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ABSTRACT: Multiple Sclerosis (MS) is a disease that disrupts the �ow of information within the brain. It a�ectsQ2

approximately 1 million people in the US. And remains incurable. MS treatments can cause side e�ects and impact the

quality of life and even survival rates. Based on existing research studies, we investigate the risks and bene�ts of three

treatment options based on methylprednisolone (a corticosteroid hormone medication) prescribed in (1) high-dose,

(2) low-dose, or (3) no treatment. �e study currently prescribes one treatment to all patients as it has been proven to

be the most e�ective on average. We aim to develop a personalized approach by building machine learning models and

testing their sensitivity against changes in the data. We �rst developed an unsupervised predictive-prescriptive model

based on k-means clustering in addition to three predictive models. We then assessed the models’ performance with

patient data perturbations and �nally developed a robust model by re-training on a set that includes perturbations.

�ese increased themodels’ robustness in highly perturbed scenarios (+10% accuracy) while having no cost in scenarios

without perturbations. We conclude by discussing the trade-o� between robusti�cation and its interpretability cost.

KEYWORDS:Multiple sclerosis; MS; optimal classi�cation trees (OCT); machine learning

1 Introduction

�e exact causes of MS are still unknown in the medical community, and treatment methods are active

research. As there is no known cure [1] and the disease a�ects patients di�erently, prescribing e�ective

treatments is of paramount importance. �e variation of symptoms and treatment response represents

a strong motivation for a personalized treatment approach. �us, it is important to identify the disease

through risk modeling approaches the patient characteristics can in�uence treatment, enabling the choice

given patient e�ects. Prediction models help in identifying and estimating the impact of patient, inspection,

and setting characteristics on future health outcomes [2]. �e main risk of patients is o�en the basis of

heterogeneous treatment e�ects [3].

Multiple sclerosis (MS) is a disease of the central nervous system [4] with several subtypes. �e most

common subtype is relapsing-remitting Multiple Sclerosis (RRMS) [5]. Patients with RRMS present with

intense symptoms (relapses) followed by periods without symptoms (remission) [6]. Several treatments

are available [7] with direct patient responses, with each treatment having a very di�erent safety pro�le.it

is also important to monitor progression of the disease [8]. Patient and particular setting characteristics

can be included in network meta-regression models [9,10] to make predictions for di�erent treatments

and subgroups of patients [2]. �is approach presents computational and practical di�culties when many

predictors are to be included in the model.
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ABSTRACT: Background: Congenital heart disease (CHD) occurs in 9 out of 100 births and is the leading
cause of birth defects, with acyanotic CHD being more common. The incidence of adult CHD is rising
faster than pediatric CHD. Pulmonary hypertension is the most common complication in untreated CHD
patients. Methods: This study is retrospective descriptive research based on medical record data and
the results of right heart catheterization examinations in adult acyanotic CHD aged ≥18 years and free
from other organ disorders. Results: A total of 103 patients met the inclusion criteria, the majority were
young adults and predominantly female. The median height of 155.0 cm (IQR: 150.0–160.0), the mean
weight was 49.6 kg ± 10.7 kg, and BSA of 1.4 m2 ± 0.1 m2. Most patients had a normal BMI status and
were classified as WHO-FC II. Hemodynamic findings included a median PARI of 13.5 WU/m2 (IQR:
4.5–29.6), RAP 7.0 mmHg (IQR: 5.0–11.0), mPAP 56.0 mmHg ± 23.5 mmHg, LVEDP 9.5 mmHg ± 3.9 mmHg,
PVR 12.6 WU ± 11.0 WU, PVR/SVR 0.5 WU ± 0.4 WU, pulmonary artery saturation 74.0% ± 12.1%, aortic
saturation 88.1% ± 7.8%, mixed venous saturation 59.0% ± 10.1%. Conclusions: This study provides
comprehensive data on the demographic characteristics and hemodynamic parameters of patients with
CHD and pulmonary hypertension. As a hospital-based registry, this study offers valuable insights into the
clinical profile of adult CHD patients at Dr. Hasan Sadikin General Hospital, Bandung.

KEYWORDS: Adult congenital heart disease; acyanotic; pulmonary hypertension; hemodynamic

1 Introduction

Congenital Heart Disease (CHD) is the most common congenital abnormality affecting the
heart, heart valves, and blood vessels [1]. It occurs in approximately 9 out of every 1.000 live
births and remains the leading cause of all congenital defects [2]. Based on its impact on blood
oxygen levels, CHD is classified into two major categories: acyanotic and cyanotic [3]. The severity
of CHD varies, ranging from life-threatening abnormalities that hinder intrauterine survival to
minor asymptomatic lesions that may result in delayed diagnosis or some cases remain undetected
throughout life [4].

In 2019, an estimated 13.3 million people worldwide were living with CHD [1]. In 2017, global
deaths attributed to CHD were estimated at 261.247 [5]. In Indonesia, the incidence of CHD is

U
nc
or
re
ct
ed
Pr
oo
f

echT PressScience

Doi:10.32604/jimh.2022.062824

ARTICLE

Multiple Sclerosis Predictions and Sensitivity Analysis Using Robust Models

Alex kibet* and Gilbert Langat

School of Science and Applied Technology, Laikipia University, Nyahururu, 1100-20300, KenyaQ1

*Corresponding Author: Alex kibet. Email: akibet@laikipia.ac.ke

Received: 28 December 2024; Accepted: 18 March 2025

ABSTRACT: Multiple Sclerosis (MS) is a disease that disrupts the �ow of information within the brain. It a�ectsQ2

approximately 1 million people in the US. And remains incurable. MS treatments can cause side e�ects and impact the

quality of life and even survival rates. Based on existing research studies, we investigate the risks and bene�ts of three

treatment options based on methylprednisolone (a corticosteroid hormone medication) prescribed in (1) high-dose,

(2) low-dose, or (3) no treatment. �e study currently prescribes one treatment to all patients as it has been proven to

be the most e�ective on average. We aim to develop a personalized approach by building machine learning models and

testing their sensitivity against changes in the data. We �rst developed an unsupervised predictive-prescriptive model

based on k-means clustering in addition to three predictive models. We then assessed the models’ performance with

patient data perturbations and �nally developed a robust model by re-training on a set that includes perturbations.

�ese increased themodels’ robustness in highly perturbed scenarios (+10% accuracy) while having no cost in scenarios

without perturbations. We conclude by discussing the trade-o� between robusti�cation and its interpretability cost.

KEYWORDS:Multiple sclerosis; MS; optimal classi�cation trees (OCT); machine learning

1 Introduction

�e exact causes of MS are still unknown in the medical community, and treatment methods are active

research. As there is no known cure [1] and the disease a�ects patients di�erently, prescribing e�ective

treatments is of paramount importance. �e variation of symptoms and treatment response represents

a strong motivation for a personalized treatment approach. �us, it is important to identify the disease

through risk modeling approaches the patient characteristics can in�uence treatment, enabling the choice

given patient e�ects. Prediction models help in identifying and estimating the impact of patient, inspection,

and setting characteristics on future health outcomes [2]. �e main risk of patients is o�en the basis of

heterogeneous treatment e�ects [3].

Multiple sclerosis (MS) is a disease of the central nervous system [4] with several subtypes. �e most

common subtype is relapsing-remitting Multiple Sclerosis (RRMS) [5]. Patients with RRMS present with

intense symptoms (relapses) followed by periods without symptoms (remission) [6]. Several treatments

are available [7] with direct patient responses, with each treatment having a very di�erent safety pro�le.it

is also important to monitor progression of the disease [8]. Patient and particular setting characteristics

can be included in network meta-regression models [9,10] to make predictions for di�erent treatments

and subgroups of patients [2]. �is approach presents computational and practical di�culties when many

predictors are to be included in the model.

Copyright © 2025�e Authors. Published by Tech Science Press.
�is work is licensed under a Creative Commons Attribution 4.0 International License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © 2025 The Authors. Published by Tech Science Press.
This work is licensed under a Creative Commons Attribution 4.0 International License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

https://www.techscience.com/journal/chd
http://www.techscience.com
http://dx.doi.org/10.32604/chd.2025.064164
https://www.techscience.com/doi/10.32604/chd.2025.064164
http://creativecommons.org/


134 Congenit Heart Dis. 2025;20(2)

approximately 43.200 cases per 4.8 million live births annually (9 per 1.000 live births) [6]. The
global prevalence of adult CHD includes approximately 1.2 million cases in Europe and around 2
million cases in the United States [7]. Research indicates that acyanotic CHD is more common in
adults than cyanotic CHD, with atrial septal defect (ASD) being the most prevalent at 60% followed
by a ventricular septal defect (VSD) at 23% and patent ductus arteriosus (PDA) at 4%. Among
cyanotic CHD cases in adults, tetralogy of Fallot (TOF) is the most prevalent, accounting for 8% [8].

Although CHD is present from birth, mild abnormalities may remain undetected for weeks,
months, or even years and might only be diagnosed in adulthood [6]. The number of adult CHD
cases is increasing at a faster rate compared to pediatric cases. This trend is largely because 90%
of CHD conditions in children persist into adulthood, while the remaining 10% go undiagnosed
during childhood [6]. If left untreated, CHD can lead to both cardiac and systemic complications [9].

One of the most severe complications of CHD is pulmonary hypertension, which occurs in
approximately 10% of CHD patients [9]. Previous research has shown that among 1.012 patients,
411 (66.9%) adult CHD patients were confirmed to have pulmonary hypertension based on right
heart catheterization. The diagnosis of CHD involves a combination of history taking, physical
examination, chest X-ray evaluation, echocardiography, and right heart catheterization to assess
hemodynamic status [9].

Given this background, research on the hemodynamic profile of adult patients with acyanotic
CHD and pulmonary hypertension using right heart catheterization is crucial for evaluating the
severity of hemodynamic disturbance. Therefore, this study aims to describe the hemodynamic profile
of adult acyanotic CHD patients with pulmonary hypertension through right heart catheterization.

2 Methods

This study was a retrospective descriptive analysis based on medical records and right heart
catheterization results of adult patients with acyanotic CHD and pulmonary hypertension at Dr.
Hasan Sadikin General Hospital, Bandung, Indonesia from 2019 to 2023. The inclusion criteria
comprised adult patients with acyanotic CHD who had undergone right heart catheterization
and were diagnosed with pulmonary hypertension, defined as a mean pulmonary artery pressure
(mPAP) >20 mmHg. Eligible participants were aged ≥18 years and had complete medical records.
Using a total sampling method, 107 patients met the inclusion criteria.

The medical record data collected in this study included patient characteristics and
hemodynamic parameters. Patient characteristics encompassed age, gender, height, weight,
body surface area (BSA), and WHO-Functional Class (WHO-FC). Age was categorized according
to Erikson’s psychosocial development stage into young adulthood, middle-aged adulthood,
and older adulthood. Gender was classified as male or female. Body mass index (BMI) was
categorized based on the Asia Pacific classification: underweight (<18.5 kg/m2), normal weight
(18.5 kg/m2–22.9 kg/m2), overweight (23 kg/m2–24.9 kg/m2), and obesity (≥25 kg/m2). The
WHO-FC was categorized into four classes: WHO-FC I, WHO-FC II, WHO-FC III, WHO-FC IV.
Meanwhile, hemodynamic parameters obtained from right heart catheterization included the
pulmonary artery resistance index (PARI), right atrial pressure (RAP), mPAP, left ventricular
end-diastolic pressure (LVEDP), pulmonary vascular resistance (PVR), pulmonary vascular
resistance/systemic vascular resistance ratio (PVR/SVR), pulmonary artery saturation, aortic
saturation, and mixed venous saturation.
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3 Results

According to the findings of this study, 103 adult patients with acyanotic CHD and pulmonary
hypertension were identified at Dr. Hasan Sadikin General Hospital, Bandung, Indonesia. Between
2019 and 2023, with complete medical records and characteristics available for evaluation. Diagnosis
of CHD was established using echocardiography, while pulmonary hypertension was confirmed
through right heart catheterization [10,11]. In this assessment, a defining characteristic of CHD
patients with pulmonary hypertension was an mPAP value exceeding 20 mmHg. Among the cases,
ASD was the common condition, observed in 74 out of 103 patients (71.8%), followed by VSD in
17 patients (16.5%) and PDA in 12 patients (11.7%). Patient characteristics are presented in Table 1.

Table 1: Characteristics of Adult Acyanotic CHD with Pulmonary Hypertension.

Characteristics Total (n = 103)

Height (cm) [median (IQR)]a 155.0 (150.0–160.0)
Weight (kg) [mean ± SD]a 49.6 ± 10.7
BSA (m2) [mean ± SD]a 1.4 ± 0.1
Age (years) [n(%)]

Young Adult (18–40) 77 (74.8)
Middle-Age Adult (41–65) 25 (24.3)
Older (>65) 1 (1.0)

Gender [n(%)]
Male 25 (24.3)
Female 78 (75.7)

BMI (kg/m2) [n(%)]a

Underweight (<18.5) 37 (35.9)
Normal Weight (18.5–22.9) 44 (43.1)
Overweight (23–24.9) 12 (11.8)
Obesity (≥25) 9 (8.7)

WHO-FC [n(%)]b

I 1 (1.0)
II 85 (82.5)
III 7 (6.8)
IV 1 (1.0)

a: data of 102 patients; b: data of 94 patients; SD: standard deviation; BSA: body surface area; BMI: body mass index;
WHO: World Health Organization.

The majority of adult patients with acyanotic CHD and pulmonary hypertension in this study
had a median height of 155.0 cm, with varying ranges. The average BSA was 1.4 m2, with a standard
deviation of 0.1 m2. The young adult age group had the highest prevalence among the categorized
age groups. Additionally, female patients outnumbered male patients. Most patients had a normal
BMI and were classified as WHO-FC II, indicating patients have mild symptoms with exertion,
including dyspnea and fatigue, but no symptoms at rest.

The hemodynamic profile, assessed via right heart catheterization, yielded the following
results (Table 2). Among 92 out of 103 patients, the median PARI value was 13.5 WU/m2

(according to ESC, the normal PARI value is 3 WU/m2–3.5 WU/m2). Regarding RAP, 95
out of 103 patients had a median value above the normal range, at 7.00 mmHg (normal
value according to ESC is 2 mmHg–6 mmHg). The mPAP value for all 103 patients was
elevated, with an average of 56.0 mmHg ± 23.5 mmHg (normal mPAP value according to ESC is
8 mmHg–20 mmHg). Among the 55 out of 103 patients with available LVEDP values, the average
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value was 9.5 mmHg ± 3.9 mmHg (normal mPAP value according to ESC is 5 mmHg–12 mmHg).
The PVR was elevated in 91 out of 103 patients, with an average of 12.6 WU ± 11.0 WU (normal
mPAP value according to ESC is 0.3 WU–2.0 WU). The PVR/SVR ratio was also increased in 74 out
of 103 patients, averaging 0.5 WU ± 0.5 WU (normal value < 0.3 WU). Regarding oxygen saturation
level, 88 out of 103 patients had an average pulmonary artery saturation of 74.0% ± 12.0% (normal
pulmonary artery saturation value is 80%). Additionally, 85 out of 103 patients had an aortic
saturation below normal with an average of 88.1% ± 7.8% (normal aortic saturation value is
96%–100%). The average mixed venous saturation value among 80 out of 103 patients was below
the normal range at 59.3% ± 10.1% (normal mixed venous saturation value according to ESC is
65%–80%).

Table 2: Hemodynamic Profile Based on Right Heart Catheterization in Adult Acyanotic CHD with
Pulmonary Hypertension.

Right Heart Catheterization Result Total (n = 103)

PARI (WU/m2) [median(IQR)]a 13.5 (4.5–29.6)
RAP (mmHg) [median(IQR)]b 7.0 (5.0–11.0)
mPAP (mmHg) [mean ± SD] 56.0 ± 23.5
LVEDP (mmHg) [mean ± SD]c 9.5 ± 3.9
PVR (WU) [mean ± SD]d 12.6 ± 11.0
PVR/SVR (WU) [mean ± SD]e 0.5 ± 0.4
Pulmonary artery saturation (%) [mean ± SD]f 74.0 ± 12.1
Aorta saturation (%) [mean ± SD]g 88.1 ± 7.8
Mixed venous saturation (%) [mean ± SD]h 59.0 ± 10.1

a: data of 92 patients; b: data of 95 patients; c: data of 55 patients; d: data of 91 patients; e: data of 74 patients; f: data of
88 patients; g: data of 85 patients; h: data of 80 patients; PARI: pulmonary artery resistance index; LVEDP: left ventricle
end-diastolic pressure; RAP: right arterial pressure; SD: standard deviation; mPAP: mean pulmonary artery pressure;
PVR: pulmonary vascular resistance; SVR: systemic vascular resistance.

4 Discussion

According to data from the World Population Review, the average height of healthy individuals
in Indonesia is 166 cm for males and 154 cm for females. However, in this study, height was not
analyzed separately by sex, thus the relationship between body height on these conditions, has not
been specifically analyzed [12]. A study by Daymont et al., found that children with CHD exhibited
a significant deficit in weight, body length, and head circumference within a few weeks after
birth compared to children without CHD [13]. This suggests that the presence of an unrepaired
heart defect from birth may contribute to a height deficit in adult CHD patients compared to their
healthy counterparts.

A study by Muljati et al., reported that the average body weight of healthy 18-year-old females
is approximately 47.9 kg, while for males of the same age, it is around 54.2 kg [14]. However, in
this study, height was not analyzed separately by sex, so the relationship between body weight on
these conditions, has not been specifically analyzed. Despite these differences, a study by Brida et
al., found a significant association between weight changes and prognosis in patients with complex
CHD. Adult CHD patients who experienced weight loss had a significantly higher mortality rate
compared to those without weight loss [15].

Based on the characteristics of body surface area (BSA) in adult patients with acyanotic CHD
and pulmonary hypertension, the average BSA was 1.4 m2 with a standard deviation of 0.1 m2.
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A study by Yang et al., reported similar findings, with a BSA of 1.49 ± 0.16 m2 in adult CHD
patients [16].

The majority of adult patients with acyanotic CHD and pulmonary hypertension are young
adults (18–40 years). This is consistent with studies by Verheugt et al. and Rawat et al., which
reported that most adult patients with acyanotic CHD fall within the age range of 20–30 years
and 18 years, respectively [9,17]. In other words, these studies indicate that the young adult age
group has a higher prevalence compared to other age categories. Most symptoms of CHD with
pulmonary hypertension in adults are nonspecific. As a result, in older patients, initial evaluations
are often focused on more common cardiovascular diseases, such as coronary artery disease. This
may contribute to the high proportion of young adult CHD patients with pulmonary hypertension
referred to our hospital, as pulmonary hypertension may have gone undetected or overlooked
during prior evaluations at other healthcare facilities.

Based on gender characteristics, adult patients with acyanotic CHD are predominantly female.
This finding aligns with a cohort study conducted in Taiwan by Chiu et al. which reported that
CHD with pulmonary hypertension was more commonly observed in females than in males [18].
Similarly, a study in Japan by Yao et al., found that female patients were more prevalent in certain
types of CHD, including ASD, VSD, and PDA [19]. Sex hormones and developmental factors have
been hypothesized as potential contributors to these gender differences in congenital anomalies [20].

In this study, most patients had a normal BMI, consistent with findings by Zaqout et al., which
indicated that normal or underweight BMI is more commonly observed in adult CHD patients.
Additionally, BMI status in adult CHD patients has been linked to the severity of the cardiac
defect [21]. However, since this study did not assess defect severity, the relationship between BMI
and defect severity could not be directly evaluated. Furthermore, a study by Brida et al., found that
a higher BMI is associated with a lower mortality rate in adult CHD patients [15].

In terms of WHO-FC characteristics, adult patients with acyanotic CHD are predominantly
classified as WHO-FC II. This finding is consistent with a study by Kücükoglu et al., which reported
that WHO-FC II status was the most common classification among CHD patients with pulmonary
hypertension [22]. Basically, WHO-FC status is recognized as one of the strongest predictors
of survival, both at diagnosis and during follow-up. A worsening WHO-FC classification is a
key indicator of disease progression in pulmonary hypertension [10]. As widely known, higher
WHO-FC classifications are associated with an increased one-year mortality risk in CHD patients
with pulmonary hypertension. Therefore, the majority of patients at our hospital classified as
WHO-FC II are considered to have a lower estimated one-year mortality risk.

This study, along with the study conducted by Dinarti et al., both reported abnormal PARI values,
with a median value of 33 WU/m2 and a minimum-maximum value of 1.6 WU/m2–11.6 WU/m2.
PARI is essentially the PVR value adjusted for a person’s BSA, providing a more standardized
assessment of PVR. The PVR value itself is influenced by several factors, including the size of
intracardiac defects. Consequently, an individual’s PARI value is also indirectly affected by the size
of the heart defect [23]. The variation in PARI values between this study and the previous study by
Dinarti et al., may be attributed to differences in defect size among adult CHD patients [9]. However,
since defect size was not analyzed in this study, its direct relationship with PARI values could not
be evaluated.
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The RAP values in this study were above normal. Similarly, a study by Dinarti et al., also
reported abnormal RAP values in adult CHD patients with pulmonary hypertension, with a median
value of 9.0 mmHg and a range of 6.0 mmHg~13.0 mmHg [9]. The RAP is one of the hemodynamic
parameters for assessing prognosis, as values below 8 mmHg are associated with a lower risk of
mortality within one year. A recent study from France identified WHO-FC, six-minute walk distance
(6 MWD), RAP, and stroke volume index (SVI) as independent predictors of prognosis in pulmonary
hypertension associated with CHD [10]. Based on these findings, adult acyanotic CHD patients with
pulmonary hypertension in this study are estimated to have a low 1-year mortality risk.

According to the latest clinical classification from the 6th World Symposium of Pulmonary
Hypertension (WSPH), an individual is diagnosed with pulmonary hypertension when the
mPAP value exceeds 20 mmHg [24]. The findings of this study, along with previous studies
by Chiu et al., and Idress et al., confirm mPAP values consistent with the definition of pulmonary
hypertension [18,25]. An increase in mPAP significantly raises the risk of mortality, particularly
when the value exceeds 25 mmHg [23]. Although the average mPAP value in this study’s patients
was higher, the estimated 1-year mortality risk remains low based on WHO-FC. This is because
WHO-FC remains the strongest predictor of disease severity and clinical outcomes, surpassing
mPAP in prognostic significance.

The LVEDP values are used to determine the type of pulmonary hypertension. According to
ESC guidelines, a PAWP value of ≤15 mmHg indicates pre-capillary pulmonary hypertension,
which includes pulmonary hypertension caused by CHD (LVEDP values are often considered
equivalent to PAWP) [10,23]. The findings of this study support this classification, as the average
LVEDP value of ≤15 mmHg in study participants indicates they fall into the pre-capillary
pulmonary hypertension category. Furthermore, the value obtained in this study serves as an
indicator that pulmonary hypertension in these patients is entirely attributed to CHD, with no
indication of left heart disease involvement or a mixed etiology as contributing factors.

The findings of this study are consistent with research conducted by Idress et al., which also
reported abnormally high PVR values [25]. This aligns with the natural progression of pulmonary
hypertension, where PVR increases due to remodeling of the pulmonary blood vessels [26]. PVR
also serves as a crucial indicator for assessing the safety of defect closure in CHD patients, with a
PVR <5 WU generally considered a safer threshold. In this study, with an average PVR ≥ 5 WU,
defect closure in these patients is associated with a higher risk of poor outcomes. Therefore, it is
recommended that patients first undergo treatment for pulmonary hypertension, followed by a
reevaluation of hemodynamics, and consider defect closure only if the PVR value falls below 5
WU [26].

Studies by Kücükoglu et al. and Amsallem et al., reported similar findings regarding the
PVR/SVR ratio, with the values exceeding normal levels [22,27]. An elevated PVR/SVR ratio
indicates increased resistance in the pulmonary vasculature relative to systemic circulation. Under
normal conditions, SVR is higher than PVR. However, when PVR surpasses SVR, the direction
of shunting from the left heart to the right heart can reserve, leading to cyanosis a condition
characterized by bluish discoloration of the skin and mucous membrane due to low oxygen levels
in the blood [23]. Based on the PVR/SVR ratio values observed at our hospital, the majority of
patients exhibited elevated ratios, suggesting a higher risk of progression toward more severe
forms of cyanotic CHD.
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The pulmonary artery saturation values in this study were below normal. Similarly, a study
by Thomas et al., reported an average pulmonary artery saturation of 68% ± 7%, which was
also lower than normal [28]. In CHD, pulmonary artery saturation is commonly used to detect
the presence of a left-to-right shunt. However, in this study, patients had already developed
pulmonary hypertension, with pulmonary artery pressure exceeding normal levels. This likely
led to a reduction in the left-to-right shunt, bringing pulmonary artery saturation values closer
to normal.

The aortic saturation characteristics in this study showed an average value of 88.1% ± 7.8%
whereas the normal range for aortic saturation is 96%–100%. This finding aligns with a study by
Thomas et al., which reported an average aortic saturation value of 88% ± 5% [28]. In our study,
aortic saturation values below the normal range indicate the mixing of deoxygenated blood from the
right side to the left side of the heart. This finding is also consistent with the previously discussed
increase in the PVR/SVR ratio. However, further evaluation using more specific diagnostic tests is
needed to confirm the direction of the shunt in the heart defect.

Mixed venous saturation values serve as an indicator of the presence of an intracardiac
shunt. A mixed venous oxygen saturation level exceeding 75% suggests abnormal intracardiac
blood flow, potentially indicating a left-to-right shunt [10]. However, in this study, the mixed
venous oxygen saturation values were found to be <75%. This finding is consistent with the
principle of pulmonary artery saturation, where CHD patients in this study had progressed to
pulmonary hypertension. The elevated pulmonary pressure likely reduced left-to-right shunting.
This perspective is supported by a study conducted by Mueller-Mottet et al., which found that
CHD patients with pulmonary hypertension had mixed venous saturation values below 75% [29].

This study is a single-center, hospital based, and therefore, its findings cannot yet be generalized
as the hemodynamic profile of adult acyanotic CHD patients with pulmonary hypertension across
West Java or larger regions. Dr. Hasan Sadikin General Hospital is not the sole referral center
for adult CHD patients in West Java, as some patients also seek treatment at private hospitals.
Consequently, the study sample may not fully represent the boarder population of adult CHD
patients in the region. Thus, future studies with multiple cohorts or institutions are warranted to
validate our findings.

5 Conclusions

This study documents data on patients with CHD and pulmonary hypertension, presenting
both demographic characteristics and hemodynamic parameters. As a hospital-based registry, it
provides a comprehensive overview of the clinical profile of adult CHD patients with pulmonary
hypertension at Dr. Hasan Sadikin General Hospital, Bandung. Further cohort studies on routine
right heart catheterization in pediatric CHD are needed to identify the risk of early pulmonary
hypertension development, allowing for earlier clinical interventions to reduce mortality rates and
improve the quality of life of patients.
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