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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.
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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: Congenital atrial septal defect (ASD) with severe scoliosis is a rare compound malformation in
children. Severe scoliosis should be corrected as soon as possible. The growth rod is suitable for patients with
early scoliosis and obvious scoliosis under 10 years old. However, the fluoroscopic radiopaque of titanium
alloy plate will inevitably partly make the operative field of interventional occlusion blind. We present
a 7-year-old Chinese girl with ASD and scoliosis who underwent spinal correction with a dual-growth
rod. In this case, we performed transcatheter closure of ASD solely under the guidance of transthoracic
echocardiography. Transthoracic echocardiography (TTE) has been reported as efficacious and safe for
assessment and guidance of ASD occlusion. For patients with visual field occlusion under fluoroscopy, the
application of TTE is efficacious and safe for assessment and guidance of ASD occlusion

KEYWORDS: Atrial septal defect; scoliosis; transthoracic echocardiography; intervention closure; child

1 Case

A 7-year-old girl was taken to Women and Children’s Hospital, Qingdao University for a
heart murmur. Echocardiography (Echo) showed atrial septal defect (ASD) of 13 mm (Fig. 1) with
enlarged right atrium and right ventricle, slightly dilated pulmonary artery (17 mm), and left
ventricular ejection fraction (LVEF) of 65%. Due to severe scoliosis, the girl underwent five spinal
operations and dual growth rods at Beijing Children’s Hospital. It is indicated by our physical
examination that the child had a thoracic deformity with left chest collapse.

Three-dimensional reconstruction of the thorax showed bilateral thoracic asymmetry, the 4th,
5th, and 6th rib fused posteriorly, the 6th, 7th, 9th, and 10th ribs on the left side were obviously
widened, and the spine was significantly convex to the left side (Fig. 2). Chest fluoroscopic imaging
of the corrective device may generate an influence on the field of vision of interventional occlusion
(Fig. 3). Based on our previous experience, we decided to perform ASD closure solely under the
guidance of Transthoracic Echocardiography (TTE). The size and location of ASD, the length and
hardness of the defect rim, pulmonary hypertension, and blood flow direction of the defect were
evaluated from the apical four-chamber view, subcostal sagittal view, and parasternal short-axis
view (Philips IE33). The written informed consent was obtained from the parents.
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Figure 1: Apical four-chamber view of the heart revealing dilated right atrium and right ventricle and the atrial septum 
deleted 13 mm. 

 
Figure 2: Three-dimensional reconstruction of thoracic bones showed bilateral thoracic asymmetry, the 4th, 5th, and 
6th ribs fused posteriorly, and the 6th, 7th, 9th, and 10th ribs on the left side were widened. 

Figure 1: Apical four-chamber view of the heart revealing dilated right atrium and right ventricle and the
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Figure 3: Chest radiograph showed that the spine was corrected by a dual growth rod. 

Under general anesthesia, a right femoral vein was punctured. Heparin was administered intrave-
nously, and the activated clotting time was continuously monitored throughout the surgical procedure, 
maintaining it at over 220 s. 

The length was marked on a 6Fr multifunctional catheter to indicate the distance from the puncture 
site to the right atrium, before being advanced through the inferior vena cava to the right atrium. Under the 
direction of real-time TTE, adjusting the angle, direction, and depth of the tip of the multifunctional cath-
eter, it entered into the left atrium through the ASD. Feed the stiffened guide wire along the catheter, fix the 
guide wire in the left lower pulmonary vein, withdraw the catheter, feed the 8Fr delivery sheath along the 
stiffened guide wire to the left atrium, and withdraw the delivery sheath core and the guide wire. Under the 
guidance of TTE, the 16 mm occluder was pushed into the sheath. The left and right atrial disks were re-
leased in sequence. The shape of the occluder, position, and atrioventricular valve function were assessed 
by TTE (Fig. 4). Finally, the delivery sheath was removed, and compression bandages were applied. The 
operation time lasted 30 min. Aspirin was given (3–5 mg/kg, orally) every day for 6 months. The girl recov-
ered and was discharged from the hospital 3 days after the intervention. There were no major cardiovascu-
lar-related complications. 

Figure 3: Chest radiograph showed that the spine was corrected by a dual growth rod.
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Under general anesthesia, a right femoral vein was punctured. Heparin was administered
intravenously, and the activated clotting time was continuously monitored throughout the surgical
procedure, maintaining it at over 220 s.

The length was marked on a 6Fr multifunctional catheter to indicate the distance from the
puncture site to the right atrium, before being advanced through the inferior vena cava to the right
atrium. Under the direction of real-time TTE, adjusting the angle, direction, and depth of the tip
of the multifunctional catheter, it entered into the left atrium through the ASD. Feed the stiffened
guide wire along the catheter, fix the guide wire in the left lower pulmonary vein, withdraw
the catheter, feed the 8Fr delivery sheath along the stiffened guide wire to the left atrium, and
withdraw the delivery sheath core and the guide wire. Under the guidance of TTE, the 16 mm
occluder was pushed into the sheath. The left and right atrial disks were released in sequence.
The shape of the occluder, position, and atrioventricular valve function were assessed by TTE
(Fig. 4). Finally, the delivery sheath was removed, and compression bandages were applied. The
operation time lasted 30 min. Aspirin was given (3–5 mg/kg, orally) every day for 6 months. The
girl recovered and was discharged from the hospital 3 days after the intervention. There were no
major cardiovascular-related complications.
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Figure 4: (A) Apical four-chamber view of the heart revealing the multifunctional catheter was advanced through the 
ASD to the left atrium. (B) Under the guidance of real-time TTE, the left atrial disc of the occluder was opened and 
pulled back parallel to the atrial septum. (C) Under the guidance of real-time TTE, the right disc was sequentially 
opened to close the ASD. (D) After checking the occluder’s immobility and the possible presence of a residual shunt, 
the occluder was released. 

2 Discussion 
The relationship between congenital heart disease (CHD) and congenital scoliosis has been explored 

for several decades [1]. Children with CHD are more likely to develop spinal and thoracic deformities in 
the fetal period or thoracic scoliosis after thoracic surgery [2–4]. Severe scoliosis with spinal rotation often 
occurs after surgical treatment of congenital heart disease [5]. Current evidence suggests a 10-fold increase 
in the prevalence of scoliosis in children with CHD compared with age-matched populations. The surgical 
treatment of CHD is reported to be associated with a high prevalence of scoliosis [6,7]. We introduce an 
exceptional instance of transcatheter closure of an ASD, a procedure that was uniquely navigated exclusively 
through Transthoracic Echocardiography (TTE). This particular case stands out due to the prior spinal 
corrective surgery of the patient, which involved the insertion of a dual growth rod, rendering x-ray fluor-
oscopy unsuitable for guiding the transcatheter treatment. Despite this earlier surgical procedure, the ASD 
closure was subsequently accomplished with remarkable success, solely relying on TTE throughout. 

Clinically, Transesophageal Echocardiography (TEE) guided ASD closure has become a development 
trend in recent years [8]. The Echo presents prominent advantages for ASD intervention compared with 
fluoroscopy. TEE can visually display the influence of the occluder on the atrioventricular valve, coronary 
sinus, pulmonary vein, and adjoined tissues, and real-time monitoring of the procedure process, capable of 
occluder replacement if improperly positioned [9].  

However, TEE is an invasive procedure that requires the insertion of an esophageal probe and general 
anesthesia with tracheal intubation to avoid aspiration, which increases the incidence of complications and 
costs. TTE provides high-resolution views of ASD itself and the spatial orientations regarding neighboring 
structures, offering indispensable information that can be substituted with TEE in pediatric patients [10]. 

Figure 4: (A) Apical four-chamber view of the heart revealing the multifunctional catheter was advanced
through the ASD to the left atrium. (B) Under the guidance of real-time TTE, the left atrial disc of the
occluder was opened and pulled back parallel to the atrial septum. (C) Under the guidance of real-time TTE,
the right disc was sequentially opened to close the ASD. (D) After checking the occluder’s immobility and
the possible presence of a residual shunt, the occluder was released.

2 Discussion

The relationship between congenital heart disease (CHD) and congenital scoliosis has been
explored for several decades [1]. Children with CHD are more likely to develop spinal and thoracic
deformities in the fetal period or thoracic scoliosis after thoracic surgery [2–4]. Severe scoliosis with
spinal rotation often occurs after surgical treatment of congenital heart disease [5]. Current evidence
suggests a 10-fold increase in the prevalence of scoliosis in children with CHD compared with
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age-matched populations. The surgical treatment of CHD is reported to be associated with a high
prevalence of scoliosis [6,7]. We introduce an exceptional instance of transcatheter closure of an
ASD, a procedure that was uniquely navigated exclusively through Transthoracic Echocardiography
(TTE). This particular case stands out due to the prior spinal corrective surgery of the patient, which
involved the insertion of a dual growth rod, rendering X-ray fluoroscopy unsuitable for guiding the
transcatheter treatment. Despite this earlier surgical procedure, the ASD closure was subsequently
accomplished with remarkable success, solely relying on TTE throughout.

Clinically, Transesophageal Echocardiography (TEE) guided ASD closure has become a development
trend in recent years [8]. The Echo presents prominent advantages for ASD intervention compared with
fluoroscopy. TEE can visually display the influence of the occluder on the atrioventricular valve, coronary
sinus, pulmonary vein, and adjoined tissues, and real-time monitoring of the procedure process, capable
of occluder replacement if improperly positioned [9].

However, TEE is an invasive procedure that requires the insertion of an esophageal probe
and general anesthesia with tracheal intubation to avoid aspiration, which increases the incidence
of complications and costs. TTE provides high-resolution views of ASD itself and the spatial
orientations regarding neighboring structures, offering indispensable information that can be
substituted with TEE in pediatric patients [10]. However, there is no consensus regarding TTE
being applied individually in ASD transcatheter closures. Although it is generally recognized
internationally that cases with maldeveloped inferior and posterior borders as well as superior
border defects pose certain risks when assessed using TTE, the effectiveness of TTE in cases without
these conditions is not significantly different from that of TEE [11]. As confirmed by many experts,
TTE can serve as a reliable tool for measuring the diameter of ASD and providing guidance during
device closure when operated by skilled hands [12,13].

It is difficult for beginners to guide ASD closure with TTE merely. Regarding each step of
the operation, the atrial septum needs to be observed from different perspectives, which requires
the operator to be especially familiar with the two-dimensional anatomical spatial structure of
the heart [14]. The operation time is relatively long, requiring the surgeon to make psychological
preparations before the operation and communicate with the family about the expected operation
time. Under routine circumstances, it is usually not easy to locate the tip of the catheter through
the apical four-chamber view, parasternal long-axis view, and subxiphoid acoustic window. There
are some difficulties in this section without fluoroscopy. Therefore, we have to rotate the catheter to
assist its visualization from the Echo. It is required to mark the catheter with a sterile mark pen
before insertion to indicate the distance from the puncture point to the apex of the heart. Under the
guidance of TTE, the occluder was delivered through the sheath by pushing the cable slowly. The
left and right atrial disc of the occluder was released in turns.

Congenital heart disease with scoliosis is a rare compound malformation [15]. For children
of a spinal implanted plate with relative intervention contraindications, TTE is possibly a better
alternative for the guidance of ASD occlusion. In conclusion, this report describes a successful case
of transcatheter ASD closure guided entirely by TTE. It is suggested by this study that in selected
pediatric patients with visual field occlusion under fluoroscopy, the application of TTE is efficacious
and safe for assessment and guidance of ASD occlusion.
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