamasyon ile iliskili oldugunu ve BMI SD’nin inflamasyonun gticli
bir belirleyicisi oldugunu gostermektedir. Bulgular, erken donemde kilo yonetimi ve inflamatuvar riskin azaltilmasinin 6nemini

vurgulamaktadir.

Introduction

Childhood obesity is one of the most common chronic
health problems today. According to the 2013 Turkey
Demographic and Health Survey (TNSA), the prevalence of
overweight or obesity among children under the age of five
is 10.9% (1). The results of the 2009 Study on Monitoring
Growth in School-Age Children in Turkey (TOCBI) indicate that
among children aged 6-10, 14.3% are overweight and 6.5%
are obese. The obesity rate is 7.5% in boys and 5.4% in girls,
while the rate of being overweight is 15.1% in boys and 13.5%
in girls (2).

Furthermore, according to the 2009-2010 Health
Behaviour in School-Aged Children (HBSC) survey, 7% of
11-year-old girls and 16% of boys are classified as overweight
or obese. Among 13-year-olds, the rates are 10% for girls and
18% for boys, while in the 15-year age group, 6% of girls and
17% of boys are considered overweight or obese (3).

It has become clear that obesity is not only a condition
related to energy imbalance, but is also associated with
chronic low-grade systemic inflammation. Adipose tissue
synthesizes and secretes a large number of hormones,
cytokines, extracellular matrix proteins, growth factors and
vasoactive factors that we call adipokines. These cytokines
and adipokines induce leukocytosis in obese individuals by
increasing neutrophils (NEU) in the intravascular space and
accelerating bone marrow production (4).

Hematologic parameters such as white blood cell (WB()
count, NEU and lymphocyte counts (LYM), NEU to LYM ratio
(NLR), platelet count (PLT), PLT to LYM ratio (PLR), and mean
platelet volume (MPV) have been suggested to be associated
with systemic inflammation and increased cardiometabolic
risk (5).

WBC, NEU and LYM, along with NLR, may serve as markers
of systemic inflammation. NLR has recently emerged as a
potential prognostic indicator and may be associated with
carotid intima-media thickness in children aged 7 to 9 years
(6).

MPV is a marker of PLT function. MPV greater than normal
(above 10 femtoliters) indicates that PLT WBC are more active
and is associated with an increased risk of cardiovascular
disease (7).

Systemic Immune-Inflammation Index (SIl) and Systemic
Inflammation Response Index (SIRI), which include four basic
hematologic cell types (NEU, Monocyte (MON), LYM and PLT),
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are the next generation of objective inflammation indicators
developed based on peripheral blood parameters, which can
provide more clinical information and have practical use.
They have been reported to be associated with the prognosis
and development of diseases that are positively associated
with coronary artery stenosis, cancer and obesity in adult
studies (8-10). Although the prognostic and diagnostic value
of these indices in various diseases in the adult population
has been investigated, their role in childhood obesity is still
unclear (8).

Therefore, the aim of this retrospective case-control study
is to evaluate the utility of SIl and SIRI indices as markers of
systemic inflammation in obese pediatric patients.

Materials and Methods

Study Sample

This retrospective case-control study included data from
91 obese patients aged 5 to 18 years who were admitted to
the Pediatric Endocrinology Outpatient Clinic of Kayseri City
Training and Research Hospital between April and December
2023 due to excess weight. All patients had a body mass
index (BMI)-for-age > +2 SD (Standart deviation score), were
diagnosed with simple (primary) obesity, and had no chronic
diseases.

As the control group, 126 non-obese subjects aged 5to 18
years without chronic disease were randomly selected from
patients attending the same clinic.

Exclusion criteria: Malignancies, infection, bone marrow
suppressive disorder, malabsorptive disorder, medication
use, history of lung, liver or kidney disease, including any
inflammatory disorder; c-reactive protein more than 10
mg/L, WBC count less than 4x10° y/ml or more than 13.5x10°
u/ml, PLT less than 150x10° u/ml or more than 450x10° u/ml
and anemia.

Age, gender, anthropometric measurements, puberty,
complete blood count and biochemical test results were
analyzed.

Body weights and heights were measured with Seca
digital scale and Harpenden Stadiometer during the initial
examination. Height, weight and BMI SD were evaluated
according to age and gender appropriate charts. A BMI
of over 2 SD according to age and gender was considered
obesity (11). Puberty status of the patients was determined
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according to Tanner Marshall pubertal staging system. Stage
1 was considered prepubertal according to Tanner Marshall
staging (12).

Complete blood count, blood glucose, Gamma Glutamyl
Transferase (GGT, high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C), Total
cholesterol, triglyceride (TG)), liver function tests (alanine
aminotransferase (ALT), aspartate aminotransferase (AST))
were evaluated after at least 10 hours of fasting. Venous
samples for complete blood count were collected in
potassium EDTA tubes and analyzed within 2 hours. Blood
cell count was performed with an automated cell counter
(LH 780, Beckman Coulter, Krefeld, Germany) using the
impedance method. LYM, NEU and PLT (expressed as x10°
cells/ul) were measured using automated hematology
analyzers. Index calculations:

Neutrophil-Lymphocyte Ratio (NLR): NEU/LYM

Platelet-Lymphocyte Ratio (PLR): PLT /LYM

Systemic Immune-inflammation Index (SII): (PLT x NEU)
/ LYM (9).

Systemic Inflammatory Response Index (SIRI): (NEU X
MON) /LYM

Statistical Analysis

Mean, standard deviation, median, minimum-maximum
values, ratio, frequency values were used in descriptive
statistics of the data. Qualitative data were analyzed with
chi-square test. The distribution of the data was analyzed
by Kolmogorov Simirnov test. Mann-Whitney U test was used
to compare groups for variables that did not show normal
distribution; Student t test was used to compare groups
for variables that showed normal distribution. Spearman
correlation analysis was used to determine the relationship
between variables that did not show normal distribution,
and Pearson correlation analysis was used for variables
with normal distribution. A value of p<0.05 was considered
statistically significant.

In the study, multiple lineer regression analysis was
performed to evaulate the effects of SII and SIRI indices on
the other variables. Because SIl and SIRI showed right-skewed
distributions, log, -transformed values (log-Sll, log-SIRI) were
additionally used for regression analyse.

A priori power analysis was conducted assuming a
moderate effect size (Cohen’s d = 0.5), a significance level
of 0.05, and desired power of 0.95. The calculated sample
size per group to detect differences in SII and SIRI was
approximately 88 participants. Given that the study included
126 controls and 91 obese participants, the sample size was
sufficient to detect moderate effect sizes with high power.

Approval for this study was obtained from the Kayseri
City Hospital Clinical Research Ethics Committee of decision
number: 1009, date: 12.12.2023).

Results

General Characteristics of the Study Groups

A total of 217 children were included in the study,
comprising 126 in the control group and 91 in the obese
group. The mean age was 12.2 + 3.4 years. There were no
statistically significant differences between the groups in
terms of age and gender distribution (p>0.05). Weight SD,
height SD, and BMI SD were significantly higher in the obese
group compared to the control group (all p<0.001) (Table 1).

Comparison of inflammatory and metabolic
parameters between obese and control groups

Among laboratory parameters, NEU, MPV, glucose, total
cholesterol, LDL-C, TG, ALT, GGT, SII, and SIRI levels were
significantly higher in the obese group (p<0.05). HDL-C
levels were significantly lower in the obese group compared
to the control group (p=0.041). No significant differences
were observed between the groups regarding LEU, MON, PLT,
hemoglobin, AST, NLR, and PLR levels (p>0.05) (Table 1).

In terms of inflammatory indices, both SIl and SIRI were
significantly elevated in obese children. Mean SII was 528.5
+ 194.3 in the obese group versus 448.1 + 209.6 in controls
(p=0.008), and median SIRI was 1.00 (0.70-1.43) in obese
subjects and 0.79 (0.49-1.10) in controls (p<0.001 (Table 1).

Comparision by Pubertal Status

In the pubertal group, obese children had significantly
higher weight SD, height SD, BMI SD, NEU and erythrocyte
counts, glucose, total cholesterol, HDL-C, LDL-C, TG, ALT, GGT,
and SIRI levels compared to controls (p<0.05) . Pubertal sub-
analysis results are summarized in Supplementary Table 1.

Association Between BMI-SD and Inflammatory
Indices: Regression Analysis

Multiple linear regression analyses were conducted to
examine the relationship between SIRI and SII as dependent
variables and several predictors, including BMI SD, age,
gender, and pubertal status. The models explained 8.6%
of the variance in SII (R2 = 0.086, Adjusted R? = 0.066) and
7.2% of the variance in SIRI (R = 0.072, Adjusted R? = 0.052).
Among the predictors, BMI SD was a significant positive
predictor for both SII and SIRI (p <0.001), indicating that
for each one-unit increase in BMI SD, Sl increased by 38.16
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units and SIRI increased by 0.103 units. Age, gender, and
pubertal status showed no significant effects in either model.
Regression assumptions, including multicollinearity and

Watson =~ 2) (Tables 2 and 3).

independence of residuals, were satisfied (VIF <2; Durbin—

Table 1. General characteristics and laboratory findings of obese and control subjects

Control group (n:126) Obese group (n:91) p value
Age years” 11.93 (8.64-15.44) 13 (10.12-15.24) 0.142
Gender male” 44 (34%) 41 (45%) 0.131
Weight SD -0.05+1.32 2.66 £0.93 <0.001
Height SD -0.27 £ 1.41 0.53 +1.39 <0.001
BMI SD kg/m?* 0.26 (-0.67-1.21) 2.43(2.14-2.85) <0.001
NEU 10°/p/I" 3.83 (2.57-4.77) 4.57 (3.59- 5.86) <0.001
LYM 10*/u/I* 2.88 (2.25-3.32) 2.85(2.54-3.30) 0.349
Hb g/dl 13 (12-14) 13.7 (13-14) 0.060
Erythrocytes 10%/L 4.96 £ 0.39 517+ 0.42 <0.001
MON 10%/L" 0.55 (0.45-0.67) 0.62(0.51-0.73) 0.066
PLT 10%/u/I" 315 (263-346) 327 (286-366.5) 0.064
MPV fI* 9.6 (9-10) 9.8(9.2-10) 0.009
Glucose mg/dI”* 84 (78.7-87) 87(82-92.75) 0.001
Total-C mg/dI 133.56 £18.72 156.01 £30.21 <0.001
HDL-C mg/dI 49.4 £ 9.68 44.86 £ 8.87 0.041
LDL-C mg/dl 80.12 £15.59 96.23 + 25.67 0.001
TG mg/dI* 76 (64.75-92.75) 102 (76-163) 0.001
AST U/L” 23 (18-26.5) 21(17-27) 0.607
ALT U/L* 14 (11-17) 20 (14-27) <0.001
GGT U/ 12 (9-14) 17 (13-24) <0.007
NLR" 136 (0.97-1.98) 1.56 (1.14-2.04) 0.063
PLR" 108 (90-144.5) 111.5 (93.25-128.75) 0.680
S, 103/p/l 448.07 £ 209.61 528.54 £ 194.26 0.008
Log SII 5.98 £0.46 6.20 £ 0.37 0.002
SIRI, 10¥/p/I* 0.79 (0.49-1.10) 1.00 (0.70-1.43) <0.001
Log SIRI -0.32 £0.58 -0.01 £ 0.56 <0.001

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase, BMI: Body mass index, GGT: Gamma glutamyl transferase, Hb: Hemoglobi, HDL-C: High-density lipoprotein
cholesterol, LDL-C: Low-density lipoprotein cholesterol, LYM: Lymphocyte, MON: Monocyte, MPV: Mean platelet volume, NEU: Neutrophil, NLR: Neutrophil/lymphocyte ratio, N:
Number, PLT: Platelet, PLR: Platelet/lymphocyte ratio, SD: Standard deviation score, SII: Systemic immune-inflammatory index, SIRI: Systemic inflammatory response index, TG:
Triglyceride, Total-C: Total-cholesterol, bold represents statistically significant values (p<0.05). Data are presented as mean + standard deviation for normally distributed variables
and median (interquartile range) for non-normally distributed variables. Student’s t-test was used to compare groups for variables with normal distribution. *Mann-Whitney U test
was applied. **Chi-square test was applied

Table 2. Multiple linear regression analysis predicting SII

Variable B Std. Error Beta t VIF 95% Cl for B p
Constant 464.78 55.81 — 8.33 — 354.6-574.88 <0.001
BMI SD 38.16 10.30 0.272 3.71 1.08 17.84- 58.47 <0.001
Age -1.98 5.09 -0.033 -0.39 1.49 -12.02- 8.07 0.698
Gender -49.19 30.82 -0.116 -1.60 1.05 -110.00- 11.62 0.112
Puberty 19.38 45.71 0.037 0.42 1.56 67.80- 109,56 0.672

Cl: Confidence Interval. Note: Gender coded as 0 = Male, 1 = Female. Pubertal stage indicates whether puberty has started (1 = Yes, 0 = No). Model summary: R = 0.294, R =
0.086, Adjusted R? = 0.066, Standard Error = 199.55, Durbin-Watson = 1.49. No multicollinearity detected (VIF<2)
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Table 3. Multiple linear regression analysis predicting SIRI

Variable B Std. Error Beta t VIF ?::%BCI p

Constant 0.879 0.175 — 5.02 — 0.533-1.224 <0.001

BMI SD 0.103 0.032 0.235 3.25 1.08 0.041-0.166 0.001

Age -0.014 0.016 -0.074 -0.87 1.50 -0.046-0.018 0.388

Gender -0.017 0.095 -0.012 -0.17 1.05 -0.200-0.172 0.863

Puberty 0.198 0.141 0.122 1.40 1.56 -0.081-0.477 0.163

Cl: Confidence Interval. Note: Gender coded as 0 = Male, 1 = Female. Pubertal stage indicates whether puberty has started (1 = Yes, 0 = No). Model summary: R = 0.268, Rz =
0.072, Adjusted R = 0.052, Standard Error = 0.639, Durbin-Watson = 1.79. No multicollinearity detected (VIF<2).

Discussion

In this study, obese children and adolescents were
found to differ from their normal-weight peers in terms
of hematological parameters and inflammation markers.
Overall, the obese group showed significantly higher levels
of NEU, MPV, glucose, total cholesterol, LDL-C, TG, ALT, GGT,
SI1, and SIRI. These findings support the association between
obesity and systemic inflammation as well as metabolic
disorders.

Adipose tissue functions as an inflammatory organ by
continuously secreting various cytokines, adipokines, and
immune cells into the systemic circulation. Studies have
shown that these bioactive substances are valuable indicators
for diagnosing and monitoring systemic inflammation.
In chronic inflammation, increases in NEU and PLT and
decreases in LYM are often observed. Especially, NLR and
PLR are inexpensive and accessible markers that reflect the
clinical manifestations of metabolic inflammation (13). In
our study, obese children and adolescents were found to
have significantly higher NEU, MPV, SlI, and SIRI compared to
their normal-weight peers. These findings support the close
association between obesity and inflammatory processes,
highlighting the systemic inflammation originating from
adipose tissue and its clinical reflections. Interestingly,
parameterssuch as LEU, MON, PLT, hemoglobin, AST,NLR, and
PLR did not show significant differences between the groups.
This may suggest that while some classic inflammatory
markers remain within normal ranges in early or moderate
stages of obesity, composite indices like SIl and SIRI may offer
greater sensitivity in detecting subclinical inflammation.
Additionally, the elevated MPV values in the obese group
could reflect enhanced platelet activation, which has been
linked to endothelial dysfunction and cardiovascular risk in
obese children (14).

Increased leptin in obesity may increase the number of
circulating NEU by triggering NEU chemotaxis and activation.

Furthermore, obesity-induced hypoxia is another factor that
increases NEU infiltration in adipose tissue. Several studies
in recent years have found a positive correlation between
BMI and NEU. Increased NLR is used as an indicator of
inflammatory status in obese individuals and is associated
with cardiometabolic risk factors (15,16). On the other hand,
there are studies reporting that no difference was found in
obese and normal weight children and that it cannot be
considered as a marker of metabolic syndrome compared to
adults (4,17). In the study, NEU and NLR were higher in obese
patients but no difference was found in NLR when patients
were classified according to puberty. While erythrocytes
increase with increased erythropoietin due to hypoxia in
obese patients, anemia due to chronic inflammation is
also observed (18). Increased erythrocyte in obese people
has been associated with increased BMI, diabetes risk, and
central obesity (19). Similarly, in our study, erythrocyte count
was found to be high in obese pubertal subjects.

Obesity has been associated with thrombocytosis and
thrombosis, while hyperinsulinemia, hypertriglyceridemia,
and hypertension are independently associated with
thrombosis, regardless of obesity. Inaddition, increased leptin
levels in obesity may increase the risk of PLT aggregation and
cardiovascular disease (20). In the prepubertal group, higher
PLT counts were observed, highlighting the need for further
studies on this topic. MPV is a common indicator of PLT
activity. Increased MPV has been associated with increased
waist circumference, increased risk of diabetes (21,22). In our
study, MPV was found to be higher in obese subjects, both in
the pubertal group and in the prepubertal group.

In pubertal children, the metabolic and inflammatory
burden of obesity appears to intensify. Obese individuals in
this group showed significantly higher levels of erythrocyte
counts, glucose, total cholesterol, LDL-C, HDL-C, triglycerides,
ALT, GGT, Log Sll and Log SIRI than controls. These alterations
reflect the compounded effects of hormonal changes during
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puberty on obesity-related pathophysiology. The decrease
in HDL-C and increase in triglycerides and liver enzymes are
particularly concerning due to their association with future
cardiovascular risk. Overall, the findings indicate that while
obesity-related complications begin in the prepubertal
period, they become more pronounced and widespread
during puberty, emphasizing the critical importance of
age- and stage-specific interventions for effective obesity
management (23).

In our study, children with and without puberty were
compared. Adolescence is a complex developmental stage
in which sex steroids and metabolic processes change
significantly in the transition from childhood to adulthood.
Physiologic insulin resistance, fluctuations in growth
hormone and increased sex steroids, coupled with obesity,
can have a synergistic effect on inflammation. Increased
growth rate and cellular renewal processes can also increase
the sensitivity of the immune system (23).

SII quantifies the relationship between PLT, NEU and
LYM. It is a relatively stable marker despite physiological
conditions. SII has been found to be associated with other
inflammatory diseases, including heart failure, rheumatoid
arthritis, acute pulmonary embolism and chronic kidney
disease (24). SIl has a role as an additional measure of
cardiometabolic instability in predicting metabolic syndrome
in obese children (25). In the study by Zhang et al. (24),
although SII was found to be high in obese children, there
was no linear relationship between SIl and obesity. Increased
SII levels were positively correlated with obesity up to a
certain threshold (threshold log SII: 6.410), but negatively
correlated with obesity after crossing the threshold.
Increased peripheral proinflammatory cytokines in systemic
inflammation may lead to weight loss due to increased
energy expenditure, lipolysis, weight loss and decreased
appetite due to the inflammatory environment around the
vagus (24). In our study, Log SIl was found to be higher in the
both pubertal and prepubertal obese groups.

SIRI'is a new index used to reflect systemic inflammation
and immune response. SIRI has been used in past studies
to predict and assess the prognosis of diseases such as
pneumonia, rheumatoid arthritis and acute pancreatitis.
Inflammation is directly associated with insulin resistance
and chronic metabolic disorders as well as increased
cardiovascular risk (26). In our study, it was observed to
increase in obese children.

Multiple linear regression analyses in our study revealed
significant positive associations between BMI SD and both
the Sl and SIRI. In contrast, age, sex, and pubertal status did
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not have significant effects in either model. These findings
indicate that, as reported in the literature, increased body
weight in children and adolescents is associated with a
marked impact on systemic inflammation (27).

In contrast to several previous studies that have reported
significant associations between SII and SIRI with metabolic
parameters such as glucose levels, lipid profiles, and liver
enzymes, our findings did not reveal such correlations in the
pediatric population studied (8,24,28). This discrepancy may
be attributed to differences in study populations, particularly
age, pubertal status, and the pathophysiological progression
of obesity-related complications in children versus adults.

Study Limitations

The limitations of my study include the limited number
of patients. Confounding factors such as screen time, activity
status, parental weight and socioeconomic status, which
have a role in the development of obesity in children, were
not included in the study. The volume of PLT distribution
may vary, especially in samples taken in EDTA tubes (29). The
strength of the study is that a wide age range was included
and the cases were classified according to puberty.

Conclusion

In conclusion, NEU, erythrocytes and MPV were increased
in obese children compared to their healthy peers. SIRI
index was higher in adolescent obese children compared
to their peers. Obesity in adolescence, in combination with
hormonal and metabolic changes, triggers inflammatory
processes and poses a significant threat in terms of long-
term cardiometabolic risks. Indices such as SII and SIRI
can be used as valuable biomarkers for monitoring this
inflammatory response and early intervention. Therefore,
monitoring the level of inflammation should be addressed
with multidisciplinary approaches as well as early diagnosis
and treatment of obesity in adolescence.
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A Girl with Imerslund Grasbeck Syndrome: Presenting with
Hypocalcemia
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it O] Abstract

o

Although Imerslund-Grasbeck syndrome (IGS) is a rare disease, it can also cause
rare comorbid clinical conditions. IGS or selective vitamin B12 (cobalamin)
malabsorption with proteinuria is a rare autosomal recessive disorder characterized
by vitamin B12 deficiency. IGS is caused by mutations in the gene CUBN encoding
cubilin or AMN encoding amnionless. Homozygous or compound heterozygous
mutations in either CUBN or AMN lead to IGS. Vitamin D deficiency is considered
a major public health concern. Inadequate sun exposure, limited oral intake, and
impaired intestinal absorption are common risk factors for vitamin D deficiency.
Moreover, vitamin D binding receptor protein and 25-OHD urinary extraction are
associated with profound vitamin D deficiency, in IGS. Constitutional symptoms,
such as weakness and fatigue, are the conditions that may occur in the deficiency
of both vitamin B12 and vitamin D. For this reason, we would like to emphasize the
importance of monitoring vitamin D levels periodically in patients diagnosed with
IGS, as clinical findings may be similar.

Keywords 0z
Imerslund Grasbeck Syndrome, . . .
hypocalcemia, megaloblastic anemia Imerslund-Grasbeck sendromu (IGS) nadir gorilen bir hastalik olmakla birlikte

nadir gortilen komorbid klinik durumlara da neden olabilir. IGS veya proteindiri ile
birlikte selektif B12 vitamini (kobalamin) malabsorpsiyonu, B12 vitamini eksikligi
ile karakterize nadir bir otozomal resesif hastaliktir. Cubulini kodlayan CUBN veya
amnionlessi kodlayan AMN genlerinde homozigot ya da kompaund heterozigot
mutasyonlar sonucunda olusur. D vitamini eksikligi major bir halk sagligi sorunu
- 01.05.2025 olarak sikhkla karsimiza cikmaktaidr. Yetersiz giines 1sigina maruziyet, yetersiz
oral alim, intestinal emilimde bozukluk D vitamini eksikliginin yaygin sebepleridir.
Ayrica 1GS'de D vitamini baglayici reseptor proteini ve 25-OHD idrar ekstraksiyonu
derin D vitamini eksikligi ile iliskilidir.Halsizlik, yorgunluk gibi yapisal belirtiler hem
B12 vitamin eksikliginde hem de D vitamini eksikliginde ortaya cikabilmektedir.
Bu sebeple IGS tanisi alan hastalarda klinik olarak bulgular benzer olabileceginden
aralikli olarak D vitamini diizeylerinin takibinin yapilmasi 6nemini vurgulamak
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Introduction

Imerslund-Grasheck syndrome (IGS) or selective vitamin
B12 (cobalamin) malabsorption with proteinuria is a rare
autosomal recessive disorder characterized by vitamin B12
deficiency (1). IGS is caused by mutations in the gene CUBN
encoding cubilin or AMN encoding amnionless. Homozygous
or compound heterozygous mutations in either CUBN or AMN
lead to IGS (2,3). Vitamin D deficiency is considered a major
public health concern. Inadequate sun exposure, limited
oral intake, and impaired intestinal absorption are common
risk factors for vitamin D deficiency (4). Moreover, vitamin
D binding receptor protein and 25-OHD urinary extraction
are associated with profound vitamin D deficiency, in IGS.
Constitutional symptoms, such as weakness and fatigue,
are the conditions that may occur in the deficiency of both
vitamin B12 and vitamin D. For this reason, we would like
to emphasize the importance of monitoring vitamin D
levels periodically in patients diagnosed with IGS, as clinical
findings may be similar.

Case Report

An 11-year-old Syrian girl patient who complained of
weakness, easy fatigue, numbness in hands and feet, loss
of appetite, and hypocalcemia was detected in laboratory
parameters. She was referred to the pediatric endocrinology
clinic of our hospital. Height: 141cm (-0.5 SDS), weight:
41kg (0.4 SDS) BMI: 20.5 (0.8 SDS). There was consanguinity
between the parents. Muscle weakness, cramps, limb
paresthesia, Chovestek sign, and Trousseau sign were not
detected. The neurologic examination evaluated according

to age was normal. Abdominal examination was normal
and the liver and spleen were nonpalpable. There was no
jaundice, but she was pale.

Laboratory findings showed WBC: 6800/mm3, Hb: 9.8
g/dl, MCV: 116 fl, PLT: 280000/mm3, Calcium (Ca): 5.8mg/
dl, Phosphorus (P): 3.1mg/dl, Alkaline Phosphatase (ALP):
360U/L, Magnesium:1.8mg/dl, 25-OH D3: 1.4ng/ml, Lactate
Dehydrogenase (LDH): 589U/L, Parathormone (PTH):

406.2pg/ml, ionized Ca:1.1. In a spot urine sample, Calcium/
Creatinine ratio was 0.02 and there was proteinuria (+2).
In peripheral blood smear; poikilocytosis, anisocytosis,
macroovalocytosis, and hypersegmented neutrophils were
observed (Figure 1, 2). Iron levels and erythrocyte folate
levels were normal. Folic Acid level was 8 ng/ml but Vitamin
B12 level was found to be immeasurably low (Table 1).

Figure 1. Peripheral Blood Smear - Hypersegmented neutrophil
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Figure 2. Genetic AMN variant
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Tablo 1. The patient’s laboratory findings before and after treatment (3 month later)

Parametre Reference range Before treatment After treatment
Hemoglobin (g/dL) 11.5-15.5 9.8 12.8
MCV (fL) 75-90 116 83

WBC (/mm?3) 5,000 — 14,000 6800 7,200
Platelet (/mm?) 150,000 — 450,000 280,000 280,000
Vitamin B12 (pg/mL) 200 — 900 <83 640
Folat (ng/mL) 3-17 <3 9.2
25-0H D3 (ng/mL) 20 - 50 1.4 24

Ca (mg/dL) 8.5-10.5 5.8 9.4
Phosphorus (mg/dL) 25-55 3.1 43
Urine protein Negatif ++ Negatif
PTH (pg/ml) 15-65 406.2 90

ALP U/L 30-120 360 125

The initial differential diagnoses list included
hypocalcemia, vitamin D deficiency, vitamin B12 deficiency,
megaloblastic anemia and Imerslund-Grasheck syndrome
(IGS). Megaloblastic anemia, proteinuria, and vitamin B12
deficiency were detected. She is the daughter of a family
of Iragi origin. Because the patient had a consanguineous
marriage between the parents and described a diet rich in
vitamin B12, IGS was primarily suspected and genetic testing
was performed.

Intravenous Ca was given immediately as 1cc/kg and then
oral Ca and vitamin D 6000 U/ day treatment was started. The
first administration of cyanocobalamin (1000 mcg/day) IM
for three consecutive days was given, and the maintenance
dose consisted of 1000 mcg a week for one month (four
doses overall), followed by 1000 mcg administered monthly.

Genomic DNA (gDNA) was extracted from peripheral
venous blood samples taken from the patient following
the manufacturer’s protocol using High Pure PCR Template
Preparation Kit (Roche Diagnostics, Mannheim, Germany).
Clinical Exome Sequencing Libraries were prepared according
to the manufacturer’s using Human Comprehensive Exome
Panel (Twist Bioscience, South San Francisco). Following the
target process, libraries were sequenced on the DNBSEQ-G400
(MGI Tech, China) at 80-100X on-target depth with 150 bp
paired-end. Alignment to GRCh38 was done using BWA-MEM
0.7.17 (5). GenomizeSeq (Version 6.13.1) software was used
for analysis with the reference human genome (GRCh38).
Variants of interest were visually checked on Integrative
Genomics Viewer (IGV) (6). The Human Genome Mutation
Database (HGMD, http://www.hgmd.cf.ac.uk/ac/index.php),
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VarSome (https://varsome.com/), and ClinVar (https://www.
nchi.nim.nih.gov/clinvar/), novel variants in the databases
were checked. Genetic analysis showed a homozygous
variant ¢.149T>C (p.Phe50Ser) in the AMN (NM_030943.4)
gene. This change, defined as uncertain significance in the
Clinvar database, was not recorded in the public population
databases of the Leiden Open Variation Database (LOVD,
https://www.lovd.nl) and Genome Aggregation Database
(gnomAD, https://gnomad.broadinstitute.org/).

Our case presented with symptoms of vitamin D
deficiency and was diagnosed with autosomal recessive
hereditary imerslund-grasbeck syndrome, which is a rare
form of vitamin B12 deficiency. The patient ‘s nutritional
history should be taken carefully, and his personal and
family history should be questioned in detail. Although our
patient had both vitamin D and vitamin B12 deficiencies,
there were no specific physical examination findings for
these deficiencies.

Discussion

Inherited causes of vitamin B12 malabsorption in children
include lack of intrinsic factor, abnormal intrinsic factor, and
a deficiency of transcobalamin Il (7). IGS is a relatively rare
cause of megaloblastic anemia due to the malabsorption of
vitamin B12. The clinical and laboratory abnormalities show
a significant overlap in IGS and intrinsic factor deficiency
(IFD) and are characterized by megaloblastic anemia and
low vitamin B12. The presence of asymptomatic proteinuria
is specific to IGS. In the past, the Schilling test was used to
differentiate between conditions. Currently, genetic testing is
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used as the first line of investigation (8). Proteinuria has been
described in many IGS cases, although its absence does not
exclude the diagnosis (9).

In our patient, the detection of asymptomatic proteinuria
in repeated urine analyses was an important clue that led us
to the diagnosis. As a result of the genetic test, AMN ¢.149T>C
homozygous pathogenic variant was detected. The CUBN and
AMN genes encode two subunits (cubilin and amnionless)
of the cobalamin intrinsic factor of the ileal mucosa (10).
The cubilin-amnionless complex is called cubam, and is
considered to be essential for intestinal cobalamin uptake,
renal protein reabsorption and early rodent embryogenesis
(11). The Cubam receptor is expressed in the small intestine
and proximal renal tubules of the kidney. Low-molecular-
weight proteintiria had been previously reported in
some IGS patients due to CUBN and AMN gene mutations
previously (12). The common feature of these patients is the
lack of cubilin cell surface expression, which is caused by
both mutation. Also, our patient had vitamin D deficiency
and hypocalcemia. But, we could not associate vitamin D
deficiency at a level that would cause hypocalcemia with low
intake alone. Fyfe et al. (11) demonstrated that the functional
cobalamin—intrinsic factor receptor consists of a complex of
cubilin and amnionless.

Several IGS cases have been reported from Tirkiye,
mostly in consanguineous families (3-13,14). Karagtizel et
al. (13) described two Turkish children with homozygous
CUBN mutations, both presenting with proteinuria and
megaloblastic anemia. Similarly, Karagtizel et al. (13) and
Aksu et al. (14) emphasized that unexplained megaloblastic
anemia accompanied by mild proteinuria should raise
suspicion for IGS in the Turkish pediatric population (13,14).
Including these regional data underscores the need for
awareness in areas where consanguineous marriage is
prevalent.

In 2013, Storm reported four Imerslund grasheck patients
with AMN gene mutation and showed drinary extraction of
albumin, transferrin, VDBP, apoal, a1M, and RPB proteins.
Our observation of vitamin D deficiency in our affected
patient is thus consistent with the proposed hypothesis.

From a clinical perspective, hypocalcemia and vitamin
D deficiency in our patient highlight the importance
of a multidisciplinary approach, involving hematology,
endocrinology, and genetics. Patients with IGS should be
monitored for metabolic abnormalities beyond cobalamin
deficiency. Periodic follow-up of calcium, phosphorus, and
vitamin D status is recommended to ensure optimal long-
term management.

Conclusion

Our patient demonstrates that Imerslund—Grasheck
syndrome may coexist with profound vitamin D deficiency,
leading to an unusual presentation with hypocalcemia.
Clinicians should consider evaluating vitamin D status in
patients with IGS to ensure comprehensive management.
Reporting such cases is crucial to improve understanding of
the phenotypic variability and optimize long-term follow-up
strategies.

Footnotes
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Rekombinant insan biyime hormonu yaklasik 40 yildir kullanimda olup giinlik
tek doz seklinde uygulanmaktadir. Uzun etkili blyime hormonlar tedavi
uyumunu artirmak ve tedavi yiikiinii azaltmak icin gelistirilmektedir. Ulkemizde
ilk ve tek haftalik biylime hormonu olan somatrogonun hastalar tarafindan iyi
tolere edildigi, ciddi advers olaya rastlanmadigi belirlenmistir. Somatrogon, 9
Mart 2023’te tilkemizde ruhsat almis ve 17 Mayis 2024’te geri 6deme kapsamina
girmistir. Onerilen dozlama haftada bir kez, haftanin ayni giinii 0,66 mg/kg/hafta
seklinde olup 24 mg ve 60 mg seklinde kullanima hazir ve tek kullanimlik iki farkh
kalemi vardir. Somatrogonun haftalik uygulama kolayligi ve tedavi yiiki acisindan
avantaj saglamasi ve tedavi uyumunu iyilestirmesi beklenmektedir. Ayrica uzun
donem calismalari ile tedavi etkinligi, givenligi ve uyumunun yakin takip edilmesi
onemlidir.

Abstract

The recombinant human growth hormone has been used for about 40 years and is
administered as a single daily dose. Long-acting growth hormones are developed to
enhance therapy adherence and reduce therapy load. Somatrogone, the first and
only weekly growth hormone in our country, has been well tolerated by patients,
and no serious adverse events have occurred. Somatrogon obtained a license in our
country on March 9, 2023, and was reimbursed on May 17, 2024. The recommended
dosage is once a week, 0.66 mg/kg/dose on the same day of the week, available
for use in the forms of 24 mg and 60 mg. Somatrogon is expected to provide an
advantage in ease of weekly administration and treatment load and improve
treatment compliance. It is also essential to closely monitor the long-term studies
and the treatment’s effectiveness, safety, and adherence.
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Giris

Uzun etkili Biiyiime Hormonlan: Kisa Gelistirilme
Tarihi, Diinya Ve Tiirkiyede Onay Durumu

Rekombinant insan biiyiime hormonu (rhGH) 1985'teki
FDAonayiile kullanima girmistir (1). 35 yih askin siiredir klinik
pratikte giinliik biytime hormonu kullaniimaktadir, 20 kayit
kattigu ile somatropin tedavisinin gercek yasamdaki etkinligi
ve giivenliligi gosterilmistir (2,3). Glinlik btyiime hormonu
tedavisine uyumun tedavi sirecinde azaldig ve dusuk
uyumun tedavi basarisizligina neden oldugu calismalarda
gosterilmistir (4,5). Uyumu arttirarak tedavi basarisini
yikseltmek ve tedavi ylkini azaltmak icin uzun etkili
blylime hormonu preparatlari uzun siredir gelistirilmeye
cahisilmaktaydi (6). Haftalik biytime hormonlarinin farkli
formlar bircok tilkede faz calismalarini gecip piyasaya
strilmastir. Guncel olarak Amerika Birlesik Devletler’i ve
Avrupa Birligi Ulkeleri’'nde haftalik biyiime hormonlar;
Somatrogon, Somapacitan ve Lonapegsomatropin ruhsatli
olarak kullanimdadir (7). Ulkemizde Somatrogon 9 Mart 2023
tarihinde ruhsat, 17 Mayis 2024’ten itibaren ise geri 6deme
alarak kullanima ilk giren uzun etkili biytime hormonu
olmustur.

Somatrogon Molekiil Yapisi ve Etki Mekanizmasi

Somatrogon, insan koryonik gonadotropinin (hCG)
beta zincirinden C-terminal peptidin (CTP) 3 kopyasi ile
rhGH fuizyonu ile olusturulmus bir glikoproteindir (8).
CTP fuzyon proteini teknolojisi sayesinde somatrogonun
klirensi azalmakta, dolasimdaki yari omrii uzamaktadir ve
haftalik olarak kullanilabilmesine olanak saglamaktadir (9).
Somatrogon, rhGH'ye benzer bicimde, biiyime hormonu
reseptoriine  baglanarak ve karacigerden salgilanan
insulin like growth factor 1(IGF-1) aracihigi ile etkilerini
gostermektedir (10).

Farmakokinetik profili belirlemeye yonelik yapilan
bir calismada somatrogonun giinliik rgGH’ye gore 5 ila 10
kat daha uzun yar 6mre sahip oldugu gosterilmistir (11).
Farmakodinamik modele gore somatrogon enjeksiyonunu
takiben 48. saatte alinan IGF-1 olctiminin maksimum
degeri, 96. saatte alinan IGF-1 ol¢timiiniin ise hafta boyu
olan ortalama degeri yansittig1 gosterilmistir (12).

Klinik Arastirma Programi

2009 yilinda faz 1 klinik calismalar ile somatrogon klinik
gelistirme programi baslamistir (13). Faz 2 calismasinda
prepubertal biyiime hormonu eksikligine sahip cocuklarda
somatrogonun 0,66 mg/kg/hafta dozunun, somatropin 34
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mcg/kg/giin dozu ile benzer etkinlikte olduguna kanaat
getirilmistir. Bu calismada somatrogonun hastalar tarafindan
iyi tolere edilmis, ciddi advers olaya rastlanmamis ve
glvenliligi gosterilmistir (11). Faz 2 calismasi (2012 yilinda
baslayan), acik etiketli bir uzatma formatinda devam
ettirilmistir, 5 yilhk takip sonucu ortaya cikan sonuclarda;
hastalarin yillik boy uzama hizlari ve boy standart deviasyon
skoru (SDS) kazanclar faz 2 calismasina hem somatrogon ile
baslayan hem somatropin ile baslayip uzatma calismasinda
somatrogon ile devam eden hastalarda korunmus,
calismadaki hastalar tarafindan uzun donemde iyi tolere
edilmeye devam etmistir (14).

Faz 3 calismasinda (2017 yilinda baslayan) prepubertal
biytime hormonu eksikligine sahip 3-12 yas arasindaki
cocuk hastalarda somatrogonun etkinligi ve givenligi
gosterilmistir.  ilk asamada 109 hastalik somatrogon
grubuna karsihk, 115 somatropin grubunda hasta 1:1
randomize edilmistir. Somatrogon grubundaki hastalar
0,66 mg/kg/hafta, somatropin grubundaki hastalar ise 34
mcg/kg/giin tedavileri ile 1 yil boyunda takip edilmistir.
Somatrogon grubundaki hastalarin boy uzama hizi 10,1 cm/
yil, somatropin grubundaki hastalarin boy uzama hizi 9,78
cm/yil olarak kaydedilmistir. Bu sonuglara gore haftalik
somatrogon tedavisinin vyilliga cevrilmis boy uzama hizi
acisindan gunliik somatropin tedavisi ile benzer etkinlikte
oldugu gosterilmistir. Somatrogon bu calismada giinlik
somatropin ile benzer giivenlik profili gostermis, cogunlukla
hafif ve orta siddette tedavi esnasinda ortaya cikan advers
olaylar gozlenmis ve hastalar tarafindan iyi tolere edilmistir
(15).

Endikasyon, Pozoloji ve Klinik Pratige Yonelik Oneriler

Ulkemizde giincel olarak 3 yas iizerindeki pediatrik
hastalarda biiyiime hormonu yetersizligine bagli biyiime
bozuklugu tedavisinde endikasyonu  bulunmaktadir.
Somatrogon icin onerilen dozlama; haftada bir kez, haftanin
ayni gint, ginin herhangi bir saatinde 0,66 mg/kg/hafta
seklindedir. Doz, hekimin her bir hastanin gereksinimleri
konusundaki uzman bilgisine dayanarak yukari veya asagiya
yuvarlanabilir. Somatrogon karin, uyluk, kalca veya st kol
bolgesine subkutan enjeksiyon ile uygulanir. Enjeksiyon
bolgesi mutlaka haftada bir degistirilmeli yani rotasyon
uygulanmalidir. Ust kola ve kalcaya uygulama bakim veren
kisi tarafindan uygulanmalidir. Hastalar ve bakim veren
kisiler uygulama konusunda egitim almalidirlar.

Somatrogon 24 mg/1,2 ml ve 60 mg/1,2 ml seklinde 2
form halinde kullanima hazir ve tek kullanimlik kalemler ile
uygulanmaktadir. 24 mgiceren kalem formu 0,2 mgartislarla
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bir defada maksimum 12 mg uygulamaya izin vermektedir.
60 mg iceren kalem formu 0,5 mg artislarla bir defada
maksimum 30 mg uygulamaya izin vermektedir. 30 mg
tizerinde haftalik doz ihtiyaci olan hastalarda (viicut agirhg
>45 kg) 2 enjeksiyon 2 farkli ekstremiteye uygulanmaktadir.
Asini kilolu veya sisman hastalarda maksimum dozla ilgili
herhangi bir yonlendirme olmadigindan, klinisyen dozu
hesaplarken fiili viicut agirligi yerine ideal viicut agirligi veya
viicut yiizey alanini kullanmak isteyebilir.

Somatrogon dozu gerekli durumlarda hastanin biiytime
hizi, viicut agirhg IGF-1 serum konsantrasyonuna gore
ayarlanabilir. ilk IGF-1 diizeyi tedavi baslandiktan en erken 6-8
hafta sonra, son dozdan 4 giin sonra bakilmahdir. Ardindan
4 ile 6 ayda bir IGF-1 bakilmahdir. IGF-1 i¢in hedeflenen
standart sapma skoru (SDS), 2 SDS’yi gecmeyecek sekilde (-2
ve +2 arasinda) tist normal aralikta olmalidir. Serum IGF-I
konsantrasyonu cinsiyet ve yasa gore ortalama referans
degerini 2 SDS'den fazla asan hastalarda somatrogon dozu
%15 azaltilmahdir.

Hastanin blylime hizi ilk yil icinde artmazsa, tedaviye
uyum ve biyime basarisizhginin diger nedenleri (6rn.
hipotiroidizm, vetersiz beslenme, ileri kemik vyasi)
degerlendirmelidir. 4-6 ayda bir oksoloji, 12 ayda bir
pubertal durum/tiroid fonksiyonu vyapilmasini  onerilir.
Ergenlik doneminde pubertal durumun daha sik
degerlendirilmesi disundlmelidir. Tibbi endiselerin  s6z
konusu olmasi durumunda veya nihai vyetiskin boyuna
yakin oldugu disintlen genc¢ birinde biiyiime potansiyeli
degerlendiriliyorsa tedavi sirasinda 12-24 ayda bir kemik
yasini degerlendirmeyi goz ontinde bulundurulmalidir.
Epifiz/buyime plaklari kapandigina dair kanit oldugunda
tedavi kesilmelidir.

Hastalar diizenli dozlama gtinlerini stirdirmelidir. Bir doz
atlanirsa atlanan dozu takip eden 3 giin icinde miimkiin olan
en kisa siirede somatrogon uygulanmali ve sonrasinda her
zamanki haftada bir dozlama diizenine devam edilmelidir.
Eger 3 glinden uzun siire gectiyse, unutulan doz atlanarak
sonraki doz planlanan normal giinde uygulanmalidir. Her
durumda, hastalar daha sonra haftada bir kez olarak diizenli
normal doz programlarina devam edebilir. iki doz arasindaki
stire en az 3 giin olacak sekilde gerekirse haftalik uygulama
glinti deg@istirilebilir. Yeni bir uygulama gtinii belirlendikten
sonra haftalik uygulamaya devam edilmelidir.

Somatrogon buzdolabinda (2-8 °C) saklanmali,
dondurulmamalidir. Direkt gtines isigindan korumak icin
kutusundasaklanmalidir.Kalemdogrudanbuzdolabindan
cikarilip uygulanabilir, ancak daha rahat bir enjeksiyon

icin kalemi 30 dk. oda sicakhginda tutulup ardindan
uygulanmasi tavsiye edilmektedir. Kullanilmadan once
oda sicakhiginda en fazla 2 saat kalabilir. ilk kullanim
tarihinden itibaren 4 haftadan fazla (28 giin) gectiyse,
icinde ila¢ kalmis olsa bile kalemin atilmasi gerekir. Ayni
kalem bu 28 gtinliik stirede en fazla 5 kez kullanilabilir.
Kullanima hazir kalem bossa, dondurulmussa, 32°Cden
yuksek bir sicakhga maruz kaldiysa, her bir kullanimda
buzdolabindan 2 saatten fazla siire icin cikarilmissa,
5 defa kullanildiysa veya ilk kullanimindan sonra 28
giinden fazla siire gectiyse icinde kullanilmamis ilag
olsa dahi kalem atilmalidir. Tim dozlar dogru sekilde
uygulandiktan sonra, az miktarda steril somatrogon
cozeltisi kalemde kalabilir. Hastalara kalan cozeltiyi
kullanmaya calismamalari ve kalemi dogru sekilde imha
etmeleri yonunde talimat verilmelidir.

Glivenlik ve Gelecek

Haftallk buytime hormonunda en biyik tartisma
konusu uzun donem etki ve yan etkilerdir. Gunlik buyime
hormonunda su ana kadar yaklasik 200 binin tzerindeki
¢ocugun uzun donem givenlik verileri vardir. Ancak hem
hekimlerin hem de ailelerin tlkemizde kisa siire once
kullanilmaya baslayan uzun etkili biiyiime hormonunun etki
ve yan etkileri konusunda endiseleri dogaldir. Calismalarda
etkinlik ve giivenlik acisindan giinlik biyime hormonu
tedavisine gore benzer sonuclar yer alsa da, uzun donemli
veriler icin yeni calismalara ihtiyac vardir. Su ana kadar en
fazla 5 yillik veriler tam metin halinde ve 8 vyillik veriler
poster halinde sunulmus ve belirgin yan etki gozlenmemistir
(2,16,17). Yine 3 yasin altindaki cocuklarda tedavi etkinligi ve
pubertal donemdeki doz ayarinda calismalara ihtiyag vardir.

Sonug

Haftalik uygulamaya izin veren uzun etkili biytime
hormonu preparatlari kullanim kolayligi ve tedavi yiki
acisindan hastalara avantaj saglamaktadir, bu nedenle
tedavi uyumunu iyilestirmesi beklenmektedir. Somatrogon
baslanan hastalarda tedavi etkinligi, giivenligi ve uyumunun
yakin takip edilmesi 6nemlidir.

Dipnot

Cikar Catismasi: Yazarlar cikar catismasi bildirmemislerdir.
Finansal Destek: Yazarlar tarafindan finansal destek
almadiklari bildirilmistir.
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% p =] Sayin Editor,

“Cocukluk Cagi Trombositopenisi: Retrospektif Bir inceleme” baslikli

= makaleniz (1) sistematik yaklasimiyla tlkemizdeki pediatrik trombositopeni
etiyolojilerine yonelik kapsamli bir incelemedir.

Makalede siroz yalnizca “otoimmiin hastaliklar” bashg altinda
siniflandiniimistir. Oysa siroz; otoimmin hepatit disinda viral, metabolik,
genetik, vaskiler veya idiopatik bircok farkl etiyolojik sebeplere bagl olarak
gelisebilir. Bu nedenle sirozun tek bir grup altinda siniflandiriimasi, etiyolojik
cesitliligin goz ardi edilmesine neden olabilir. Ayrica, sirozun kendisi dogrudan
trombositopeni nedeni olmaktan cok, siroza bagl gelisen portal hipertansiyon
ve hipersplenizmin sekonder etkisiyle trombositopeni gelistigi goz oniinde
bulundurulmalidir (2).

Dahasi, yalnizca sirotik hastalarda degil, non-sirotik portal hipertansiyon
tablolarinda da (6rnegin portal ven trombozu, konjenital hepatik fibrozis,
idiopatik portal hipertansiyon) hipersplenizme bagli olarak da trombositopeni

Keywords ) ) gelisebilir (3,4). Literatiirde, portal hipertansiyonlu cocuk hastalarin %60’indan
Thrombocyﬁopema, portal hypertension, daha fazlasinda hipersplenizm bulundugu ve bu hastalarin %55-75inde
hypersplenism . U, . .
trombositopeni gelistigi bildirilmistir. Bu oran, portal hipertansiyona sekonder
Anahtar kelimeler gelisen hipersplenizmin cocukluk caginda trombositopeninin onemli fakat
Trombositopeni, portal hipertansiyon, gozden kacabilen bir nedeni oldugunu ortaya koymaktadir (4,5).
hipersplenizm Makalede 440 hastadan olusan bir trombositopeni kohortu sunulmasina
ragmen, hipersplenizm kaynakli sekonder trombositopeni nedenlerine
dair dogrudan bir alt grup tanimlanmamistir. Bu durum, pediatrik hasta
yonetiminde ozellikle izole trombositopeni ile basvuran portal hipertansiyon
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Gelecek  calismalarda,  hipersplenizm kaynakh
trombositopeninin, ayrica sorgulanmasi gereken bir alt
grup olarak tanimlanmasi, tanisal siniflamalarin daha
eksiksiz yapilmasina katki saglayacaktir.
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almadiklari bildirilmistir.
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