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Abstract

Background/Aim: Intrauterine growth restriction (IUGR) is a multisystem disorder that results in perinatal
morbidity and mortality due to decreased oxygen transfer from mother to fetus, a consequence of placental
dysfunction. The placenta secretes certain unique proteins, the levels of which significantly rise in maternal
blood during pregnancy. Among these, free beta-human chorionic gonadotropin (8-HCG) and Preghancy-
Associated Plasma Protein-A (PAPP-A) are the most frequently analyzed. Our primary aim was to assess
the correlation between PAPP-A and free B-HCG levels, derived from the first-trimester dual-screening test,
with fetal sex and birth weight. Our secondary aim was to determine the possibility of predicting IUGR
using these markers.

Methods: The first-trimester screening data, along with fetal sex and birth weight, of singleton pregnancies
in either primiparous or multiparous women who attended Istanbul Kosuyolu Medipol Hospital and gave
birth during the first trimester, were retrospectively analyzed from the hospital file system.

Results: PAPP-A demonstrated a positive correlation with birth weight. It was significantly lower in cases
of IUGR compared to normal fetal birth weight. A statistically significant correlation was also found
between fetal gender and both R-HCG and PAPP-A values; they were both higher in girls compared to boys
(P<0.05).

Conclusions: Pregnancies with low PAPP-A values in first-trimester screenings should be closely monitored
for IUGR. As PAPP-A and R-HCG averages were found to be lower in boys, they appear more risky. At this
point, a larger number of multicentric prospective studies are needed to support this conclusion.

Keywords: adverse pregnancy outcomes, pregnancy-associated plasma protein-A, 3-HCG, dual test
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Introduction

Today, early detection of Intrauterine Growth Restriction
(IUGR) is critical during prenatal check-ups to avoid multi-organ
failure. It is understood that the fundamental pathophysiological
cause of IUGR is placental dysfunction. This dysfunction occurs
via excessive vasoconstriction of the uterine and placental spiral
arteries, leading to reduced oxygen delivery to the fetus and, thus,
limited intrauterine fetal growth [1].

During pregnancy, the placenta secretes unique proteins,
and their levels in the maternal blood increase measurably. Among
these, free beta-human chorionic gonadotropin (3-HCG) and
Pregnancy-Associated Plasma Protein-A (PAPP-A) are the most
commonly used markers in studies [1]. B-HCG and PAPP-A are
measured in pregnant plasma and, combined with maternal age
and Nuchal translucency (NT), are used as screening tests to
identify the likelihood of various aneuploidies, particularly Down
syndrome [2,3]. The first-trimester screening test, also known as
the double test, is performed during the 11th to 14th gestational
weeks. It provides insights into potential fetal anomalies and
enables the termination of pregnancy in earlier weeks. A variety
of studies have examined the relationship between fetal weight
and PAPP-A [3-5]. However, there has been no study exploring
the relationship between the values from the double-screening test
and both fetal gender and weight.

In this study, we aimed to explore whether there is any
association between maternal PAPP-A and R-HCG levels,
obtained from the dual-screening test in the first trimester of
pregnancy, and fetal sex as well as fetal birth weight. We also
investigated the possibility of predicting IUGR using these
markers.

Materials and methods

This retrospective study was conducted at Kosuyolu
Medipol University Hospital from January 1, 2009, to December
31, 2016. The subjects included primiparous and multiparous
singleton pregnancies who underwent dual-screening tests and
follow-up visits at our hospital and also delivered their babies
here. A total of 1022 primiparous or multiparous pregnant women
who had such screening tests in our biochemistry laboratory were
selected for examination. Informed consent was obtained from all
participants. Ethical approval was granted by the Educational
Planning Coordination Board of Istanbul Medipol University
Hospital (E-10840098-772.02-780).

All data was analyzed retrospectively from hospital file
records. Not included were multiple pregnancies, pregnant women
who smoked, those who miscarried or gave birth prematurely, or
had their double test at a different center.

Participants were evaluated by a proficient perinatologist
with an ultrasound between 11 weeks 4 days to 13 weeks 6 days
of pregnancy. First, it was confirmed as a singleton pregnancy by
ultrasonography, and the crown-rump length (CRL) and the NT of
the fetus were measured. The obtained values were recorded on
our hospital’s double-screening test printed form, and venous
blood samples from the pregnant participants were taken on the
same day.

After ultracentrifugation, PAPP-A and free B-HCG were
measured from hemolyzed and non-lipidemic serum samples.

Serum biochemical markers were gauged using kits from
IMMULITE 2000 and the “solid-phase, enzyme-labeled
chemiluminescent immunometric assay” technique, which utilizes
the chemiluminescence method. The kit’s sensitivity is 0.025
mlU/mL for PAPP-A and 1 ng/mL for free 3-HCG.

The results obtained were tallied with MoM (Multiples
of Median) values corrected for case demographic data, maternal
age, weight, diabetes, and gestational age. Then, using PRISCA
4.0 (Prenatal risk calculation software from TYPOLOG
Software/GmBH, Hamburg, Germany), risks for Biochemical
Trisomy 21, age, and a combined risk, which included NT and
biochemical parameters, were calculated.

Based on these results, the value of 1/250 was taken as
the cut-off value in the first-trimester screening, and patients were
counseled whether they were in the high-risk group. At birth, the
newborn’s Apgar score, gender, fetal length, birth weight, head
circumference percentiles, and any congenital deformities and
complications at the time of delivery were recorded in the
electronic file system.

Statistical analysis

All statistical analyses were conducted using IBM SPSS
version 25.0 (SPSS Inc., Chicago, Illinois, USA). The normal
distribution of the values was evaluated using the Kolmogorov-
Smirnov test with Lilliefors correction. In the tables, continuous
variables are presented as mean (standard deviation [SD]), while
categorical variables are represented as number (n) and percentage
(%). Comparisons between groups were made using the
independent t-test for continuous variables. The relationships
between continuous variables were analyzed using Pearson
correlation. P<0.05 was considered statistically significant.

Results

The demographic and clinical characteristics of patients
are illustrated in Table 1. The mean age of 1022 singleton pregnant
women at birth was 30 (range 17-36) years. The average
gestational age at the time of the dual-screening test was 12+4
(11+4-13+6) weeks, or when calculated in days 87.99(3.50) days
as shown in Table 2. The median CRL and NT for the fetuses were
60.58 (6.94) mm and 1.67 (0.40) mm respectively. The mean
PAPP-A value was 1.01 (0.50) MoM and the mean R-HCG value
was 1.14 (0.73) MoM. The mean gravida was 1.66 (0.80), and the
mean body mass index of the patients was 25.20 (11.0) kg/m?. It
was found that 48% (n=490) of the babies born were girls and 51%
(n=524) were boys. 19.3% (n=197) of the pregnant women had a
normal vaginal delivery, and 80.7% (n=824) had a cesarean
section. The mean fetal weight was 3.29 (0.46) kg and the average
gestational age at birth was 38.52 (1.54) weeks. A diagnosis of
IUGR was given to 10% (n=100) of the pregnant women. As
shown in Table 2, there is a significant positive correlation
between fetal weight and PAPP-A values (r=0.110, P=0.001).
However, no significant relationship was found between fetal
weight and 3-HCG values (r=0.016, P=0.303) or NT values and
fetal weight (r=0.004, P=0.201). Notably, a negative association
was observed between trisomy 21 biochemical risk and fetal
weight (r=0.071 P=0.023). Examining the relationship between
gender and dual screening test parameters reveals a significant
difference between gender and PAPP-A values: a comparative
analysis found higher PAPP-A levels in females than in males
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(P=0.004) (Table 3). Similar

ly, there is a statistically significant

difference between gender and R-HCG averages: RB-HCG averages
were found to be higher in girls than in boys (P<0.001) (Table 3).

Table 1: Demographic and clinical feature

s of the subjects included in the study.

Fetal Gender n (%) or
Mean (SD)
Female ‘ 490 (48.3)
Male 524 (51.7)
Type of delivery |
Vaginal delivery ‘ 197 (19.3)
Cesarean Section 824 (80.7)
IUGR
None ‘ 899 (90.0)
Present 100 (10.0)
Macrosomia
None 903 (90.2)
Present 98 (9.8)
Maternal Age (n=1021) 30.55 (4.35)
Gravidity (n=1014) 1.66 (0.80)
Maternal BMI. kg/m? 25.20 (11.03)
Gestational age *(day) (n=1021) 87.99 (3.50)
CRL mm (n=1020) 60.58 (6.94)
NT mm (n=1021) 1.67 (0.40)
PAPP-A, MoM 1.01 (0.50)
B-HCG, MoM 1.14 (0.73)
Fetal weight, kg (n=1011) 3.29 (0.46)
Gestational age**(week) (n=1007) | 38.52 (1.54)

* Gestational Age at Dual screening time, **Gestational Age at birth

Table 2: Correlation analyses between fetal weight, PAPP-A, B-HCG, NT, maternal weight,
and Trisomy 21 values.

Fetal PAPP- - NT Maternal Trisomy
weight =~ A HCG BMI 21
risky
Fetal r 1
weight
PAPP-A r | 0110 1
P | <0.001
R-HCG r | 0.016 0.267" 1
P | 0.603 <0.001
NT r | -0.004 -0.048 -0.023 1
P | 0.901 0.128 0.457
Maternal r | 0.161™  -0.084™ | 0.031 0.048 1
BMI P | <0.001 0.007 0.327 0.126
Trisomy r | -0.071" | -0.518"™ | 0.408™ | 0.080" @ 0.127" 1
21 risky P | 0.023 <0.001 <0.001  0.011 <0.001

** Correlation is significant at the 0.05 level (Pearson correlation test), *** Correlation is significant at the
0.01 level (Pearson correlation test)

Table 3: Comparison of PAPP-A and R-HCG values with fetal gender.

Female Male P-value
n=490 n=524
PAPP-A, MoM | 1.06 (0.53) = 0.97 (0.48) 0.004
B-HCG,MoM | 1.25(0.82) = 1.04(0.62) = <0.001

P-value: independent t-test, values: mean (SD)

Discussion

The primary goal of antenatal biochemical screening
tests is to minimize maternal and fetal morbidity and mortality [4-
6]. Consequently, the number of studies on these placenta-secreted
proteins is increasing significantly. PAPP-A, one of these
proteins, was first isolated in a laboratory in 1974 [7]. It is secreted
from cytotrophoblasts and can be detected in maternal blood
starting the 8th week of gestation [4]. In 1999, PAPP-A, an
insulin-like growth factor (IGF), was isolated from a human
fibroblast culture medium. PAPP-A has been linked to numerous
pathophysiological events associated with IGF-1 and 2 [8]. The
IGFs are known to play a significant role in trophoblast invasion
into the decidua during pregnancy [9]. Any defects in this pathway
could potentially affect fetal growth adversely, due to inadequate
placental perfusion, and could be the initial mechanism for various
pregnancy complications [9,10]. As pregnancy progresses, levels
of PAPP-A in maternal blood increase, rapidly decreasing after
birth [7]. A decrease in PAPP-A as compared to a typical
pregnancy suggests a riskier pregnancy in terms of chromosomal
anomalies and negative pregnancy outcomes [11].

The relationship of PAPP-A and 8-HCG values with fetal gender and weight
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In addition to its role in placental and fetal development
in pregnant women, PAPP-A plays a significant part in many
physiological and pathological processes in non-pregnant
individuals. These include bone development and restructuring,
wound healing, atherosclerotic plaque formation in the vascular
wall, and hyperplasia in smooth muscle cells in the airways of
asthma patients [9,12]. Accurate determination of gestational age
is indispensable to the health of both mother and infant, and it is
crucial to provide comprehensive counseling on safe and effective
methods for terminating pregnancy. While the last menstrual
period and the first-trimester ultrasound are frequently used to
ascertain gestational age, they have inherent limitations in terms
of accuracy and usability. Studies on PAPP-A for determining
gestational age are ongoing [13]. In pregnancies marked by Down
syndrome, maternal serum PAPP-A levels significantly decrease
in the first trimester [14]. Moreover, low PAPP-A levels are
detected not only in trisomy 21 but also in other fetal aneuploidies
[15]. Additionally, low first-trimester PAPP-A levels are closely
associated with in-utero fetal death and low birth weight [14].
Consequently, low first-trimester PAPP-A levels have started to
be used to monitor pregnancies for adverse fetal outcomes [15].
Parry et al. [16] found a significant correlation between maternal
serum PAPP-A levels and detrimental pregnancy outcomes in
nulliparous women. However, the tests’ analytical properties do
not substantiate their usage as clinical biomarkers predicting
adverse pregnancy outcomes, either individually or in
combination with maternal clinical characteristics [16].

Kantomaa et al. [17] examined data from a large cohort
of pregnant women to assess the relationship between PAPP-A
and small for gestational age (SGA). They concluded that a cut-
off of 0.4 MoM should be used to gauge the increased risk of SGA
[17]. Similarly, Sovio et al. [18] highlighted that lower PAPP-A
values were linked with fetal growth restriction. The scenario
differs slightly for pregnancies complicated by diabetes: the first-
trimester serum screening markers for fetal Down syndrome,
PAPP-A, and free RB-HCG, cannot serve as a risk determination
tool for obstetric complications like IUGR, macrosomia, and
preterm birth [19]. Another crucial point is the assessment of
pregnant women who smoke. They were not included in this study
due to studies showing that smoker’s PAPP-A levels are
approximately 15 percent lower than non-smokers [20].
Simulation studies also indicated that the detection of trisomy 21
in smokers using free beta hCG, PAPP-A, and maternal age will
decrease by about 5 to 6 percent compared to the general
population [20]. A few researchers have also studied the
connection between first-trimester maternal PAPP-A levels and
adverse obstetric outcomes in cases of isolated preterm
oligohydramnios. They concluded that PAPP-A should not be
used as a marker in such instances [21].

The present study revealed a statistically significant
difference between the mean PAPP-A levels and fetal gender:
PAPP-A averages were found to be higher in girls compared to
boys. Similarly, we found a statistically significant difference
between fetal gender and B-HCG averages: B-HCG averages were
higher in girls than in boys. In contrast, Cokmez et al. [22] stated
that PAPP-A and free B-hCG values were not influenced by the
fetal gender. In two studies conducted by Nicolaides in 2000 and
2009, the connection between PAPP-A, 3-HCG, and gender was
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discussed. Initially, Cowans et al. [23] examined 2923 normal and
203 Trisomy 21(Tri 21) pregnant women, followed by Spencer et
al. [24] who examined 56024 normal and 722 Tri 21 pregnant
women in 2009. In both studies, maternal B-HCG and PAPP-A
levels were higher in both normal female fetuses and in female
fetuses affected by Tri 21. Since this finding reduced the detection
rate of Tri 21 in girls by 1-2%, a gender-based correction was
deemed necessary.

Stark et al. [25] demonstrated that maternal physiology
varies with fetal sex. Pregnant women carrying a male fetus
showed increased vasodilation in response to corticotropin-
releasing hormone, as well as greater baseline perfusion than those
carrying a female fetus. Preeclamptic women pregnant with a male
fetus exhibited significantly reduced vasodilation compared to
normotensive women carrying a male fetus. However,
microvascular function did not show any significant differences
between preeclamptic and normotensive women carrying a female
fetus [25].

Broere-Brown et al. [26] discovered that the pulsatility
index of the uterine artery in women carrying a male fetus was
higher compared to those carrying a female fetus. In addition,
women carrying a male fetus were observed notching more often
in the Doppler resistance pattern. Reinforcing these findings,
Inkster et al. [27] reported that epidemiological studies have
identified sex differences linked to various obstetric
complications, supporting the broader view of a “male
disadvantage” that is more intricate than initially assumed. They
also examined potential mechanisms that might explain the
development of sex differences in fetoplacental function. In
conclusion, they emphasized the need to bridge gaps in the
development of appropriate diagnostic tests to predict sex-related
obstetric conditions.

The primary strength of this study is that it encompasses
a larger number of patients compared to most single-center trials
detailed in the literature. Additionally, it represents the pioneering
research examining the relationship between dual-screening
biochemical parameters and both fetal weight and gender. The
limitations of this investigation include its retrospective nature,
lack of comparison, and representation of results from single-
center data.

Conclusions

Pregnancies with low PAPP-A levels during the first-
trimester screening should be thoroughly monitored due to the risk
of IUGR. It has been found that PAPP-A levels are lower in boys
than in girls. Consequently, male infants may bear a greater risk
of poor obstetric outcomes than female infants. However,
additional research, especially multicenter, prospective studies, is
needed to corroborate these conclusions.
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Abstract

Background/Aim: This study aims to develop an interpretable and practical decision support method for
early prediction of the need for cesarean delivery. Although machine learning and deep learning models are
prevalent in the literature, their generalization capabilities are often restricted, especially when utilizing
small clinical datasets. This limitation underscores the necessity for robust, transparent, and well-regularized
models in medical decision-making processes.

Methods: The study proposed a stacking-based hybrid model, which combines the strengths of both
classical and modern techniques. The data were normalized using StandardScaler, and feature selection
involved principal component analysis (PCA) and SelectKBest to capture global and target-relevant patterns.
In the classification phase, two parallel learners — a regularized multi-layer perceptron (MLP) and logistic
regression — were used, followed by a random forest meta-learner.

Results: The experimental analysis demonstrated that the proposed model achieved an average accuracy of
96.43% under stratified 5-fold cross-validation. Although this result surpassed the performance of other
baseline models within the dataset, it should be regarded as preliminary due to the limited sample size.
Conclusion: The findings indicate that the proposed hybrid approach has potential as a promising direction
for future clinical decision support research. Nonetheless, additional validation using larger and more diverse
datasets is necessary to adequately assess its generalizability and practical utility.

Keywords: cesarean prediction, clinical decision support, medical data analysis, machine learning in
healthcare
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Introduction

The global rate of cesarean deliveries has significantly
increased in recent decades. The World Health Organization
(WHO) recommends a cesarean section (CS) rate between 10%
and 15%; however, many countries have far exceeded this
recommendation. For example, before the 1980s, CS rates were
generally below 10%, but in the past decade, they have surpassed
30% in many developed countries [1]. Although cesarean delivery
is essential when medically justified, its unnecessary use can lead
to various complications, prolonged recovery times, and increased
burdens on healthcare systems.

Currently, no standardized method supports clinical
teams in making objective decisions about CSs in borderline cases
with unclear medical indications [2]. In response, artificial
intelligence (Al)-based systems have gained traction in medicine,
notably for classification tasks. In obstetrics, predictive models for
CS can assist clinicians in decision-making. However, challenges
such as small sample sizes, class imbalance, clinical data
complexity, and the need for interpretability hinder the
development of effective models.

To address these limitations, this study proposes a novel
stacking-based hybrid classification model for CS prediction. This
model integrates classical machine learning algorithms — such as
logistic regression, decision trees, and support vector machines —
with modern deep learning architectures, including multi-layer
perceptron (MLP), convolutional neural network (CNN), and long
short-term memory (LSTM). The goal is to leverage both the
interpretability of traditional methods and the high representation
power of deep learning. Based on experimental observations, a
meta-learning approach was employed to harness the strengths of
the individual models.

The proposed framework incorporates a feature fusion
strategy that integrates principal component analysis (PCA) with
SelectKBest. This combination retains global variance and target-
specific relevance, thereby reducing overfitting in small clinical
datasets. The classification structure utilizes a regularized MLP
and logistic regression as base learners, whose outputs are
subsequently fed into a random forest meta-learner. This layered
design enhances generalization by capturing both linear and non-
linear patterns effectively.

Compared to the single-model approaches commonly
found in the literature, the proposed hybrid model achieved a
superior accuracy of 96.43%, demonstrating its effectiveness in
CS classification. The logistic regression component of the model
enhances interpretability, thus supporting both practical clinical
utility and academic relevance.

Furthermore, this study addresses a gap in the literature
by introducing an integrated model that combines stacking,
dimensionality reduction, and ensemble learning techniques
specifically tailored for cesarean prediction. Although previous
studies [3-5] have investigated various feature selection and
classification algorithms, few have successfully integrated
multiple advanced techniques into a single architecture with
demonstrated clinical applicability.

Materials and methods

Dataset and pre-processing

The dataset used in this study was sourced from a
publicly available resource on Kaggle [6]. It comprises 26
instances, covering both cesarean and non-cesarean deliveries.
Each record encompasses various maternal and fetal attributes,
including maternal age, blood pressure, fetal heart rate, and prior
delivery history. The target variable specifies whether the delivery
was a CS or occurred naturally.

The dataset comprises six input features alongside a
binary target variable. The features are defined as follows: Age
(represents the mother’s age in years, ranging from 22 to 40);
Delivery Number (Indicates the total number of previous
deliveries, recorded numerically and ranging from 1 to 4);
Delivery Time (an ordinal value that specifies the timing of birth,
with three categories: 1 for timely, 2 for late, and 3 for early);
Blood Pressure (a categorical value representing blood pressure
status, where 1 denotes low, 2 normal, and 3 high); Heart Problem
(a binary indicator of the presence of a maternal heart condition,
coded as 0 for absence and 1 for presence); and Target (Cesarean)
(a binary outcome variable that indicates the mode of delivery,
where 1 represents a CS and 0 denotes a natural delivery).

Among the 26 cases, 15 were cesarean deliveries and 11
were natural births, which reflects a mildly imbalanced class
distribution. Most participants had normal blood pressure and no
heart problems, and the majority were first-time mothers. This
information is included to enhance transparency about the dataset
structure and to enable a more informed assessment of potential
biases.

In the pre-processing phase, normalization was applied to
standardize feature scales, and incomplete records were removed
to ensure data quality. To enhance classification performance,
feature selection techniques were utilized. Specifically, PCA and
SelectKBest based on the ANOVA F-score were employed. This
combined approach reduced dimensionality, eliminated irrelevant
or noisy features, and preserved the most informative attributes for
model training.

Machine learning models

Logistic regression is a widely used linear classification
method for binary problems. It employs the logistic (sigmoid)
function to predict the probabilities of the dependent variable,
yielding outputs between 0 and 1. Due to its high interpretability,
logistic regression is particularly favored in fields such as
healthcare, finance, and social sciences [7].

The random forest is an ensemble learning method
composed of multiple decision trees. Each tree is trained on a
distinct subset of data with randomly selected features. This
approach allows random forests to outperform single decision
trees in terms of accuracy and generalization, owing to their
diversity. Additionally, random forests significantly reduce the
risk of overfitting. The algorithm yields effective results in both
classification and regression tasks, making it particularly useful
for large datasets. A further advantage of random forests is their
capability to produce interpretable outputs, such as feature
importance rankings, which are valuable to researchers seeking to
understand model predictions [8]. However, models with a large
number of trees can experience increased training time and
computational costs.
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Deep learning models

The multi-layer perceptron (MLP): MLP is one of the
most fundamental and widely utilized types of artificial neural
networks, primarily used for supervised learning tasks [9]. As a
feedforward neural network, an MLP typically consists of an input
layer, one or more hidden layers, and an output layer. Each neuron
is fully connected to neurons in the preceding and following
layers. The use of non-linear activation functions enables the
model to learn complex mappings. Variants, including residual
MLPs, batch-normalized MLPs, and deeper architectures, are
often employed to enhance learning performance and ensure
training stability.

Convolutional neural networks (CNNs): CNNs originally
developed for image processing tasks, have recently gained
popularity in analyzing one-dimensional time series data. By
utilizing 1D convolutional layers, CNNs can automatically detect
local patterns and short-term dependencies, such as trends or
periodic signals, within sequential data. This capability renders
them suitable for applications in fields including financial
forecasting, sensor signal analysis, and clinical time series
interpretation. Compared to traditional statistical methods like
ARIMA or standard machine learning algorithms, CNNs often
provide superior feature extraction capabilities and exhibit higher
predictive performance in many cases [10].

Long short-term memory (LSTM): LSTM networks are a
type of recurrent neural network (RNN) designed to model long-
range dependencies in sequential data [11]. Distinct from
traditional RNNs, LSTMs incorporate memory cells and gating
mechanisms — specifically input, forget, and output gates — that
maintain information over extended periods and address the
vanishing gradient problem. This architecture allows LSTMs to
retain relevant patterns from earlier time steps, making them
particularly suitable for tasks such as language modeling, energy
consumption prediction, and financial time series forecasting.

Figure 1: The architecture of the proposed model.
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The proposed hybrid model

The hybrid model developed in this study aims to
enhance classification performance by integrating deep learning
with traditional machine learning methods. Figure 1 presents the
model’s overall architecture. It is structured around a multi-stage
pre-processing pipeline that optimizes the feature space before
model training.

In the initial stage, data normalization is executed using
StandardScaler. This ensures that features on varying scales
equitably contribute to the learning process. Subsequently,
dimensionality reduction is achieved through a feature fusion
strategy that integrates PCA with SelectKBest based on the
ANOVA F-score. PCA identifies new orthogonal components that
maximize variance, while SelectKBest retains statistically
significant original features correlated with the target variable. By
combining these approaches, the model efficiently captures both
global and local patterns, focusing on the most informative
attributes and improving learning efficiency.

After feature selection, the dataset is simultaneously
processed through two distinct classifiers. The first classifier is a
deep neural network, constructed with a multi-layered architecture
and equipped with regularization techniques such as L2
regularization, dropout, batch normalization, and the LeakyRelL U
activation function. This network is designed to capture complex,
non-linear relationships within the data. In parallel, a logistic
regression model is trained, offering a simpler, interpretable
alternative that excels at learning linear decision boundaries and
provides transparency in clinical contexts.

The final and most innovative component of the proposed
system is the meta-learning stage, which utilizes the stacking
ensemble method. In this stage, the output probabilities from both
the deep neural network and logistic regression model are
regarded as a new feature space. These outputs are then input into
a random forest meta-classifier, which generates the final
predictions. This ensemble approach capitalizes on the strengths
of both base learners,
generalization capability.

thereby enhancing the model’s

Results

To evaluate the performance of the proposed model and
baseline algorithms, we conducted a series of experiments in the
Google Colab Pro environment, which features an NVIDIA A100
GPU and 84 GB of RAM. The implementations were executed
using the Python programming language. In this study, model
performance was assessed using two key metrics: accuracy, which
measures overall classification success, and specificity, which
indicates the model’s ability to correctly identify non-cesarean
cases. These metrics were selected for their relevance in
evaluating both general effectiveness and clinical reliability.
Given the small sample size and class imbalance in the dataset, we
employed stratified 5-fold cross-validation to ensure balanced
representation of classes in each fold. The dataset was divided into
five subsets for each iteration; four were used for training and one
for testing. Performance results were averaged across all folds to
derive a robust and generalizable estimate of model effectiveness.

Among deep learning models, the Simple MLP achieved
the highest overall accuracy, reaching 85.71%. The Residual MLP
demonstrated superior specificity at 88.24%, highlighting its
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effectiveness in correctly identifying non-cesarean cases. The
CNN model also performed well, showing balanced results across
accuracy and specificity. In contrast, MLP variants using batch
normalization or dropout exhibited weaker performance,
especially in specificity, suggesting that such regularization
techniques may be less effective in small-sample clinical settings.

Table 1: The performance comparisons of the deep learning models.

Deep Models \ Accuracy | Specificity
Simple MLP | 85.71 35.29
Deep MLP | 75 64.71
MLP with Dropout | 60.71 35.29
MLP with Batch Normalization | 57.14 29.41
MLP with Residual Connections | 78.57 88.24
CNN | 82.14 70.59
LSTM | 67.86 47

Figure 2 offers further insight into model behavior
through confusion matrix analysis. The Simple MLP achieved the
highest accuracy, correctly classifying 24 out of 28 instances. The
CNN and Residual MLP models followed closely, with 23 and 22
correct predictions, respectively. These models exhibited
relatively balanced performance across both classes. In contrast,
models such as the Dropout MLP and LSTM, while successful in
identifying all cesarean cases, produced a high number of false
positives for non-cesarean cases, significantly reducing their
specificity. The Batch Normalized MLP demonstrated the lowest
overall performance, struggling to identify non-cesarean cases and
generating the most misclassifications. These observations
underscore the importance of both architecture and regularization
in achieving balanced performance. Although deep learning
models can achieve high predictive accuracy, their class-wise
reliability varies considerably based on design choices.

Figure 2: Confusion matrices for each model architecture: (a) Simple MLP representing a
basic multilayer perceptron structure; (b) Deep MLP with increased depth; (c) MLP with
Dropout regularization; (d) MLP with Batch Normalization to stabilize learning; (¢) MLP with
Residual Connections to mitigate vanishing gradient issues; (f) Convolutional Neural Network
(CNN) specialized for spatial data; (g) Long Short-Term Memory (LSTM) network tailored
for sequential data.
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The experimental results of the proposed model

In the proposed model, feature selection for the Deep
MLP architecture occurred in two stages: PCA and SelectKBest
based on ANOVA F-values. This pre-processing step aimed to
reduce dimensionality, eliminate irrelevant features, and enhance
the model’s learning efficiency. By retaining the most significant
variables, we expected the model to achieve improved
generalization and predictive performance. The experimental
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results of this model, developed using the optimized feature set,
are presented in the following section.

Figure 3 summarizes the stepwise improvements
observed in the proposed model. In the first stage, feature selection
using PCA and SelectKBest enhanced the Deep MLP’s ability to
distinguish between classes. In the second stage, incorporating
logistic regression as a meta-learner further improved class-wise
balance and overall prediction consistency. This approach resulted
in the best-performing hybrid configuration.

Figure 3: Confusion matrices of the proposed hybrid models: (a) Deep MLP with PCA and
SelectkKBest (ANOVA F-value) feature selection; (b) Hybrid model integrating Logistic
Regression into the selected feature structure.
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Table 2 presents a comparison between the Deep MLP
model after feature selection and the final hybrid model that
integrates logistic regression. Feature selection led to substantial
performance enhancements, and the hybrid design further
improved both accuracy and specificity. The proposed model
achieved the best overall results, particularly in accurately
identifying non-cesarean cases. These findings suggest that
integrating deep learning with a classical learner in a feature-
optimized architecture can greatly enhance predictive
performance and class-level reliability in limited clinical datasets.

Table 2: Performance comparison of the Deep MLP model with feature selection and the
proposed hybrid model integrating logistic regression.

Deep Model | Accuracy | Specificity
(PCA - SelectKBest) + MLP | 92.86 88.24
(( PCA - SelectKBest) + MLP + Logistic Regression) \ 96 94.12

Discussion

This study’s primary contribution is the development of
a novel hybrid model that combines deep learning and traditional
machine learning approaches to address the clinically significant
and sensitive task of categorizing cesarean deliveries. Previous
studies [3-5,12,13] have employed various algorithms
individually, achieving accuracy rates between 63% and 89%. In
contrast, our proposed model achieves an accuracy of 96.43%,
surpassing all existing approaches. By incorporating
dimensionality reduction and feature selection techniques, such as
PCA and SelectKBest, the model focuses on the most informative
inputs, thereby accelerating the training process and reducing the
risk of overfitting. While the Deep MLP model is highly capable
of learning complex relationships, the logistic regression model
enhances interpretability and simplicity in the decision-making
process. The stacking architecture, which integrates the outputs of
both models using a random forest classifier, effectively harnesses
the strengths of each component to enhance overall performance.

Figure 4 compares the accuracy metrics of the proposed
hybrid model with various machine learning models (DT, LG, RF,
SVM, KNN) and deep learning models (Simple MLP, CNN,
LSTM, Residual MLP, etc.). The graph shows that traditional
models such as SVM, KNN, and Decision Tree achieved accuracy
rates below 50%. Among the deep learning models, only theA
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Figure 4: Comparison of accuracy rates achieved by the proposed hybrid model and other traditional machine learning (DT, LG, RF, SVM, KNN) and deep learning models (Simple MLP,

CNN, LSTM, Residual MLP).
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Simple MLP and CNN surpassed 80%. Notably, the proposed
hybrid model outperformed all others with an accuracy of 96%.
These findings suggest that the proposed model is highly reliable
and suitable for integration into clinical decision support systems,
especially in critical tasks such as cesarean classification.

Despite the promising performance of the proposed
hybrid model, it is crucial to note that the dataset used in this study
consisted of only 26 instances. This limited sample size inherently
restricts the model’s ability to generalize and heightens the risk of
overfitting, particularly with the use of complex architectures like
deep neural networks. Employing deep learning techniques on
such a small dataset may be methodologically questionable due to
their tendency to memorize rather than generalize in data-scarce
environments. Although various regularization and ensemble
techniques were implemented to address these concerns, the
results should be viewed as preliminary proof-of-concept. This
study aimed to explore whether a hybrid structure, combining
interpretability with complexity, could still provide meaningful
predictive insights under the real-world limitations often
encountered in clinical practice. Further research with larger and
more diverse datasets is necessary to confirm the robustness and
applicability of the proposed approach.

Study limitations

The primary limitation of this study is the small dataset
size (n=26), which diminishes statistical power and limits the
generalizability of the findings. Despite using regularization
techniques and feature optimization to construct the hybrid model
and reduce overfitting, the small sample size presents a significant
obstacle to effective model validation. Additionally, applying
feature selection methods such as PCA and SelectKBest to such a
constrained dataset can produce unstable results, as the identified
patterns may not accurately reflect broader population dynamics.
Furthermore, although stacking ensemble learning was employed
to improve predictive performance, training both the base and
meta-learners on the same limited dataset increases the risk of
overfitting to sample-specific noise.

Despite implementing various control measures,
including dimensionality reduction and regularization strategies,
the outcomes should be considered preliminary. This study is best
regarded as a feasibility analysis rather than a definitive modeling
framework. Future research should aim to validate the approach
using larger, multicenter datasets to ensure broader clinical
applicability and reliability.
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Conclusion

In this study, widely used machine learning and deep
learning approaches for predicting the likelihood of cesarean
delivery were systematically evaluated. A stacking-based hybrid
model was proposed, combining the most effective aspects of
these approaches. By applying PCA and SelectKBest, meaningful
features were extracted, which both accelerated the learning
process and enabled the model to capture complex relationships.
The model’s multi-stage structure not only aligns with the nature
of medical diagnostic problems but also outperforms previous
studies in the literature, achieving an accuracy rate of 96.43%.

In conclusion, the proposed hybrid model shows
significant potential as a clinical decision support tool. It may be
adapted for real-time applications by testing on broader and more
diverse datasets. Future studies should focus on integrating
explainable Al (XAIl) technigques to improve the clinical
interpretability of model outputs and facilitate their integration
with expert systems.
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Introduction

Colorectal cancer (CRC) is the third most commonly
diagnosed cancer in the world and one of the leading causes of
cancer-related deaths for both males and females [1]. Nearly
60% of patients with CRC develop metastases, which is a major
cause of mortality [2]. The identification of cancer-related genes
to define critical events in the development and progression of
CRC is therefore extremely valuable.

Recent advances in bioinformatics analyses open up
exciting new opportunities for understanding cancer genetics.
Via the use of high-throughput sequencing and other
technologies, scientists are now able to analyze vast amounts of
genetic data, uncovering patterns, biological processes, signaling
pathways, molecular functions, and relationships that were
previously unknown [3,4]. In our previous study, expression
profiling was downloaded from Gene Expression Omnibus
(GEO) databases to determine potential biomarkers that may
play an important role in CRC. Significant genes were
determined via computational and bioinformatics analysis, and
hub genes were verified using The Cancer Genome Atlas
(TCGA) [4]. In the present study, we examined the expression
and protein levels of cell division cycle 42 (CDC42) and
enhancer of zeste homolog 2 (EZH2), which are among the hub
genes determined to play a role in CRC.

CDC42, a member of the Rho GTPases family, is
involved in the regulation of critical cellular functions. Some of
those functions are cell cycle control and metastasis,
rearrangement of the actin cytoskeleton, intracellular trafficking,
cell fate determination, cell cycle control, cell polarity, and gene
transcription [5,6]. Recently, accumulating evidence has
suggested that CDC42 is highly expressed in approximately 60%
of incidences in human CRCs and plays important roles in cancer
development and progression [7,8]. This situation suggests a
potential role of this gene in tumor development.

EZH2 is a core component of the polycomb repressor
complex 2 and mediates gene silencing. EZH2 has been found to
be over-expressed in many malignancies [9-12]. EZH2
downregulation can reduce growth of invasive breast carcinoma
[13], tumor angiogenesis [14], and in vitro cell
migration/invasion of CRC cell lines [15]. Various studies have
elucidated the complex role of EZH2 in biological processes and
cancer-related events.

In our study, we used RT-gPCR and enzyme-linked
immunosorbent assay (ELISA) to examine the possible role of
CDC42 and EZH2 gene and protein expressions in SW480 and
SW620 according to the CRL-1790 cell lines. We detected that
CDC42 and EZH2 were strongly upregulated in cancer cell lines
relative to the control. In addition, we investigated CDC42 and
EZH2 expressions in blood samples of 20 CRC patients and 20
controls, finding that they were also upregulated in circulation.
These findings suggest that dysregulation of CDC42 and EZH2
expression stimulates the oncogenic potential of CRC and that
they can be developed as potential diagnostic biomarkers. Based
on these results, we conclude that CDC42 in blood may serve as
a viable and available biomarker for CRC diagnosis and
prognosis.

Materials and methods

Cell culture

CRC cell lines SW620 (metastatic), SW480 (pre-
metastatic tumor), and CRL-1790 (hormal colon) were purchased
from the American Type Culture Collection for in vitro analysis.
They were cultured in RPMI-1640 medium supplemented with
10% fetal bovine serum, 100 IU/mL penicillin, and 100pug/mL
streptomycin at 37°C in a 5% humidified CO, atmosphere. RT-
gPCR and ELISA were used to determine the expression and
protein level, respectively.

Clinical samples

Human CRC blood samples (n=20) and age- and sex-
matched healthy controls (n=20) were collected from SANKO
University,  Faculty of  Medicine,  Department  of
Gastroenterology. G-power 3.1.9.4 was utilized for sample size
calculation and power analysis. Based on the difference in means
between the two groups, with a significance level (o) of 0.05 and
a test power (1-p) of 0.8, it was determined that the power of the
test was 80% and the minimum required sample size was 7 in
each group, which indicated that the number of individuals in the
present study was largely sufficient to detect differential
expression of genes. The patient group consisted of individuals
who did not receive antitumor therapy and who had undergone
colonoscopy and histopathological confirmation, while controls
were those who presented to primary care outpatient clinics
without gastrointestinal symptoms. This study was reviewed and
approved by the Ethics Committee of SANKO University
(2019/15-01). The patients and controls provided their written
informed consent to participate in this study. The research was
conducted according to the ethical standards of our institution
and the 1964 Helsinki Declaration and its later amendments.

Real-time PCR assays

Total RNA was isolated from cells and blood samples
using the Quick-RNA Miniprep Plus Kit (Zymo Research). RNA
isolates concentration was checked, and 5-10 ng/uL of RNA was
utilized for cDNA synthesis using specific primers. For
expression analysis of CDC42 and EZH2 markers by RT-gPCR,
5 ug of the RNA samples was reverse transcribed to utilize
reverse transcriptase OneScript® Plus cDNA Synthesis kit
(ABM), and SYBR green-based RT-gPCR was conducted with
specific primers. Relative expressions of genes were normalized
to GAPDH references, and fold changes between groups were
calculated using the 2724t method and represented as log2 fold
change [16].

ELISA

Expression of CDC42 and EZH2 marker proteins in
serum obtained from CRC patients was determined by ELISA
kits (Cloud-Clone). Protein concentrations in serum samples
were also measured with ELISA kits.

Statistical analysis

Statistical analysis was done using RStudio. All data are
presented as the means and standard deviations of three
independent experiments. The t-test was used in paired group
comparisons for normally distributed samples, one-way ANOVA
was used in three-group comparisons, and the Mann-Whitney U
test was utilized for non-normally distributed samples.
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Figure 1: Flow diagram of study and patients
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Results

The study and patient flow diagram is shown in Figure
1. CDC42 and EZH2 expression was significantly increased in
the SW480 and SW620 cell lines when compared with normal
CRL-1790 cells. CDC42 was expressed significantly higher in
the SW620 (P=0.0011) and SW480 (P<0.0001) cell cultures
(Figure 2A). EZH2 was also expressed significantly higher in the
SW620 (P=0.0079) and SW480 (P=0.0073) cell cultures (Figure
2B). In addition, the CDC42 and EZH2 expression levels in the
blood samples of 20 CRC patients and 20 healthy controls were
also examined by RT-qPCR. The levels of CDC42 and EZH2
were significantly upregulated in patients with CRC compared
with healthy control subjects. It was determined that CDC42
MRNA expression significantly increased in the CRC blood
samples (P=0.0355) (Figure 3A), as did EZH2 mRNA
expression (P=0.0422) (Figure 3B). Similar results were
obtained in terms of the protein expression levels of CDC42 and
EZH2. ELISA indicated that, compared with the healthy control,
the serum CDC42 (P=0.005) and EZH2 (P=0.0004) were
significantly increased in the CRC blood samples (Figure 4A—
4B). These data revealed that CDC42 and EZH2 are significantly
overexpressed in CRC.

Figure 2: (A) Relative CDC42 expression in CRC cell lines to CRL-1790 (three replicates
per group), (B) Relative EZH2 expression in CRC cell lines to CRL-1790 (three replicates
per group) by RT-gPCR (*P<0.05, ** P<0.01, ****P<0.0001).
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Inclusion Criteria
CRC: do not receive antitumor therapy,
with histopathological confirmation
Healthy controls: without gastrointestinal symptoms

Figure 3: (A) Relative CDC42 expression in blood samples by RT-qPCR, (B) Relative
EZH2 expression in blood samples by RT-gPCR (*P<0.05).
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Figure 4: (A) Relative protein concentration of CDC42 in blood samples by ELISA, (B)
Relative protein concentration of EZH2 in blood samples by ELISA (**P<0.01,
***p<0.001).
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Discussion

CRC is the third most common cancer worldwide,
representing the second most common cancer in women and the
third most common cancer in men. There were nearly 2 million
new cases of CRC in 2020 [17]. With the improvement of high-
throughput sequencing and screening technologies, CRC
treatment through gene-targeted therapy, which requires cancer-
associated biomarker identification, has become a novel potential
approach. In this study, the gene and protein expression levels of
the CDC42 and EZH2 genes, which we previously determined to
play a role in CRC using bioinformatics methods [4], were
determined in CRC cell lines and blood samples.

CDC42 is a small GTPase involved in multiple cellular
processes such as cell cycle control, gene expression, cell
migration, invasion, and metastasis whose aberrant expression
and activity have been shown previously in different cancer
types [18,19]. Since EZH2 regulates cell cycle progression,
dysregulation in EZH2 accelerates cell proliferation and prolongs
cell survival. This situation can indirectly lead to carcinogenesis
and cancer development. EZH2 overexpression has been
identified in many cancer types [20,21]. Therapies targeting
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EZH2, which is associated with multiple diseases and plays a
role in several biological processes, are an important strategy in
the treatment of various types of cancer and diseases.

In this study, we used two CRC cell lines and one
control cell which were isolated from normal human colon tissue
to investigate the expression of CDC42 and EZH2 in CRC. We
found that the CDC42 and EZH2 expression levels were
significantly increased in the SW480 and SW620 cell lines when
compared with normal CRL-1790 cells. These results are
consistent with the literature [22-24]. Interestingly, when
compared to the normal cell line for both genes, much higher
expression was observed in the pre-metastatic tumor cell line
than in the metastatic one. The literature describes a similar
situation in studies conducted with these two cell lines, where it
was determined that the expression of miR-26a, miR-26b, p27,
and ZNF561-AS1 in pre-metastatic cells was higher than in
metastatic cells [25-27]. However, there has been no discussion
about this trend. These findings suggest that these genes serve as
a promoter in pre-metastatic cells and that when the cell becomes
metastatic, it may transfer its function to another gene with a
decrease in its expression. This also raises the possibility of CRC
being diagnosed with these genes while it is still in the pre-
metastatic stage. This interesting phenomenon will be evaluated
in more detail in future studies.

The present study also examined CDC42 and EZH2
expression levels in blood samples of CRC patients and healthy
controls. CDC42 and EZH2 were significantly overexpressed in
CRC patients compared with healthy controls. Similar results
were obtained in terms of the protein expression levels of
CDC42 and EZH2. These data suggest that CDC42 and EZH2
act as predictive markers in CRC. In the literature, validation
studies of the mentioned genes have been mostly carried out on
frozen tissues or fresh tissues. The results obtained in previous
studies conducted with CRC patients’ tissues are compatible with
the results of our study, and the expression levels of both genes
have been found to be high [7,28,29]. Our literature review only
identified one validation study of the CDC42 gene in blood
samples [30]. The results of that study are also compatible with
our results. However, no study was found investigating the
EZH2 gene in the circulation of CRC patients. Considering that
the present study found high expression levels of CDC42 and
EZH2 in the serum of patients suffering from CRC, these two
genes may be developed as minimal invasive diagnostic markers
for CRC detection. To fully understand the role of CDC42 and
EZH2 in CRC, a longitudinal study design with a large sample
set is needed, as well as studies in mouse and cell line models.
This will be a challenging but promising task.

Limitations

The main limitation of our study is that it included a
single ethnicity and a small number of participants. Our findings
thus need to be supported by larger studies. Despite these
limitations, this study is still an important preliminary step and
provides the basis for future research.

Conclusion

In conclusion, CDC42 and EZH2 were found to be
upregulated in CRC. Our findings also suggest that these genes
may play a diagnostic role as novel biomarkers in CRC.
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Abstract

Gorham syndrome is an extremely rare bone disease, with only a limited number of cases reported
worldwide. It is characterized by progressive bone resorption associated with abnormal proliferation of
lymphatic vessels, making it a rare case in medical literature. This disorder can lead to serious complications
including chylothorax, especially in children. Early diagnosis and treatment are crucial in the prevention of
life-threatening outcomes. This report presents a case of a young child with recurrent pleural effusion and
bone lesions, eventually diagnosed with Gorham's disease. A three-year-old patient was admitted with
recurrent pleural effusion, chylothorax, and pneumothorax. Imaging revealed multiple lytic bone lesions,
suggestive of bone destruction. A lung biopsy confirmed lymphatic dilation, supporting a diagnosis of
Gorham's disease. The patient’s condition was evaluated through a multidisciplinary approach involving
pulmonology, pathology, and radiology teams. Treatment included a combination of pharmacotherapy and
dietary modifications, which successfully stabilized the patient’s condition. The child has since been closely
monitored, with no significant recurrence of symptoms. The progression of the disease can be life-
threatening, particularly when the thoracic duct is involved, leading to recurrent pleural effusions. In this
particular case, early diagnosis through a collaborative medical approach allowed for prompt treatment.
Ongoing monitoring is essential in preventing relapses and ensuring long-term health outcomes for the
patient.

Keywords: Gorham-Stout disease, chylothorax, pleural effusion, sirolimus

Introduction

Gorham-Stout disease (GSD) is an extremely rare bone disease, with only a limited
number of cases reported worldwide. The incidence in children in the UK was 0.0014% (1.4 per
100,000) [1]. The majority of cases are observed in children and young adults without a familial
inheritance pattern. The disease is characterized by progressive bone resorption associated with
abnormal proliferation of lymphatic vessels. Clinical manifestations vary depending on the
location of the affected area and the extent of bone destruction. Involvement of bones forming
the chest cage, such as thoracic vertebrae and ribs, lead to prominence of respiratory symptoms
[2,3]. We aimed to present a case of a three-year-old patient presenting with chylothorax in the
context of the literature.
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Case presentation

A three-year-old Caucasian boy presented with a two-
week history of fever and cough. He was born at term, weighing
2790 g, via cesarean section. No history of neonatal intensive care
unit admission was reported. Vaccinations were up to date for his
age. There was no consanguinity between the parents. There was
no family history of chronic lung disease, asthma, or tuberculosis.

Past medical history: One year ago, the child presented
to a hospital with sudden onset fever, tachypnea, and dyspnea.
Bilateral pneumothorax was detected and managed with chest tube
insertion, but lung expansion could not be achieved due to massive
air leak and 70% saturation. Upon worsening of his clinical
condition, a bullous area was excised from the right apex of the
lung. Four months ago, he had a fracture of the right femur without
a history of trauma. Two weeks ago, a chest tube was inserted due
to bilateral pleural effusion detected on a chest X-ray. He was
observed with a chest tube for five days, and then referred to our
center due to recurrent pleural effusion after tube removal.

Physical examination: Dyspnea, tachypnea, and
retractions were observed. His vital signs were saturation: 99%;
respiratory rate: 98/min; blood pressure: 96/67 mmHg. Height: 92
cm (-1.52 SDS); body weight: 12 kg (-2.15 SDS). On auscultation,
breath sounds decreased on the right side, and crepitant rales were
present on the left side. There was no wheezing or rhonchi, nor
was there any clubbing or chest deformity. There was a BCG scar.
Hepatosplenomegaly was absent. Other system examinations
were unremarkable. Laboratory examination revealed: Hb:10.9
g/dl, WBC:5300/mm3, plt:411000/mm?, lymphocytes:1900/mm?,
CRP was negative. The chest X-ray showed a cavitary area in the
right apex, basal pleural effusion in the right lower lobe, and
increased nonhomogeneous infiltration in the bilateral lower lobes
(Figure 1). Pleural fluid appeared dirty yellow-white. Triglyceride
level was 232 mg/dL; and cholesterol was 67.2 mg/dL, suggestive
of chylothorax. Direct radiography showed intramedullary
hypodense millimetric lytic lesions at the 4-5th anterior ribs. MRI
showed osteolytic signal increase areas in T8-T11-12 vertebral
bodies without contrast enhancement (Figure 2) Iytic lesions in the
left occipital bone (Figure 3). Bone mineral density was -1.87
SDS. Thoracic CT angiography was normal. Whole-body bone
scintigraphy revealed abnormally increased metabolism in
cervical 6 and thoracic 11-12 vertebral bodies and adjacent ribs.
Cystic lesions were seen in the spleen on an ultrasound (Figure 4).
Lower extremity radiography revealed callus tissue from the
previous fracture in the midshaft of the right femur. Lung tissue
excised during bullectomy was reevaluated histopathologically
and subpleural lymphatic dilation and cystic lymphatic vessels
were observed (Figures 5,6,7).

Based on the multidisciplinary evaluation of the current
clinical, radiological, and pathological findings, a diagnosis of
GSD was made. For the treatment, oral feeding was maintained,
but the diet was modified to include medium-chain triglyceride
(MCT)-based foods. The patient received pulse steroid therapy for
three days followed by oral prednisolone for 45 days. Due to a
lack of response to corticosteroid therapy, alpha interferon 2-beta
was initiated, starting at 1.5 million U/m?2 three times a week for
two weeks, then increased to 3 million U/m2. Propranolol was
administered at a dose of 4 mg/day for four months. As pleural

effusion persisted, both interferon 2-beta and propranolol were
stopped and sirolimus treatment was introduced at a dose of
0.8mg/m?/day twice daily in liquid form for six months. The
patient was monitored with sirolimus blood level and no side
effects were observed. After six months of sirolimus therapy, the
patient's symptoms fully resolved. During the five-year follow-up
period, no new bone fractures or pleural effusion occurred, and the
patient has continued on the MCT diet.

Figure 1: X-ray: Intramedullary hypodense millimetric lytic lesions in the anterior vertebral
bodies of 4-5 (white arrows), fusion defect in the vertebral bodies of 5-6, linear band-like
pleuroparenchymal in the lower lobe of the right lung, basal pleural effusion with a diameter
of 7 mm

Figure 2: MR: Signal increases without contrast uptake are present in the vertebral bodies of
T8-T11-12 (white stars).
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Figure 3: Lytic lesions at the occipital bone (black stars). Figure 1d: US: Cystic lesions in the
spleen (thick black arrows).

Figure 5: Subpleural lymphatic dilatations (thick blue arrow). Stained with hematoxylin and
eosin, and magnified 40 times.

S

Figure 6: Subpleural cystic lymphatic dilatations (blue arrow), bull formation (blue star),
emphysematous areas (green star). Stained with hematoxylin and eosin, and magnified 40
times.

Discussion

Gorham-Stout disease can progress aggressively or
proceed with spontaneous remission, characterized by vascular
and lymphatic channel proliferation and bone osteolysis. The
disease may not be detected until it presents with clinical
symptoms, such as pathological bone fracture, pericardial
effusion, or chylothorax [2,3].

The etiology of chylothorax includes various factors,
such as lymphatic malformations, injury to the thoracic duct, and
lymphadenopathy, as well as mass effect, surgery, and trauma. In
the presence of benign chylous effusion and lytic bone lesions
with an unidentified etiology, GSD, a subgroup of complicated
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lymphatic anomalies, should be considered in the differential
diagnosis [4]. The incidence of chylothorax in patients with GSD
has been reported to be 22-44% in previous years. However, in a
2022 study evaluating the etiology of chylothorax in childhood,
GSD accounted for 30% of the causes of chylothorax. In the same
study, bone involvement was detected, especially vertebrae, in all
seven cases with GSD [5]. Extraosseous involvement in GSD is
also known as splenic involvement [6]. Our specific case
demonstrated cystic lesions indicative of splenic involvement of
the disease.

The symptoms of our patient began at the age of two,
which is quite an early onset, since GSD is often seen in older
children and adolescents [3,5]. The absence of any symptoms
during the prenatal and postnatal periods rules out reasons such as
hydrops fetalis or injury to the thoracic duct at birth. There was no
history of surgery or injury in the period leading up to the
development of pleural effusion in our patient. Although
chylothorax can occur secondary to high central venous pressure,
various tumoral causes, and infections and sarcoidosis causing
pressure, these were excluded in our case.

The diagnosis of Gorham-Stout disease in this patient
took six months due to its rarity and the absence of standard
treatment guidelines. The multidisciplinary approach, involving
pulmonology, pathology, oncology, and radiology teams, was
crucial in reaching the correct diagnosis and selecting an
appropriate treatment strategy amidst the challenges posed by this
complex condition.

The prognosis of GSD varies depending on the extent of
involvement. While spontaneous remission is possible, the disease
can also progress aggressively and lead to life-threatening
complications. Treatments like sirolimus offer hope, but careful
monitoring is necessary due to potential side effects and the risk
of recurrence. With early diagnosis and treatment, long-term
survival is achievable, though complications such as pleural
effusion may recur even years later. Although there is no standard
care protocol for chylothorax treatment, the most recommended
approach is to start with dietary changes (TPN, MCT), followed
by octreotide and finally surgical intervention [3,5,7]. Surgery is
recommended when there is a significant deterioration in
nutritional status despite conservative treatment or when daily
chylous fluid drainage exceeds 10 ml/kg.

However, because conservative treatments may take time
to be effective, alternative treatments have been proposed. Such
alternatives include propranolol, a B2 adrenergic receptor blocker
that reduces proangiogenic factor expression, and alpha-
interferon, which inhibits lymphatic vessel proliferation [3].
Sirolimus, an mTOR inhibitor, has shown efficacy in treating
lymphatic malformations, including Gorham-Stout disease.
However, its use is associated with several potential side effects.
Common adverse effects observed in children include stomatitis,
gastrointestinal issues, hyperlipidemia, and infections due to its
immunosuppressive properties. In rare cases, sirolimus can cause
thrombocytopenia and impair wound healing. Despite these risks,
the benefits of sirolimus in managing lymphatic malformations
often outweigh the side effects when monitored closely in a
controlled setting [8].

Conclusion

Gorham-Stout disease should be considered in chylothorax with
accompanying bone lesions in patients of all ages. Treatment
strategies for GSD are generally experimental due to the lack of
randomized controlled trials and standardized guidelines.
Treatment is aimed at alleviating symptoms, preventing disease
progression, and preserving skeletal integrity. Surgical
interventions and angiogenesis inhibitors such as sirolimus may
be tried in selected patients.
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