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Abstract: Congenital cystic adenomatoid malformation (CCAM) is a rare fetal lung anomaly
characterized by benign multicystic masses that can lead to severe complications, such as
pulmonary hypoplasia, fetal hydrops, and neonatal death. This literature review exam-
ines current knowledge on antenatal therapies for CCAM, focusing on pharmacological,
procedural, and surgical interventions. Betamethasone, the first-line pharmacological treat-
ment, has shown efficacy in reducing lesion size and resolving hydrops, particularly in
microcystic CCAM. Procedural options, such as thoracoamniotic shunting, are effective
for macrocystic lesions but carry risks including preterm labor and thoracic deformities.
Open fetal surgery remains a last-resort intervention for severe cases, while emerging
techniques, like percutaneous laser ablation and sclerotherapy, offer promising minimally
invasive alternatives. A proposed treatment algorithm emphasizes individualized care
based on lesion type, gestational age, and the presence of complications. The authors
searched the US National Library of Medicine Database, Google Scholar, and PubMed
Central to gather information on antenatal therapies for CCAM. This review emphasizes
that, despite significant advancements, considerable challenges persist, underscoring the
need for prospective studies to refine therapeutic protocols and assess long-term outcomes.

Keywords: fetus; congenital cystic adenomatoid malformation; therapy; betamethasone;
thoracoamniotic shunting; laser ablation

1. Introduction
Congenital cystic adenomatoid malformation (CCAM) is an anomaly consisting of

benign, non-functioning multicystic masses that typically appear in a single lobe of the
lung and result from overgrowth of the terminal bronchioles without differentiation of the
epithelial and mesenchymal components [1,2]. It was first described in the literature in
1949 by Ch’In and Tang, who characterized it as a rare cystic hamartomatous lesion [3].
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Despite being one of the most common lung lesions diagnosed prenatally, its prevalence
remains low, ranging from 1 in 8300 to 35,000 live births [4].

The prenatal detection of congenital cystic adenomatoid malformation (CCAM) has
significantly improved with advancements in ultrasonography and fetal imaging tech-
niques, enabling early diagnosis and risk stratification. These diagnostic capabilities have
also facilitated the development of antenatal therapeutic approaches aimed at managing
life-threatening complications, such as hydrops and mediastinal compression, which can
arise in severe cases. Current treatment options include expectant management for stable
lesions and a spectrum of interventions for more complex presentations. Understanding
the indications, outcomes, and limitations of these therapies is essential for optimizing care
and improving prognoses for affected fetuses and their mothers.

2. Materials and Methods
The authors conducted a systematic literature search across the US National Library

of Medicine Database, Google Scholar, and PubMed Central to identify studies addressing
antenatal therapies for CCAM. The search strategy was developed to maximize coverage
and relevance, utilizing a combination of specific and broad terms (i.e., ‘fetus’, ‘congenital
cystic adenomatoid malformation’, ‘congenital cystic adenomatoid malformation therapy’,
‘betamethasone’, ‘thoracoamniotic shunting’, and ‘laser ablation’). These terms are based
on established categories in the literature that classify antenatal therapies into conservative
(e.g., pharmacological interventions such as corticosteroids) and invasive approaches (e.g.,
thoracoamniotic shunting, open fetal surgery, and laser ablation), ensuring alignment with
widely recognized treatment paradigms. Boolean operators (‘AND’, ‘OR’) and quotation
marks were employed to refine the search and ensure the inclusion of studies directly
related to the research objectives.

After the initial search, duplicate records were removed, and a screening process was
applied based on pre-defined inclusion and exclusion criteria. Articles were included if
they were peer-reviewed and focused on antenatal therapeutic interventions for CCAM.
Exclusion criteria comprised studies lacking primary data, case reports without significant
clinical insights, and publications unrelated to the therapeutic management of CCAM. All
but one of the articles were published in English. This article, written in Spanish, was
included due to its publication in a journal widely recognized in South America. The
authors, one fluent in Spanish, deemed it unnecessary to exclude this relevant contribution.
Additionally, the UpToDate platform was used as a complementary resource to cross-check
information and ensure coverage of practical clinical perspectives. The references of all
included studies were manually reviewed to identify any relevant articles not captured in
the initial search. This initial search yielded a comprehensive set of articles, eliminating
the need for additional keyword rounds, as no novel therapeutic approaches beyond those
already identified were uncovered during this process.

From this process, 41 articles were selected for inclusion in the review. These arti-
cles were prioritized based on their methodological rigor, publication date (with a focus
on studies published from 2000 onwards), and relevance to key therapeutic modalities.
This systematic approach ensured a comprehensive and reliable synthesis of the existing
evidence on antenatal therapies for CCAM. Additionally, while this article is a literature
review, we have included original ultrasonographic images produced by the authors to
visually exemplify key anatomical features and complications of CCAM. These images
serve as illustrative support to the findings discussed in the reviewed literature.
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3. Diagnosis and Classification
Early detection is essential for prenatal and postnatal follow-up and is directly re-

lated to lesion size, degree of mediastinal deviation, fetal hemodynamics, and associated
anomalies [5]. Prenatal diagnosis of CCAM is based on ultrasound findings (Table 1), most
commonly detected in the second trimester of pregnancy and classified into three subtypes
according to Stocker [5,6] (Table 2 and Figure 1). Although magnetic resonance imaging
(MRI) has high sensitivity and specificity for detecting lung lesions, it has not been shown
to add diagnostic or prognostic value over ultrasound [4] (Figure 2).

Table 1. Most prevalent sonographic changes in the prenatal diagnosis of congenital adenomatoid
cystic malformation.

Cysts in the lungs
Mediastinal shift
Hyperechogenic lung area
Polyhydramnios
Increased lung volume
Solid mass in the lungs
Hydrops

Adapted from Egloff and Bulas [6].

Table 2. Ultrasound classification of congenital adenomatoid cystic malformation subtypes.

Subtypes Main Features

I

MACROCYSTICS
Most common incidence: 50–70%

Composed of large anechoic cysts, single or multiple, >5 mm
In general, it has a good prognosis

II

MIXED
15–30% incidence

Presence of solid and cystic components
Associated with other systemic anomalies (examples: renal

agenesis, hydrocephalus,
diaphragmatic hernia, jejunal atresia, tetralogy of Fallot)

The prognosis depends on the associated anomalies

III

MICROCYSTICS
Incidence of 5–10%

Appearance of a hyperechogenic, homogeneous mass composed
of cystic lesions < 5 mm

Its most commonly cause mediastinal deviation
Poor prognosis

Adapted from Egloff and Bulas [6].
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Figure 2. Magnetic resonance imaging T2-weighted of a fetus with congenital adenomatoid cystic
malformation subtype III in sagittal view (black arrow) (A) and axial view (red arrow) (B). Heart
(blue arrow) Source: the authors.

In the general prognosis of CCAM, the size of the lesions and the underlying growth
characteristics are more relevant than the histologic type. Recent studies are consis-
tent with the literature and show that lung masses reach their maximum size between
24 and 28 weeks of gestation [4]. The microcystic subtype, which corresponds to a solid
echogenic mass, tends to regress spontaneously after 26 to 28 weeks of gestation. However,
the macrocystic subtype, which presents with single or multiple cysts 5 mm or larger in di-
ameter, usually does not regress because of fluid accumulation within the cysts, resulting in
an increased risk of pulmonary hypoplasia, pleural effusion, fetal hydrops, and subsequent
fetal death [7] (Figure 3).
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In 2002, it was hypothesized that the volume of the lesion could predict whether
hydrops would occur, and the CCAM volume ratio (CVR) was developed, which is cal-
culated by measuring the three dimensions of the lung lesion using the formula for the
volume of a prolate ellipse (length × width × height × 0.52) and dividing by the fetal head
circumference [8]. A CVR > 1.6 is considered predictive of the risk of hydrops and neonatal
complications, while a CVR < 0.9 indicates a favorable prognosis [5]. Recently, some au-



Women 2025, 5, 7 5 of 14

thors have recommended the initiation of therapy in fetuses with CCAM with a CVR > 1.4,
because in some cases, lesions with a CVR of 1.4 will increase to 1.6 in approximately 7 to
14 days [9] (Figure 4).
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Antenatal interventions for CCAM are indicated taking into account gestational age,
size of the lung lesion, presence of fetal hydrops and maternal comorbidities. Given that
the best treatment for fetuses diagnosed with high-risk CCAM is still controversial, this
review of the literature on the most relevant antenatal therapies is timely.

4. Types of Antenatal Therapy in Congenital Pulmonary Cystic
Adenomatoid Malformation
4.1. Maternal Administration of Betamethasone

The maternal use of corticosteroids has been performed in pregnancies with CCAM
in an attempt to reduce the size of the lesion and reverse fetal hydrops. Although the
mechanism is still unknown [10], corticosteroids are considered the first-line treatment for
CCAM [8]. Two doses of 12 milligrams (mg) of betamethasone are given intramuscularly
(IM) 24 h apart. Proposed mechanisms of action include the induction of maturation
of pulmonary cells, which directly affects the size and growth of lung lesions, or direct
impairment of lesion size and growth [11]. The corticosteroid cycle is indicated in patients
with gestational age < 32 weeks with hydropic fetuses or at risk of developing hydrops
due to CVR > 1.6 [5]. Curran et al. [12] evaluated the effect of prenatal use of a single
cycle of steroids in patients with predominantly microcystic lesions and/or a CVR > 1.6.
Lesion reduction was observed in 61% of the cases, and fetal hydrops was resolved in 78%.
The neonatal survival rate is approximately 85%. Recent studies suggest the therapeutic
benefit of single or multiple courses of steroids in microcystic CCAM, showing resolution
of hydrops in 80% of cases [1]. Studies have also shown that fetuses with microcystic
lesions respond better to treatment with betamethasone than fetuses with macrocystic
lesions [13–15].

In a retrospective study, a significant number of fetuses with CCAM who did not
respond to the first cycle of corticosteroids stabilized or improved after receiving 2 or
3 courses of betamethasone with a mean interval of 2 weeks between administrations,
which is indicated in cases of high CVR, lesion growth, or persistent hydrops [5]. An
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integrative review that analyzed 4 retrospective descriptive observational studies showed
that the group of fetuses that received only one course of corticosteroids had a 70% rate of
resolution of hydrops and a survival rate of 83.8%, while fetuses treated with 2 or more
courses had an improvement in hydrops in 47% of cases and a survival rate of 81.8% [6].

Furthermore, findings from a multicenter, double-blinded, randomized controlled
trial revealed that reductions in birth weight and an increase in small for gestational age
newborns were observed only when 4 or more courses of antenatal betamethasone were
administered [16]. This underscores the safety of repeating prenatal corticosteroid courses
under controlled circumstances [17]. However, some authors suggest that the use of
corticosteroids may have no effect on CCAM, as the growth of pulmonary lesions tends to
stabilize around 26–28 weeks of gestational age, which coincides with the time of maternal
betamethasone administration [5,18].

4.2. Thoracoamniotic Shunting

Thoracoamniotic shunts have been used to treat fetal lung anomalies and to relieve
fetal pulmonary effusions that are rapidly growing or at risk of causing hydrops and/or
pulmonary hypoplasia [3]. Thoracoamniotic shunts have been shown to reduce the amount
of pleural effusion and the size of the cystic mass (in macrocystic CCAM), thereby achieving
resolution of hydrops and improving neonatal survival, morbidity, and mortality [9]. In
cases of associated congenital anomalies, genetic analysis by microarray and/or exome is
required prior to surgical treatment of CCAM.

Thorpe-Beeston et al. [19] emphasized that thoracoamniotic shunting, a minimally
invasive approach for draining large cysts that cause mediastinal shift and contralateral
lung compression, has been associated with favorable clinical outcomes. However, despite
its benefits, this procedure carries notable risks. Thoracoamniotic shunt is an invasive
intrauterine procedure that can be associated with the risk of maternal complications,
such as infection, maternal vascular damage, uterine hematoma, and shunt implantation
in the uterine wall, as well as fetal complications, such as premature rupture of ovular
membranes (PROM), preterm birth, bradycardia, umbilical cord occlusion, umbilical cord
trauma, shunt lodgment in the chest, traumatic hemothorax, unilateral arm edema, chest
wall deformity, and fetal demise [20]. Additionally, thoracic deformities have been reported
as a complication related to the procedure. Evidence suggests that the severity of these
deformities may be linked to shunting performed at earlier gestational ages (≤21 weeks),
possibly because the rib cage is smaller and more flexible at this developmental stage [20].
Thoracoamniotic shunts may also dislodge, migrate, or occlude, requiring reinsertion
(10–20%).

Nevertheless, in cases of prenatal thoracic anomalies associated with hydrops, with
large or rapidly growing lesions, thoracoamniotic shunting has been shown to markedly
enhance perinatal survival rates [21]. The effectiveness of thoracoamniotic shunting in
draining dominant macrocysts in complex subtype I CCAM has been consistently high-
lighted in various cohort studies and case reports [22,23]. Wilson et al. [22] performed a
retrospective analysis to assess thoracoamniotic shunt placement as a treatment option for
primary pleural effusion or macrocystic CCAM in fetuses presenting with hydrops or a
high risk of pulmonary hypoplasia. In cases of hydrops prior to shunting, in utero shunt
therapy resolved hydrops in 7 out of 9 fetuses (78%). Perinatal mortality rates were 33% in
the pleural effusion group and 30% in the CCAM group. The study found no significant
differences in gestational age at the time of shunting or in CCAM volume and lesion later-
ality between survivors and non-survivors. However, a clinically significant reduction in
CCAM mass volume and CVR was observed following shunting [22] (Figure 5).
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4.3. Open Surgery

Open fetal surgery represents a groundbreaking treatment approach for fetuses di-
agnosed with CCAM complicated by significant non-immune hydrops. This approach is
generally reserved for cases where conservative methods, such as thoracentesis or thora-
coamniotic shunting, fail to yield improvement. Key factors influencing the decision to
undertake open fetal surgery include the size and type of the lesion, as well as the presence
of fetal hydrops [24].

The first successful cases of open fetal surgery for CCAM were documented in 1990.
These involved surgical removal of the affected pulmonary lobes in two fetuses. In one
instance, surgery performed at 23 weeks of gestation resulted in the delivery of a healthy
newborn at 30 weeks, with no signs of pulmonary hypoplasia. Conversely, the second case,
which involved a fetus with severe hydrops, ended in preterm birth and neonatal death.
These contrasting outcomes highlight the importance of early intervention, preferably
before the development of placentomegaly, severe hydrops, or maternal complications, like
mirror syndrome, to optimize success rates [25].

A common surgical method involves accessing the fetal chest through a thoracotomy
at the 5th intercostal space to remove the affected pulmonary lobe(s). Adapted from experi-
mental models, this technique effectively decompresses the lesion, alleviating intrathoracic
pressure and facilitating the expansion of the normal lung. Post-surgery, meticulous closure
of both fetal and maternal incisions, along with the introduction of a warmed antibiotic
solution into the amniotic sac, promotes favorable recovery outcomes [25].

Open fetal surgery for severe CCAM with hydrops carries significant risks, including
preterm birth, PROM [26], pulmonary edema, and the need for transfusion [27]. Addi-
tionally, it poses long-term complications, such as an elevated risk of preterm delivery
(22%) and uterine rupture (14%) in subsequent pregnancies [28]. These substantial risks
highlight the importance of exploring alternative, minimally invasive treatment approaches
for these life-threatening lung lesions. Nevertheless, despite its challenges, open fetal
surgery remains a potentially life-saving option for cases of severe CCAM complicated by
hydrops. Carefully selected cases have shown promising outcomes, including long-term
survival and significant compensatory growth of the remaining hypoplastic lung tissue.
To ensure the best results, a thorough preoperative evaluation is essential. This includes
karyotype analysis and advanced imaging to rule out any additional anomalies. Such
assessments help identify appropriate candidates for the procedure and allow families
to make informed decisions by clearly understanding the associated risks and potential
benefits of this complex intervention [25,29].
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Considering the high perioperative mortality rate linked to lobectomy, open fetal
surgery for treating CCAM with hydrops is more invasive and demanding compared to
less invasive therapies. However, surgical removal of the tumor mass provides a definitive
treatment, and fetuses who survive the immediate postoperative period generally have a
favorable recovery [30].

4.4. Percutaneous Laser Ablation

Although open fetal lobectomy can enhance perinatal outcomes, its survival rate
remains relatively low, with success reported in only up to 50% of cases. Additionally, open
fetal surgery is linked to considerable maternal health risks, including complications from
uterine scarring, hemorrhage, hysterectomy, and placental abruption. For the fetus, such
procedures also increase the likelihood of prematurity and infection [22,31,32].

To minimize these risks, less invasive treatment options have been developed, with
intra-fetal laser therapy being one potential approach. The use of laser therapy was first
documented by Fortunato et al. [33] in 1997. Building on this foundation, Ruano et al. [34],
in a six-year retrospective study, investigated the use of percutaneous laser therapy in
fetuses with microcystic lung lesions associated with hydrops. Their research compared
two laser ablation techniques: ‘interstitial’ ablation and ‘vascular’ ablation. The results
indicate that vascular ablation is a viable, less invasive solution for hydropic fetuses
with bronchopulmonary sequestration. However, for hydropic fetuses with microcystic
CCAM, interstitial laser ablation was found to be less effective. These findings underscore
the importance of tailoring treatment strategies to the specific characteristics of the fetal
lung anomaly.

Ong et al. [35] reported a successful outcome following laser therapy in a case involv-
ing a fetal microcystic lung lesion. While it is difficult to draw definitive conclusions from a
single case, their findings suggest that laser treatment in a hydropic fetus with microcystic
lung disease is a justified option in carefully selected cases. They emphasize that the
primary objective of laser therapy should not be the aggressive destruction of the lesion
but rather its size reduction, allowing the natural progression of the disease process and
eventual regression of the lesion. Ong et al. [35] advocate for a cautious and conservative
approach, highlighting the importance of carefully determining the target dose, selecting
the appropriate method of administration, and avoiding repeated treatments (Figure 6).
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Figure 6. Percutaneous laser ablation in a case of congenital adenomatoid cystic malformation
subtype III no responsive to betamethasone treatment. (A) Fiber of laser (blue circle); (B) Gauge 18
needle entering the lung mass (yellow arrow); (C) Laser shot in the middle of the lung mass (red
arrow). Source: the authors.

Similarly to laser ablation, Klinkner et al. [36] reported the successful use of ultrasound-
guided radiofrequency ablation in a 21-week gestation hydropic fetus with CCAM, resulting
in the resolution of hydrops. Despite persistent mediastinal shift and polyhydramnios
noted later in pregnancy, maternal gestational hypertension led to delivery at 37 weeks via
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Cesarean section. Postnatally, the infant experienced respiratory distress and underwent a
thoracoscopic right lower lobectomy on day 3 of life due to large cysts and pneumothorax.
Recovery was uneventful, with the infant discharged on room air by postoperative day
11. Pathology confirmed a type 1 CCAM. The study highlights in utero radiofrequency
ablation as a potential adjunct for managing large CCAM cases.

4.5. Percutaneous Sclerotherapy

As a new therapeutic option, percutaneous sclerotherapy may be indicated for large
microcystic CCAM in hydropic fetuses that have not responded to the use of corticosteroids.
There is limited experience in the literature, and studies have reported relevant side effects,
including pain, pruritus, ulceration, hyperpigmentation, nausea/vomiting, headache,
thrombophlebitis, deep vein thrombosis, and anaphylaxis [21].

In one case report, the fetus had a solid microcystic CCAM involving the right lung
measuring 48 × 40 × 46 mm (mm) with a CVR of 2.39 associated with mediastinal shift
and hydrops (ascites and nuchal edema). Three cycles of betamethasone were administered
without improvement of the hydrops. Percutaneous sclerotherapy (2 milligrams of 3%
sodium tetradecyl sulfate) of the lesion was then indicated, resulting in a significant
improvement in fetal hemodynamics within 4 days [21]. In another study of 8 hydropic
fetuses diagnosed with CCAM, 3 with microcystic lesions and 5 with mixed lesions, the
hydrops resolved between 4 days and 6 weeks, and all were born at term. However, one
infant was reported to have died from nosocomial sepsis, and one of the fetuses developed
recurrent hydrops within 3 weeks [1].

Percutaneous sclerotherapy has been more commonly used in CCAM with pulmonary
sequestration associated with hydrops, resulting in sclerosis of the feeding vessel and a
dramatic reduction in hydrops; however, there are risks, such as dissemination of sclerosant
and adhesions [34].

5. Treatment Algorithm
An algorithm for managing fetuses diagnosed with CCAM has been proposed by

Adzick et al. [24]. The management begins with an initial assessment to verify the diagnosis
and evaluate any associated complications. This involves a detailed ultrasound to confirm
the diagnosis, followed by amniocentesis or percutaneous umbilical blood sampling to
exclude chromosomal abnormalities, and a fetal echocardiogram to identify any congenital
heart conditions [29].

If a life-threatening anomaly is detected in the fetus or if the mother develops mirror
syndrome, the family may choose to terminate the pregnancy due to the substantial risks
involved. In cases of isolated CCAM, a thorough evaluation is conducted to assess the
severity of the condition, which can vary significantly. When the fetus is not hydropic, the
management approach focuses on ongoing surveillance through regular ultrasound scans
throughout the pregnancy. Many lesions may remain stable or even shrink over time, and
in these cases, the emphasis shifts to preparing for optimal care following birth. These
cases often have favorable outcomes, and surgical intervention can typically be postponed
until after delivery.

In cases where fetuses present with hydrops at the time of diagnosis or develop
hydrops later, a more aggressive approach to management is required, with the treatment
plan largely influenced by the fetus’s gestational age. For fetuses older than 32 weeks,
early delivery may be considered to facilitate postnatal removal of the lesion. However,
the outlook for neonates in these situations is often poor. To improve survival outcomes,
an ex utero intrapartum therapy (EXIT) procedure may be utilized [37]. This innovative
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technique allows for the removal of the lesion while maintaining placental support, helping
to stabilize the newborn and ensuring a smoother transition to independent breathing [29].

For hydropic fetuses under 32 weeks of gestation, prenatal intervention may be
considered to manage the lesion. The development or progression of hydrops associated
with isolated CCAM before lung maturity often necessitates the evaluation of fetal surgery.
While fetal thoracentesis can temporarily relieve fluid accumulation, its effectiveness is
limited by the rapid reaccumulation of cystic fluid and does not significantly improve long-
term outcomes. Thoracoamniotic shunting is a viable treatment option for cases involving
a large, predominantly cystic lesion, provided there is no significant solid component to
the CCAM [38,39]. In contrast, CCAM lesions that are multicystic or primarily solid do not
respond well to catheter-based decompression and generally necessitate surgical removal.
For these situations, fetal lobectomy is considered a practical treatment option [24].

This algorithm underscores the importance of individualized care, with decisions
tailored to the severity of the condition, the presence of complications, and the gestational
age. Figure 7 summarizes this structured approach, providing a clear visual representation
of the key decision points and management pathways.
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For surgical treatment of CCAM, the anesthetic approach plays a critical role. Gupta
et al. [40] conducted an extensive review, highlighting valuable insights. One notable
procedure is fetal in utero lobectomy, typically performed during mid-gestation. Following
the surgery, the fetus is returned to the uterus to continue developing until term. They
referenced Harrison et al. [25], who performed the first open fetal surgery in 1990. In that
case, the mother received preoperative indomethacin and nafcillin. General anesthesia
aimed to maintain uteroplacental blood flow by ensuring uterine relaxation through deep
inhalational anesthesia, coupled with amnio-infusion to sustain uterine volume. Intraop-
erative fetal monitoring was achieved via electrocardiography and neonatal radial artery
pulse oximetry. A thoracotomy through the right fifth intercostal space enabled resection
of the large middle lobe CCAM. The procedure concluded with the administration of
500 mg of nafcillin into the amniotic cavity and meticulous closure of uterine layers. EXIT
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procedures, involving fetal thoracotomy and lobectomy, are typically reserved for fetuses
with large malformations, severely compromised airways, or hydrops. These interventions
are performed before umbilical cord clamping. However, complications can arise during
EXIT procedures, including cord compression, placental abruption, or loss of uterine re-
laxation. In some cases, the neonate may require extracorporeal membrane oxygenation
(ECMO) postoperatively.

Although various treatment options are well-documented in the literature, a re-
cent prospective cohort study provides further insights. This study analyzed data from
435 singleton fetuses prenatally diagnosed with CCAM, drawn from a nationally repre-
sentative cohort across 35 multidisciplinary prenatal diagnosis centers in France between
March 2015 and June 2018. Among these cases, 6% of the fetuses underwent at least one
form of fetal therapy, including thoracoamniotic shunts, antenatal steroids, or a combina-
tion of interventions, such as thoracentesis, amniodrainage, shunts, and steroids. Notably,
fetuses receiving these treatments displayed more severe signs of compression and higher
CVR values during pregnancy compared to those who did not undergo therapy [41]. These
findings emphasize the challenges in evaluating fetal therapy outcomes for CCAM and call
for further studies to refine treatment strategies and assess their long-term efficacy.

6. Conclusions
The management of CCAM has witnessed significant advancements, transforming

a once predominantly fatal condition into one with a spectrum of antenatal therapeutic
options. From pharmacological interventions, like betamethasone, to procedural tech-
niques, such as thoracoamniotic shunting, percutaneous sclerotherapy, and open fetal
surgery, these treatments provide hope for improved survival and quality of life in affected
fetuses. However, each approach comes with distinct benefits and limitations, requiring
precise patient selection, careful timing, and interdisciplinary collaboration to achieve
optimal outcomes.

While antenatal corticosteroids remain a cornerstone for managing high-risk micro-
cystic lesions, interventions, such as thoracoamniotic shunting and open fetal surgery,
play crucial roles in addressing macrocystic lesions and severe cases with hydrops. Novel
approaches, including percutaneous sclerotherapy, offer promise but require further inves-
tigation to establish safety and efficacy. The natural course of CCAM lesions and the risks
associated with invasive procedures highlight the importance of ongoing monitoring and
individualized treatment planning.

Looking forward, there is a pressing need for comprehensive prospective studies to
refine therapeutic protocols and establish clearer guidelines for antenatal management.
Long-term follow-up studies will be instrumental in understanding the broader impact
of these therapies on respiratory function, development, and overall health. Furthermore,
innovations in minimally invasive techniques and pharmacological strategies hold the
potential to further enhance outcomes while minimizing risks.

The evolution of CCAM management underscores the importance of a multidisci-
plinary approach, bringing together expertise in maternal-fetal medicine, pediatric surgery,
and neonatology. As research continues to advance, these collaborations will pave the way
for even greater strides in the care of this complex and challenging condition.
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