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1. Congenital diaphragmatic hernia and pulmonary hypoplasia

Congenital diaphragmatic hernia (CDH) is part of a diverse group of developmental
diaphragm defects that allow abdominal organs to move into the thoracic cavity. CDH has
an incidence of 1 in 2500-4000 births and a mortality rate of 30-60% due to pulmonary
hypoplasia. Despite advancements in antenatal screening and postnatal treatments, the
mortality rate remains high, ranging from 20% to 60% [1]. Currently, the antepartum
detection rate of diaphragmatic hernia is approximately 60%.

The cause of diaphragmatic hernia remains uncertain and is believed to be
multifactorial, involving genetic, environmental, and nutritional factors. CDH is considered
an isolated condition in about 50-60% of cases, while it is associated with other congenital
anomalies in 40-50% of cases [2]. Some genetic syndromes, such as Donnai-Barrow
syndrome, Tonne-Kalscheuer syndrome, and Fryns syndrome, always include CDH. In other
syndromes, CDH occurs incidentally.

Targeted studies have identified the most common structural genetic abnormality as
the deletion of chromosome 15q. Transmission of congenital diaphragmatic hernia, whether
in consanguineous or non-consanguineous cases, appears to be autosomal recessive linked
to the X chromosome. Additionally, alterations in the retinoid-signaling pathway may play
a role in CDH development, as vitamin A deficiency has been experimentally shown to
contribute to its occurrence [3].

CDH results from changes in essential components of the diaphragm, namely the
transverse septum and pleuroperitoneal membrane. The key ultrasonographic signs include
the visualization of abdominal organs migrating into the thoracic cavity and the deviation of
the mediastinum contralateral to the hernia. In mild cases where the defect is small and fewer
abdominal organs are herniated, the condition may be identified later.

In terms of prognosis, cases with isolated CDH have better survival than those with
CDH associated with other chromosomal pathologies, even if these are related to single gene
alterations or occur in complex genetic syndromes. The coexistence of malformations
involving the cardiovascular system makes the prognosis even more reserved.

By far the most important prognostic factor is the degree of lung hypoplasia.
Pulmonary hypoplasia is an abnormality defined by morphologically and functionally
incomplete development of the lung. It is characterized by both reduced lung tissue and

reduced blood flow that would allow the newborn to breathe on its own.



The exact incidence of CDH is not well established, with some studies reporting
1.4/1000 of all births and between 9.9 to 1.1/1000 live births [4]. The Fetal Medicine
Foundation estimates the prevalence to be 1 in 50,000 births. Although the etiology of this
condition is not entirely known, several conditions are essential for normal lung development
"in utero." These include normal rib cage conformation, the presence of fetal respiratory
movements, lung fluid at positive pressure, and a normal volume of amniotic fluid [5].

Changes leading to lung hypoplasia occur in the early stages of lung development,
which is divided into five developmental stages: embryonic (Day 22 - week 6),
pseudoglandular (weeks 5 - 17), canalicular (weeks 16 - 25), saccular (week 24 - until birth),
and alveolar (week 36 to about 8 years) [6]. Fetal respiratory movements stimulate the
growth of platelet-derived growth factor (PDGF), insulin-like growth factor (IGF), and
thyroid transcription factor 1 (TTF-1) [7].

There is currently no 'gold standard' for assessing lung development. The most
common criterion used is the lung-to-body weight ratio, with a normal ratio considered to
be 0.012 for girls older than 28 weeks and 0.015 for those below this gestational age [8].
Intrauterine suspicion of pulmonary hypoplasia diagnosis is suggested by biometric changes
observed on 2D ultrasound, including altered lung area, thoracic circumference, the ratio
between thoracic and abdominal circumference, and normal biometry (CT/CA). More
accurate and predictive assessments of lung hypoplasia can be obtained through lung volume
assessment using 3D ultrasonography or MRI [9].

Recent scientific advancements have introduced various therapies for CDH. The
modern FETO (fetal endoscopic tracheal occlusion) technique involves inserting a balloon
into the fetus's trachea to produce tracheal occlusion, allowing lung fluid to accumulate and
expand the lung. Surgical options include minimally invasive laparoscopy, tracheoscopy,
and classical surgical techniques. Defects can be repaired using synthetic or biological
patches, abdominal or thoracic muscle flaps, and biomaterials.

Postpartum ventilation of infants with pulmonary hypoplasia due to CDH is
particularly challenging. Surfactant administration is not beneficial for term and preterm
infants with CDH. Nitric oxide is the preferred therapy to relieve pulmonary hypertension
[10]. For left ventricular dysfunction, Milrinone, a phosphodiesterase-3 inhibitor, is used,
along with Sildenafil, Bosentan, PGE1 (Prostaglandin E1), PGI2 (Prostaglandin 12), and
prostacyclin. The final therapeutic option for eligible children who do not respond to drug

therapies is ECMO (extracorporeal membrane oxygenation).



2. Congenital diaphragmatic hernia imaging and lung hypoplasia

The most common method for examining a fetus is through ultrasonography,
specifically fetal ultrasound or screening ultrasound for fetal malformations during the
second trimester of pregnancy. The optimal time for this ultrasound, as recommended by the
Fetal Medicine Foundation (FMF), is between 18 and 23 weeks of gestation.

The purpose of the ultrasonographic examination is to confirm normal morphology,
study the normal echogenicity of the lung parenchyma, indicate the normal shape,
morphology, and position of the mediastinum and heart, and note the normal shape of the
diaphragm or any possible pleural effusions [11]. For the sonographic examination of the
lung, it is sufficient to examine the lung in the "four-chamber" section.

Ultrasonographic diagnosis of diaphragmatic hernia is possible in 90% of cases in
patients with stomach and intestinal loop herniation, but only in about 50% of cases when
patients present with liver herniation. Antenatal diagnosis of pulmonary hypoplasia remains
the greatest challenge for the examiner since the subsequent prognosis of the fetus depends
significantly on this evaluation.

The significant disparity between the clinical significance of pulmonary hypoplasia
and the imaging findings has led to the development of various ratios and measurements to

better stratify the severity of the condition. Among these measurements are the following:

e Lung area to cranial circumference ratio (LHR) (poor prognosis at values less

than 1).

e fetal chest circumference reduction
e chest circumference to abdominal circumference ratio less than 0.615
e femur length/abdominal circumference ratio less than 0.1615.

e an abnormally low lung-to-body weight ratio
An LRH (lung-to-head ratio) of less than 1 is associated with a poor prognosis [12].
An LRH value between 1 and 1.4 indicates the need for postpartum ECMO (extracorporeal
membrane oxygenation), while an LRH value greater than 1.4 suggests a better prognosis.
Fetal MRI is considered the best method for investigating fetal pathology when
ultrasound does not provide sufficient information. There has been a significant and

continuous increase in the indications for this method. The most common indications for



fetal MRI include ventriculomegaly, neural tube defects (such as spina bifida), intracranial
hemorrhages, lissencephaly, tumor masses in the neck, congenital diaphragmatic hernia, and
abdominal masses [13].

Several standard sequences are generally used in fetal MRI, each providing specific
benefits. T2-weighted sequences are commonly employed due to their high spatial
resolution, which differentiates adjacent structures and blood vessels.

The optimal period for fetal MRI is between 26 and 32 weeks of gestation. In fetuses
with CDH, fetal MRI provides additional information about the herniated organs and the
degree of herniation. It also differentiates between liver herniation and the hypoplastic lung,
which can be challenging to distinguish via ultrasound due to their similar echogenicity [14].

One of the primary uses of fetal MRI is the assessment of pulmonary hypoplasia in
CDH. MRI can make volumetric determinations of the lungs and calculate the degree of
pulmonary hypoplasia. Currently, the most accurate tool for predicting fetal survival is total
fetal lung volume (TFLV) measured by fetal MRI [15]. A TFLV percentage below 35% is

considered unfavorable and is associated with a high neonatal mortality rate.

3. Work hypothesis and general objectives

In developing this thesis, we aimed to address several questions related to CDH,
focusing on modern methods of antenatal diagnosis and exploring potential new means of
assessing disease severity to improve therapeutic management. Advances in medical
imaging and radiology have introduced new methods for evaluating the cardiorespiratory
risk associated with CDH. These advancements enable early diagnosis, which, combined
with modern treatment techniques, can significantly impact therapeutic management.

As mentioned earlier, ultrasonography is the primary screening method used by
gynecologists for antenatal diagnosis of CDH [16]. While it is a reliable method for detecting
CDH, there are complex cases where standard ultrasonography may not provide all the
necessary information, and there are instances where the diagnosis may be missed.
Therefore, we decided to examine the role and benefits of MRI in diagnosing and assessing
CDH. Despite being an advanced technique, MRI has been used for several years, though
debates continue regarding its precise role in CDH. In Romania, its use remains relatively
limited due to a lack of experienced personnel and the small number of specialized maternal-
fetal medicine centers [17].

The hypotheses that guided the choice of this topic are as follows:



CDH is a rare pathology that isn’t investigated rigorously enough by

ultrasound in our country.

MRI investigation of CDH is not widely used in current practice due to a lack
of experienced personnel and difficult access to this imaging technique.

When used as a diagnostic investigation, MRI can provide more information
than is commonly used in current practice, and other parameters can be

analyzed.

Building on these hypotheses and examining the present state of medical knowledge,

we concluded that this topic holds scientific significance warranting further investigation,

leading us to establish the following objectives:Clarifying the indications for MRI

examination.

1.

2.

5.

6.

Establishing the advantages of the method.

Identifying the limitations of MRI exploration.

Analyzing the ability to assess the severity of CDH.

Finding new parameters that can help in diagnosis and severity assessment.
Diaphragmatic defect analysis.

Analysis of the ascending organs through the diaphragmatic defect.

The study was conducted sequentially. Due to the focus on a rare pathology, the patient

groups were small and fewer parameters were analyzed at the beginning of the research.

Each study in this thesis explored different elements and sought new correlations,

particularly by comparing MRI and ultrasound techniques.

4. General research methodology

This is a retrospective multicenter study. Data were collected between January 2017

and December 2023 from two university hospitals in Bucharest and a private imaging center.

The inclusion criteria are as follows:

patients in whom routine fetal morphology ultrasound revealed or raised the
suspicion of CDH, which was subsequently explored using MRI;
Presence of unilateral CDH as the only malformation detectable by

ultrasound and MRI;



e Single pregnancy;

e Pregnancy that occurred naturally without the use of in vitro fertilization
techniques;

e Patients who underwent a single MRI during pregnancy, if multiple
examinations were performed, only the first investigation was considered.

A total of 60 patients were enrolled at the time of the thesis. After applying the
exclusion criteria, we were left with a group of 50 patients.

The ultrasound examinations were conducted using modern equipment adapted for the
study of fetal morphology and approved by national and international guidelines provided
by the International Society of Ultrasonography in Obstetrics and Gynecology (ISUOGQG),
such as Voluson™. High-frequency probes and dedicated obstetric protocols were used. The
physicians operating these machines underwent training and are accredited in morpho-fetal
explorations.

The MRI examinations utilized 1.5 Tesla machines, as required by current protocols,
using abdominal antennas. Although fetal sedation with 7.5 mg Zopiclone is still used to
reduce movement artifacts, we opted for fast sequences that minimize motion artifacts and
avoid sedatives as long as the examination quality was satisfactory. Various sequences can
be used during the examination, with names and acronyms differing by equipment
manufacturer. For simplicity, we will refer to these sequences by their generic names and
acronyms.

The most common and significant sequence in fetal examination is single-shot fast
spin-echo (SSFSE). It offers many advantages, particularly that in the case of motion
artifacts, only the section acquired at the time of fetal movements is affected, leaving other
sections uncompromised. [18]

T1-weighted images represent another common sequence used in current practice.
Although less useful than SSFSE, it is still essential for obtaining a quality examination.
These images are obtained using two-dimensional gradient echo sequences (2D GRE).

Diffusion-weighted sequences can be used in selected cases, showing greater utility in
central nervous system explorations.

In most cases in our study, SSFSE and 2D GRE sequences were sufficient for
diagnosis and risk stratification. Acquisitions were performed in all three planes (axial,

sagittal, and coronal) of the fetus, with the mother positioned in dorsal or lateral decubitus.



Prior authorization for the studies was obtained from the ethics committees of the
hospitals and the private center. Patient examinations were anonymized before data
processing.

Numerous parameters characterizing both the mother and fetus were analyzed. These
include: gestational age; affected hemidiaphragm; location of the herniation (anterior or
posterior); fetal sex; direction of cardiac deviation; lung area of the contra-lateral lung to the
diaphragmatic defect; cranial circumference measured in mm by MRI; individual lung
volume; total lung volume, obtained by summing the left and right lung volumes; transverse
diameter of the diaphragmatic defect; the antero-posterior diameter of the diaphragmatic
defect; the antero- posterior diameter of each hemi-diaphragm at the anterior and posterior
costo-diaphragmatic sinuses between the inner ribs; the transverse diameter of each hemi-
diaphragm at the level of the lateral costo-diaphragmatic and costomediastinal sinuses; the
area of the diaphragmatic defect; the area of each hemi-diaphragm in mm? ; the thoracic
transverse diameter measured at the level of the lateral costo-diaphragmatic sinuses between
the internal costal margins anterior-posterior thoracic diameter at the 4-chamber equivalent
level measured from the level of the anterior edge of the vertebrae to the level of the posterior
sternal surface; transverse thoracic diameter at the 4-chamber equivalent level measured
between the internal edges of the ribs; thoracic area measured in mm? at the level of the 4
chambers in mm, following the internal edge of the chest wall, vertebrae, sternum and ribs;
the thoracic circumference, measured in mm at the level of the 4 chambers, following the
outer edge of the ribs, sternum, spinous and lateral processes; the thoracic volume; the organs
ascending into the thoracic cavity and their number; the presence of ascites, pleurisy or
pericarditis; the LHR index obtained by ultrasound; the perinatal mortality, up to the time of

discharge of the newborn.

5. Severity assessment using MRI techniques

Due to the lack of a study providing standardized lung volume according to gestational
age for the Romanian population, we decided to review the literature to see if the currently
accepted values show a statistically significant correlation. The study aims to find reference
values that correspond best to our country to be further used as references.

After calculating the total lung volume by MRI using the planimetry technique, we
obtained the ratio between the observed and the expected value (severity index) for all 4

studies. We also used the mean between the four studies as another reference value. [19-22].



After calculating the severity index, patients were divided into severity categories according
to the percentage of missing lung volume according to the ranges used in current
practice.[23]

Patients died in 64% of cases. The correlations between severity index value and
mortality were statistically significant regardless of the reference values used.

Regarding the correlation between severity categories and mortality, there is no
statistically significant relationship between them, regardless of the reference values used.

The only two studies that came close to statistical significance correlation were Rypens
et al. and Meyer et al.

A higher statistical significance is however observed when using the reference values
provided by the Rypens et all group. It is observed that the p-value is generally lower in this
case, even reaching very close to the statistical threshold of 0.05 for the maximum severity
group where the p-value is observed to be 0.0502.

Moreover, another factor that attests to the superiority of the values offered by the
Rypens et al. study is the r-squared parameter. A higher value indicates a better ability to
predict survival in our study.

Thus, after analyzing the data, we can observe that among all the values used to predict
normal fetal lung volume, the most relevant for the population of which this study is part,
are those provided by the group Rypens et al.

For our population, the best reference values for normal fetal lung volume are those
obtained by Rypens et al. Although all reference values showed a very good statistical
correlation with mortality, when the same analysis was performed after dividing patients into
groups according to severity, the values closest to statistical significance were observed

when using the study by Rypens et al.

6. Differences in severity assessment between ultrasound and MRI using LHR

The aim of this study is to compare the severity assessment capabilities of ultrasound
using the LHR with that of MRI. From an accessibility perspective, patients have easier
access to ultrasound examinations compared to MRI examinations.

We gathered LHR index values, representing the ratio between the observed and
expected LHR, for all patients from their ultrasonographic reports. This data was then
analyzed for its correlation with mortality. Using MRI examinations, LHR MRI was

calculated following the method described by Jani et al. [24]. Measurements of fetal head

10



circumference and lung area on the contralateral side of the diaphragmatic defect were taken
at a section equivalent to the 4-chamber ultrasound section. The LHR MRI value was then
calculated by dividing the lung area by the cranial circumference.

Based on the LHR MRI value, the ratio of the measured values to the reference values
for gestational age (LHR MRI index) was calculated using data from the study by Jani et al.
[25]. The analysis of the correlation between the LHR MRI index and mortality revealed a
high statistical significance, consistent with literature showing a strong predictive value
between these two parameters [12].

However, while a strong association was found between the LHR MRI value and
mortality, no statistical correlation was observed between the LHR MRI index and mortality.
Additionally, correlation analysis between severity groups using LHR MRI index values and
mortality showed no statistically significant correlations and no values approaching
statistical significance.

The overall survival rate was 36%, lower than that suggested by other authors. When
patients were divided by severity grades, the discrepancy was noticeable depending on the
assessment method. Using the classic ultrasound method, survival was 61.9% in the mildly
affected group, 31.25% in the moderately affected group, and 0% in the severely affected
group. Using the MRI method for calculating LHR, the survival rates were 38.3% in the
mildly affected group and 0% in the other two groups.

Tracking the correlation between severity groups determined using the LHR MRI
index and mortality did not show a statistically significant relationship. Analyzing the data,
we can state with certainty that risk stratification using ultrasound can be done with a high
degree of accuracy using both LHR values and the LHR index. Recent studies have even
demonstrated the superiority of the LHR index over the simple use of LHR values [26].

Regarding the calculation of LHR using MRI, we can conclude that in its current form,
it does not hold diagnostic or prognostic value. Although the mathematical calculation of
LHR MRI showed a statistically significant correlation with mortality, the use of the LHR

MRI index did not demonstrate such an association.

7. Assessment of the impact of diaphragmatic herniated structures and other

associated conditions on survival and severity
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This study aimed to evaluate MRI's effectiveness in visualizing the topography of
CDH, identifying herniated organs in the chest, and quantifying the number of organs that
migrated through the diaphragmatic defect. Additionally, we examined the presence of
associated conditions such as pleural, pericardial, and peritoneal effusion.

For this study, MRI data were collected on the laterality and anteroposterior position
of the diaphragmatic defect. Normal thoracic structures, including the heart, lungs, and
vascular elements, were identified, and all abdominal structures elevated to this level were
differentiated. Special attention was paid to the presence of the liver and stomach in the
thoracic cavity.

The study observed a left-sided predominance of CDH in 86% of cases, with right-
sided herniation in only 14% of cases [27]. Posterior defects were predominant in about two-
thirds of the cases, with the remaining defects positioned anteriorly.

Analyzing the organs that ascended through the diaphragmatic defect, intestinal loops
were most commonly observed, followed by colonic segments and the stomach. Intestinal
loops and colonic segments were seen in all 50 cases in the study. Stomach ascension was
noted in 74% of cases. Although some authors have reported a significant correlation
between gastric herniation and worse postnatal prognosis, our study did not find such an
association in univariate analysis with mortality.

Liver herniation was observed in 36% of subjects. While univariate statistical analysis
did not show a significant correlation with mortality, a multiparametric analysis, including
the severity index, revealed a statistically significant correlation, indicating that liver
herniation significantly increases mortality.

MRI examination demonstrated excellent capability in delineating lung parenchyma
from other herniated organs. It proved to be a high-performance technique, effectively
confirming the herniation of digestive organs and identifying their components. The most
significant advantage of MRI was its ability to separate the collapsed lung from other

parenchymal structures.

8. Assessment of diaphragmatic defect size and its effect on prognosis and the

diaphragm

This study aims to explore the ability of MRI to quantify the size of the diaphragmatic

defect, providing additional prognostic information for patients. We attempted to accurately
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measure the maximum anteroposterior and transverse diameters of the diaphragmatic defect.
Often, direct visualization of the diaphragmatic leaflets was not clear, so we measured the
area where clear ascension of intra-abdominal organs was observed.

After measuring these two diameters, the area was calculated using the classical
formula for the area of an ellipse. Similarly, the area of the affected hemidiaphragm was
calculated. We measured the maximum anteroposterior and transverse diameters of each
hemidiaphragm at the costal-diaphragmatic sinuses.

After calculating these two areas, we determined the ratio between the area of the
diaphragmatic defect and the area of the hemidiaphragm. Patients were then categorized into
groups based on this ratio [28].

We found a strong correlation between both the size of the diaphragmatic defect and
mortality and between the diaphragmatic index (the ratio of the diaphragmatic defect area to
the affected hemidiaphragm area) and mortality. High statistical significance was observed
when analyzing severity and mortality for groups A and B. Unfortunately, groups C and D
did not show statistical significance in correlation with mortality [29].

Addressing the relationships between diaphragmatic impairment groups and severity
index, statistically significant correlations were obtained in multiparametric analysis in
nearly all cases. Groups A, B, and C showed the strongest correlations, while group D
showed minimal loss of statistical significance.

The size of the diaphragmatic defect is a critical element to consider in diagnostic
workup and surgery. Its predictive value has been demonstrated numerous times in the
literature, and our study confirms these findings. We recommend measuring the
diaphragmatic defect in each patient and calculating the diaphragmatic index. Although we
did not analyze the fidelity of the measurements in this study, there is a clear correlation
between imaging and intraoperative findings. We also recommend that multidisciplinary
committees discuss the usefulness of 3D modeling based on MRI images. This relatively
new technique may improve therapeutic management and family counseling, and it is likely

to be adopted by more centers in the future.

9. Exploring individual lung volume impairment in CDH and chest biometry

In this study, we aimed to further analyze the relationship between individual lung

volumes and certain pathological elements such as the size of the diaphragmatic defect, its

position, and herniated organs. We began by calculating individual lung volumes using the
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planimetry method. Similar to the assessment of overall pulmonary hypoplasia severity, each
lung was analyzed to classify it into a severity group based on the ratio of observed values
to those predicted by the literature. The same intervals as in the initial study were used.

In addition, we examined the anteroposterior and transverse diameters of each
hemidiaphragm to identify potential changes in thoracic symmetry. These measurements
were compared with predicted values from the literature, specifically using data from the
ultrasound study conducted by the group led by Lian et al. [30].

The relationship between the lung volume, the lung index of the lung ipsilateral to the
diaphragmatic breach, and the contralateral lung index on survival showed high statistical
significance. However, when a multiparametric analysis of these two values versus survival
was performed, the statistical significance for the ipsilateral lung index was lost, while the
contralateral lung index remained strongly significant. This suggests that the contralateral
lung index is a more critical factor in determining survival.

Statistically significant relationships were also observed when analyzing the
correlation between left and right lung volumes with the global severity index, and between
individual lung indices and the global severity index. Uniparametric and multiparametric
analyses demonstrated that a greater difference between the transverse diameters of the
hemidiaphragms had a high statistical significance in correlation with mortality.
Additionally, the relationship between the difference in transverse hemidiaphragm diameters
and mediastinal laterolateral deviation with severity was investigated. A strong statistical
correlation was found, indicating that greater mediastinal deviation increases the degree of
severity [31].

This study has demonstrated several critical elements related to the
morphopathogenesis and progression of CDH. One key finding is that the lung volume
contralateral to the diaphragmatic breach has a greater impact on predicting mortality and
determining the degree of severity. The underlying pathophysiologic mechanisms for these
phenomena remain unclear and require further investigation.

The study also confirmed the presence of certain alterations in usual thoracic biometric
parameters, particularly demonstrating an important relationship between the transverse
thoracic diameter and the degree of severity. Moreover, a significant relationship was found
between the degree of mediastinal deviation and the severity index. These findings highlight
the complex interactions between lung volumes, thoracic asymmetry, and mediastinal

structures in the progression and severity of CDH.
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10. General discussion of the thesis

Despite its rarity, CDH is a complex disease with a significant impact on patients. As
emphasized throughout this thesis, many aspects of the disease are well understood and
utilized in current practice. Antenatal diagnosis is becoming more frequent and reliable, with
undiagnosed cases generally stemming from unmonitored pregnancies. Major improvements
have been observed not only in the diagnosis but also in the development of numerous
parameters to help clinicians more accurately assess the severity and prognosis of CDH.
Ultrasound is mainly used in current practice due to its quick and accessible nature in most
clinics and hospitals. However, there is an increasing need to complement initial ultrasound
examinations with modern MRI techniques, which offer significant benefits both in
confirming the diagnosis and providing valuable supplementary information for clinicians
[32].

Risk stratification is one of the most debated topics in the antenatal exploration of
CDH. Recent years have seen a decrease in morbidity and mortality due to better diagnosis,
improved ante- and post-natal protocols, and advanced antenatal operative and therapeutic
techniques. This progress is encouraging and indicates tangible improvements in diagnostic
and therapeutic approaches for CDH patients. The most crucial aspect in severity assessment
i1s using appropriate reference values. Anthropometric differences between regions can
significantly alter the severity assessment, and correct classification into severity groups can
change therapeutic management both antenatally and postnatally. It is advisable to conduct
a dedicated study in our country to establish reference values for fetal lung volumes
according to gestational age [12,33-35].

Another crucial factor in risk stratification is the analysis of herniated organs,
particularly the presence of the liver. The liver's presence is a major negative prognostic
factor, critical for antenatal therapeutic management and surgical preparation. Some authors
suggest quantifying the amount of liver ascending into the thorax, as it could be an even
more important prognostic parameter than total lung volume. This raises questions about
whether a large volume of herniated liver results from a small lung volume or vice versa.
These questions need further exploration to better understand CDH [36,37].

The presence of other abdominal organs ascending through the diaphragmatic defect,
especially the stomach, is also vital for operative preparation. The prognostic value of
stomach ascension is debated in the literature. Some believe it's enough to note the stomach's

ascension, while others consider its position relative to the heart more important. Another
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group suggests quantifying the stomach's volume. The common view is that the stomach's
position reflects changes that impact severity more than the stomach itself. Future studies
should explore these aspects in larger patient groups and include postnatal correlation of
antenatal ultrasonographic and MRI findings with surgical or anatomopathologic outcomes
[23,38,39].

Specific ultrasound methods for assessing severity, such as the LHR ratio, are used,
though not as accurate as 3D ultrasound or MRI. MRI will never replace ultrasound as a
screening method, but ultrasound alone is insufficient for a complete malformational
workup. These imaging techniques complement each other, each providing unique
information about patients.

The primary cause of CDH is a diaphragmatic defect, which can only be accurately
assessed by MRI, as ultrasound cannot precisely describe its position and size. Further
studies are needed to understand the ability to assess the defect accurately and its dynamics
throughout gestation. The most important aspect is correlating MRI findings with
intraoperative findings. Our study showed MRI's ability to describe the defect's position and
size, though operative protocols could not be obtained for further correlation. Changes in
thoracic biometry related to severity and mortality were observed, indicating potential future
elements for risk stratification, especially in ultrasound explorations. In MRI or 3D
ultrasound, calculating total lung volumes for risk assessment and subsequent therapeutic
decisions is recommended.

Management and therapeutic decisions should always be tailored to the patient. The
information provided by current imaging scans, whether ultrasound or MRI, is indispensable
and should be obtained as soon as possible after pathology discovery. The timing of the
pathology may influence the multidisciplinary committee's decision to terminate the

pregnancy or attempt a fetoscopic procedure.

11. General conclusions of the thesis

MRI examination has shown an excellent ability to complete the fetal malformation
workup in patients with CDH. We believe that all patients suspected of this pathology should
be further investigated by MRI for diagnostic confirmation. Even if ultrasonographic
examinations are satisfactory, highlighting diaphragmatic organs and accurately calculating

the LHR, an MRI examination is still recommended to complete the diagnosis and assess
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lung volumes. We recommend fetal MRI in all cases, as it represents an essential
investigation in the complete workup of patients suffering from CDH.

For the Romanian population, the predicted lung volume values according to
gestational age provided by the team led by Rypens et al. have proven to be reliable.
Compared to other reference values explored in this thesis, these are the closest to our
population, providing the most accurate severity assessments. This does not demonstrate the
inferiority of other studies but rather highlights the importance of using reference values
tailored to the target population. In the future, conducting a study to establish baseline values
for our population will be a critical step in improving the diagnostic quality of MRI, allowing
for the most accurate severity assessments.

The main advantage of MRI is its excellent ability to measure lung volumes, providing
a highly accurate assessment of the patient's severity. This is a significant advantage over
standard ultrasound. Recent advancements in ultrasound techniques have led to the
development of 3D ultrasound exploration methods, such as the VOCAL technique, which
allows for the calculation of lung volumes. However, these techniques are currently less
accessible in our country compared to MRI. Over time, 3D ultrasound may become more
accessible, but MRI will still offer additional benefits, such as the ability to calculate the
liver volume ascending through the diaphragmatic breach, a critical parameter for
assessment.

One common limitation of MRI is its limited accessibility due to the small number of
centers offering this examination. However, the number of physicians using this examination
has been increasing in recent years. MRI examinations are time-consuming and prone to
motion artifacts, but modern acquisition techniques have shortened examination periods and
greatly reduced motion artifacts.

MRI's ability to assess the size and position of the diaphragmatic defect has been
demonstrated. Although characterizing the diaphragmatic defect is not yet part of the
standard assessment protocol, it should still be investigated. The best way to describe the
diaphragmatic breach in terms of size is still unclear, and there is no standardized
classification. Future studies should focus on developing standardized methods for
measuring and grading these defects, correlating imaging findings with surgical or
pathologic findings. These efforts could significantly impact therapeutic management both
antenatally and postnatally.

Another important finding from this thesis is the greater significance of lung volume

contralateral to the diaphragmatic defect in determining the degree of severity. This
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phenomenon is not fully understood and requires further exploration. Future studies might
change antepartum therapeutic procedures, such as the FETO technique, if it is shown that
improving single lung volume yields greater benefits. With advancements in fetoscopic
techniques and new therapeutic materials, single main bronchial obstruction may become
possible.

Chest biometry is another element significantly affected by CDH. Higher values
compared to reference values were generally observed, likely due to abdominal organs
exerting passive pressure on the rib cage, causing its expansion. The transverse thoracic
diameter appears to be the best biometric index for assessing patient severity, with
significant correlations with both mortality and severity index.

In conclusion, although CDH has been known for a long time, there is still much room
for improvement in its diagnosis and treatment. It is a rare disease, but a major cause of
morbidity and mortality, with patients potentially experiencing sequelae years after surgery.
This thesis demonstrates the evolution of diagnostic techniques and the improvement of
therapeutic approaches, leading to increased survival rates. However, further exploration is

needed to address insufficiently studied elements and improve therapeutic management.
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