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Abstract

Fetal magnetic resonance imaging (MRI) has emerged as an important adjunct to
ultrasonography in the prenatal evaluation of congenital anomalies that may require
surgical intervention after birth. While ultrasound remains the primary screening modality
in prenatal imaging, fetal MRI provides superior soft-tissue contrast, multiplanar capability
and improved visualization in cases where ultrasound assessment is limited. This review
summarizes the role of fetal MRI in prenatal surgical planning across major organ
systems, including congenital diaphragmatic hernia, myelomeningocele, sacrococcygeal
teratoma, thoracic anomalies, abdominal wall defects and genitourinary malformations.
MRI contributes not only to improved anatomical characterization but also to prognostic
assessment, delivery planning and preparation for postnatal surgical management. In
addition, MRI findings facilitate multidisciplinary decision-making and more accurate
parental counselling. With continuing advances in imaging technology and increasing
clinical experience, fetal MRI has become an essential complementary tool in modern
prenatal care for surgical conditions.
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Introduction

Advances in prenatal imaging have significantly improved
the early detection and management of congenital anomalies.
Ultrasonography remains the cornerstone of prenatal screening and
diagnosis; however, certain conditions require additional imaging
to clarify complex anatomy and improve prognostic assessment.'.
Fetal magnetic resonance imaging (MRI) has increasingly become an
important complementary modality in such situations.>

Fetal MRI provides several advantages over ultrasound, including
excellent soft-tissue contrast, a large field of view and multiplanar
imaging capability. These features improve visualization of fetal
structures and better characterize anomalies when ultrasound
findings are inconclusive. MRI is particularly useful when ultrasound
evaluation is limited by oligohydramnios, maternal obesity, or
unfavorable fetal position.?

Typically performed after 18-20 weeks of gestation, fetal MRI
uses ultrafast imaging sequences that minimize motion artifacts
caused by fetal movement. Importantly, MRI does not require ionizing
radiation or intravenous contrast agents and large population studies
have demonstrated no association between prenatal MRI exposure
and adverse childhood outcomes.*

This synthesis focuses specifically on how fetal MRI informs
surgical planning rather than simply confirming diagnoses, highlighting
clinical scenarios where MRI influences decision-making (Figure 1).
Conditions in which MRI findings directly influence decisions about
fetal intervention, delivery timing and mode, surgical approach and
postnatal management have been examined, to provide paediatric
surgeons with practical guidance on when to request fetal MRI and
how to interpret its findings in the context of surgical planning. The
major congenital anomalies in which fetal MRI contributes to prenatal
surgical planning have been summarized in Table 1.

Table | Major congenital anomalies where fetal MRI contributes to prenatal surgical planning

Congenital condition Key MRI findings

Clinical relevance

Congenital diaphragmatic hernia (CDH) herniati
erniation

Myelomeningocele

Sacrococcygeal teratoma (SCT)

Congenital pulmonary airway
malformation (CPAM)

Airway-compressing cervical masses Airway compression, tracheal displacement
Abdominal wall defects
Gastrointestinal obstruction Dilated bowel loops, level of obstruction

Genitourinary anomalies

Total fetal lung volume (TFLV), o/e lung volume ratio, liver

Spinal defect level, Chiari Il mal formation, ventriculomegaly
Tumor size, intrapelvic extension, solid vs cystic components

Lesion volume, cystic/solid morphology, mediastinal shift

Herniated organs, bowel dilation, liver involvement

Bladder distension, hydroureteronephrosis, renal dysplasia

Prognosis of pulmonary hypoplasia, selection for fetoscopic endoluminal
tracheal occlusion (FETO), delivery planning

Selection for fetal surgery and prediction of neurological outcomes
Tumor staging (Altman classification), surgical planning, delivery planning
Hydrops risk prediction and postnatal surgical planning

Planning ex-utero intrapartum treatment (EXIT) procedure
Identification of complex defects and neonatal surgical planning
Localization of obstruction and postnatal surgical preparation

Assessment of renal prognosis and planning fetal/postnatal intervention

This table summarizes major congenital anomalies in which fetal MRI provides critical information for prenatal surgical planning. The listed MRI findings assist
clinicians in anatomical characterization, prognostic assessment, multidisciplinary decision-making, delivery planning and preparation for postnatal surgical

management
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Figure L. Clinical decision algorithm for ordering fetal MRI in surgical planning
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Figure | Clinical decision algorithm for ordering fetal MRI in surgical planning.

The algorithm illustrates key clinical scenarios in which fetal MRI should be
considered following the detection of a congenital anomaly on ultrasound.
MRl is recommended when ultrasound evaluation is limited (oligohydramnios,
maternal obesity, or complex/unclear anatomy), when additional prognostic
information is required for counselling, or when fetal intervention is being
considered. In simple, well-characterized anomalies, continued ultrasound
surveillance may be sufficient.

Technical aspects of fetal MRI

Modern fetal MRI relies primarily on rapid T2-weighted imaging
techniques such as single-shot fast spin-echo (SSFSE) or half-Fourier
acquisition single-shot turbo spin-echo (HASTE) sequences, which
enable rapid image acquisition and reduce motion artifacts.’

MRI examinations are typically performed on 1.5-T or 3-T
scanners with the mother positioned supine or in the left lateral
decubitus position to avoid inferior vena cava compression in
advanced pregnancy.® Multiplanar imaging allows detailed evaluation
of fetal organs and anatomical relationships. Three-dimensional
reconstruction techniques can further enhance anatomical
understanding and assist in surgical planning.’

T1-weighted sequences provide complementary information in
specific situations. The fetal liver normally appears hyperintense
due to high iron content, while meconium within the bowel becomes
hyperintense after approximately 20 weeks of gestation.® Unlike
ultrasound, MRI image quality is largely unaffected by maternal
body habitus or reduced amniotic fluid volume, making it particularly
valuable in challenging imaging conditions.’

The complementary strengths of ultrasound and fetal MRI across
different fetal organ systems have been summarized in Figure 2.

Congenital diaphragmatic hernia: the paradigm for
MRI-guided surgical planning

Congenital diaphragmatic hernia (CDH) exemplifies how fetal
MRI has transformed prenatal surgical assessment. While ultrasound
readily diagnoses CDH by showing abdominal contents in the chest,
MRI provides critical prognostic information that guides the entire
management strategy.
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Figure 2. Comparative Advantages: Ultrasound vs Fetal MRI by Organ system
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Figure 2 Comparative advantages of ultrasound versus MRI by organ system.

Comparative matrix showing relative strengths and limitations of ultrasound
and MRI across different fetal organ systems and imaging characteristics.
Green checkmarks indicate excellent performance; yellow circles indicate
adequate performance; red crosses indicate significant limitations. This
matrix demonstrates the complementary roles of both modalities in prenatal
diagnosis, with MRI particularly advantageous in settings of oligohydramnios,
maternal obesity, and when superior soft tissue contrast is required for
surgical planning.

The key contribution of MRI in CDH is lung volume measurement.
Multiple studies have demonstrated that total fetal lung volume (TFLV)
and the observed-to-expected lung volume ratio (o/e TFLV) are
powerful predictors of neonatal survival and need for extracorporeal
membrane oxygenation (ECMO).'"' Fetuses with o/e TFLV below
25% have significantly worse outcomes than those with values above
this threshold. This information allows for more accurate parental
counselling and helps tertiary centres prepare appropriate resources. '
The prognostic role of fetal MRI in congenital diaphragmatic hernia
have been illustrated in Figure 3.

Fetal MRI in Congenital Diaphragmatic Hernia
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Figure 3 Fetal MRI findings in congenital diaphragmatic hernia with
prognostic stratification

Schematic comparison of normal fetal thorax (left panel) versus left-sided
congenital diaphragmatic hernia on fetal MRI (right panel). Key anatomical
features and measurements are annotated, including herniated abdominal
contents, compressed ipsilateral lung, mediastinal shift, and liver position.
The prognostic information box displays observed-to-expected total fetal
lung volume (o/e TFLV) thresholds that predict neonatal survival and need
for Extracorporeal Membrane Oxygenation (ECMO) support, demonstrating
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how quantitative MRl measurements directly inform surgical planning and
parental counselling.

Beyond volumetry, MRI provides superior characterization of liver
position. Whether the liver is intrathoracic or remains intra-abdominal
is a major prognostic factor, with liver herniation associated with more
severe pulmonary hypoplasia and worse outcomes.'* The multiplanar
capability of MRI allows precise assessment of liver position when
ultrasound findings are equivocal, particularly in right-sided CDH,
where liver echogenicity mimics lung tissue.

Serial fetal MRI examinations can track lung growth over time.
Recent studies have shown that fetuses with poor interval lung growth
between the second and third trimester scans have worse outcomes
than those maintaining growth velocity.'>!¢ This dynamic assessment
helps refine prognosis and allows for individualized counselling as
pregnancy progresses.

The MRI findings in CDH directly influence several clinical
decisions. Fetuses with severe pulmonary hypoplasia may be
candidates for fetal endoscopic tracheal occlusion (FETO) at
specialized centres.!”” For those managed expectantly, predicted
severity guides delivery planning, severely affected fetuses should be
delivered at centres with ECMO capability and experienced surgical
teams. Postnatal management, including timing of surgical repair and
need for delayed versus early surgery, can be anticipated based on
prenatal MRI assessment of disease severity.

Myelomeningocele: MRI in the fetal surgery era

The Management of Myelomeningocele Study (MOMS trial)
demonstrated that prenatal repair of myelomeningocele improves
outcomes compared to postnatal surgery, reducing the need for
ventriculoperitoneal shunting and improving motor function.' This
breakthrough has made fetal MRI indispensable in the evaluation and
management of fetuses with spinal dysraphism.

Ultrasound determines the spinal level of the defect and assesses for
hindbrain herniation, but MRI provides a more detailed neurological
assessment crucial for candidacy determination and surgical planning.
MRI clearly demonstrates the degree of Chiari II malformation,
showing cerebellar herniation, tectal beaking and the configuration
of the posterior fossa.'” These findings help predict which fetuses will
benefit most from prenatal intervention.

A critical role of MRI is detecting associated brain anomalies
that might influence the decision for fetal surgery. Corpus callosum
abnormalities, gray matter heterotopia and severe ventriculomegaly
are better visualized on MRI than ultrasound.”” Recent studies have
shown that fetuses with these additional findings may have less
favourable outcomes even after prenatal repair, information that must
be incorporated into counselling.?!

The size and configuration of the myelomeningocele sac itself
influence the surgical approach. Large defects may require tissue
matrix for closure, while smaller defects can often be closed
primarily. The multiplanar imaging of MRI allows surgeons to plan
their approach and anticipate technical challenges.

For fetuses undergoing prenatal myelomeningocele repair, MRI
plays a unique role in post-procedural assessment. Follow-up MRI
performed 2-4 weeks after fetal surgery can document reversal of
hindbrain herniation, which occurs in approximately 30-40% of
cases.”? The presence or absence of this reversal provides early
prognostic information about the need for postnatal shunting.
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MRI findings also guide postnatal management. Knowing the
exact level and extent of the defect helps neonatal teams prepare
for specific functional deficits. Associated findings like tethered
cord, syringomyelia or hydrocephalus can be anticipated, ensuring
appropriate monitoring and timely intervention when needed.

Sacrococcygeal teratoma: defining extent and guiding
delivery

Sacrococcygeal teratoma (SCT) is the most common tumour
in newborns and fetal MRI has proven invaluable in its prenatal
assessment. While ultrasound identifies the mass and can characterize
its cystic versus solid components, MRI provides superior definition
of intrapelvic and intra-abdominal extension, information critical for
surgical planning.

The Altman classification divides SCT into four types based on
whether the tumor is external or internal.>® Type I tumors are almost
entirely external, Type II tumors have significant but smaller internal
components, Type III tumors are primarily internal with external
extension and Type IV tumors are entirely presacral. Surgical approach,
operative time and risk of complications vary significantly among
these types. Studies have shown that ultrasound misclassifies tumour
type in up to 36% of cases, whereas MRI achieves nearly perfect
concordance with surgical findings.** The intrapelvic component is
particularly important for surgical planning. Tumors extending into
the pelvis can compress the bladder, rectum, or ureters, potentially
causing hydronephrosis or bowel obstruction. Intraspinal extension,
though rare, must be ruled out as it significantly complicates surgical
management. The ability of MRI to visualize these structures without
obstruction from pelvic bones makes it the superior modality for this
assessment.

Tumour content characterization by MRI helps predict operative
challenges. Highly vascular tumours demonstrate flow voids on MRI
sequences and may require preoperative embolization or careful
vascular control during surgery. Predominantly cystic tumours, while
often benign, can be large and may compress adjacent structures.
Solid components raise concern for immature or malignant elements,
though histologic diagnosis ultimately requires pathology.

MRIfindings directly influence delivery planning for SCT. Tumours
larger than 5 cm typically mandate caesarean delivery to prevent
tumour rupture, which can cause life-threatening haemorrhage.”
The degree of vascularity and presence of placentomegaly or fetal
hydrops indicate high-output cardiac failure, prompting delivery at
a tertiary centre with paediatric surgery, cardiovascular surgery and
neonatology immediately available.

For the wunusual circumstance where fetal intervention is
considered, such as radiofrequency ablation for growing tumours
causing hydrops, MRI provides detailed anatomical mapping of
feeding vessels and tumour characteristics that guide the procedure.

Thoracic anomalies beyond CDH

The fetal thorax contains several lesions that may require postnatal
surgery and MRI excels at characterizing these masses and their
physiologic impact. Congenital pulmonary airway malformation
(CPAM), bronchopulmonary sequestration and mediastinal masses
each have specific MRI features that guide management.

CPAM appears as a hyperintense lung mass on T2-weighted
imaging, with appearance varying from macrocystic (few large cysts)
to microcystic (numerous small cysts appearing solid). The CPAM
volume ratio (CVR), calculated by dividing the lesion volume by head
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circumference, predicts the risk of hydrops. Lesions with CVR greater
than 1.6 have a higher risk and may require fetal intervention or close
surveillance.? MRI provides more accurate volume measurements
than ultrasound, particularly for lesions in locations difficult to access
sonographically.

Bronchopulmonary sequestration typically appears as a
homogeneous, well-defined mass with T2 signal similar to or slightly
higher than normal lung.?’” While ultrasound with colour Doppler can
sometimes demonstrate the systemic arterial supply, MRI can confirm
the diagnosis and clearly show the mass effect on adjacent structures.
This information helps surgeons plan the operative approach and
anticipate the vascular pedicle that must be ligated.

Masses causing airway obstruction, such as cervical teratomas,
lymphatic malformations, or thyroid goitres, may require ex utero
intrapartum treatment (EXIT) procedures to secure the airway before
the placenta is separated.”® MRI provides crucial information about
the degree of airway compression, the presence of polyhydramnios
(suggesting oesophageal obstruction) and the precise anatomy of
the mass. This allows the multidisciplinary team to plan the EXIT
procedure in detail, determining the type of airway intervention
needed (intubation versus tracheostomy) and positioning the surgical
team appropriately.

Abdominal Wall
Anomalies

Defects and Gastrointestinal

Gastroschisis and omphalocele are readily diagnosed by ultrasound
but MRI provides complementary information, particularly relevant
for complex cases. In gastroschisis, MRI can better assess bowel
wall thickness and the presence of bowel dilation, features that may
indicate complex gastroschisis with intestinal atresia or perforation.
This distinction is important as complex cases require different
surgical planning and have a worse prognosis.

For omphalocele, the strength of MRI lies in comprehensive
evaluation for associated anomalies. The cross-sectional nature
of MRI makes it less likely to miss additional findings like cardiac
defects, diaphragmatic hernias or renal anomalies that cluster with
omphalocele.” When the liver is herniated into a large omphalocele,
MRI clearly demonstrates this finding and allows measurement of the
defect size, both factors that influence surgical approach and predict
prolonged respiratory morbidity.

Intestinal obstruction from various causes shows characteristic
findings on MRI. Dilated, fluid-filled bowel loops have a high T2
signal and the level of obstruction can usually be determined.*® The
presence or absence of meconium in the distal colon on T1-weighted
imaging helps distinguish high from low obstruction. For cases where
prenatal diagnosis allows planned delivery at a surgical centre, the
baby can have immediate postnatal evaluation and surgery without the
risks of interhospital transfer.

Congenital abdominal masses, including ovarian cysts, mesenteric
cysts and enteric duplications, are well-characterized on MRI. The
signal characteristics help distinguish simple cysts from complex
masses, guide counselling about the likelihood of spontaneous
resolution versus the need for surgery and alert the surgical team to
prepare for intervention if the mass is large or causing mass effect.

Genitourinary anomalies

The genitourinary system presents unique challenges for prenatal
imaging as oligohydramnios frequently accompanies significant
renal or urinary tract anomalies, limiting ultrasound visualization.
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MRI maintains excellent image quality regardless of amniotic fluid
volume, making it particularly valuable in this setting.

Posterior urethral valves, the most common cause of bladder outlet
obstruction in males, show characteristic features on MRI: thick-
walled dilated bladder, bilateral hydroureteronephrosis and in severe
cases, renal dysplasia.’! MRI allows assessment of renal parenchymal
thickness and cortical differentiation, providing prognostic
information about future renal function.’? This assessment is crucial
when considering fetal intervention such as vesico-amniotic shunting,
as fetuses with severely dysplastic kidneys are unlikely to benefit.

The distinction between obstructive lesions (ureteropelvic junction
obstruction, ureterovesical junction obstruction) and non-obstructive
conditions (multi-cystic dysplastic kidney, polycystic kidney disease)
is often clearer on MRI than ultrasound.*® For unilateral pathology,
MRI provides excellent assessment of the contralateral kidney,
information essential for counselling about long-term renal function
and the need for close postnatal follow-up.

Cloacal malformations and complex anorectal anomalies present
diagnostic challenges prenatally. The multiplanar capability of MRI
allows detailed assessment of pelvic anatomy, helping identify the
confluence of genitourinary and gastrointestinal tracts. Associated
anomalies, including sacral dysgenesis, spinal anomalies and renal
malformations are clearly demonstrated, allowing comprehensive
surgical planning for what will be complex postnatal reconstruction.

Impact on multidisciplinary care and delivery planning

Perhaps the greatest value of MRI lies not in any single anatomical
finding but in how it facilitates multidisciplinary communication
and planning. The cross-sectional images are intuitively understood
by surgeons, neonatologists, anesthesiologists and other specialists
who will care for the newborn. This shared understanding improves
coordination and preparation.

For delivery planning, MRI findings often prove decisive. Mode
of delivery (vaginal versus caesarean) may be influenced by tumour
size, presence of large abdominal wall defects, or need for an EXIT
procedure. Timing of delivery balances fetal maturity against risks of
tumour growth, worsening hydrops, or other complications. Location
of delivery must account for the severity of anticipated pathology.
Highly complex cases require tertiary centres with full paediatric
subspecialty support immediately available.

The postnatal surgical plan can be discussed prenatally with
more precision when the MRI has clearly defined the anatomy.
Surgeons know whether to expect a straightforward repair or
complex reconstruction. They can anticipate the need for prosthetic
materials, special instrumentation or prolonged operative time.
Anaesthesiologists prepare for difficult airways or hemodynamic
instability. The neonatal ICU allocates appropriate resources including
ECMO capability, when predicted.

Parental counselling becomes more accurate and complete with
MRI information. Families can be told not just what is wrong with
their baby, but what to expect for surgery, hospital stay, long-term
outcomes and potential complications. This allows them to make
informed decisions about pregnancy management, delivery location
and postnatal care preferences.

Limitations and challenges

Despite its advantages, fetal MRI has important limitations that
must be recognized. Fetal motion remains problematic, particularly in
the early second trimester when fetuses are most active.’* Even with
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fast sequences, some examinations yield suboptimal images requiring
repeat scanning. Maternal factors, including claustrophobia, inability
to lie still, or contraindications to MRI (though rare) can prevent
examination.*

Image interpretation requires significant expertise. Radiologists
must understand normal fetal development at each gestational age to
distinguish pathology from normal variants. Inter-observer variability
exists, particularly for measurements and subtle findings. Access to
paediatric radiologists with specific fetal imaging expertise is limited
outside major centres.

Cost and resource allocation present practical challenges. MRI is
more expensive than ultrasound and requires scheduling, dedicated
scanner time and specialized interpretation. Not all centres have the
equipment or expertise to perform high-quality fetal MRI. These
limitations mean MRI cannot and should not replace ultrasound
but rather complement it in selected cases where the additional
information will change management. Additional limitations include
heterogeneity in MRI protocols across institutions and limited
availability of specialized fetal MRI expertise in many healthcare
settings.

Future directions

Fetal MRI continues to evolve with technological advances opening
new possibilities. Three-dimensional reconstruction techniques allow
the creation of physical or virtual 3D models from MRI data. These
models can be used for surgical simulation, allowing surgeons to
practice complex procedures before entering the operating room.
They also serve as powerful tools for parental counselling, helping
families visualize their baby’s anatomy in ways that two-dimensional
images cannot convey.

Diffusion-weighted imaging and advanced sequences like
intravoxel incoherent motion (IVIM) imaging are being investigated
for assessment of organ function. These techniques may eventually
allow non-invasive evaluation of renal function, placental perfusion,
or brain development, providing functional information beyond the
anatomical detail currently available.

Artificial intelligence and machine learning applications are
being developed for automated organ segmentation and volumetry.*
These tools promise to make measurements more standardized and
reproducible while reducing interpretation time. Computer-aided
detection algorithms may help identify subtle anomalies that might
otherwise be missed.

The transition from 1.5T to 3T imaging offers improved signal-
to-noise ratio and better anatomical detail, though with increased
artifacts that require careful technique optimization.’” As experience
with 3T fetal imaging grows, its advantages may become more
routinely accessible.

Perhaps most importantly, ongoing research continues to refine our
understanding of which MRI findings best predict postnatal outcomes.
As larger cohorts with standardized imaging and long-term follow-
up data become available, we will better understand the prognostic
significance of specific MRI features and can counsel families with
increasing accuracy.

Conclusion

Fetal magnetic resonance imaging has become an indispensable
complementary tool in the prenatal evaluation of congenital anomalies
that may require surgical intervention. Its superior soft-tissue contrast
and multiplanar imaging capability provide critical information that

Copyright:
©2026 Choudhur etal. 43

enhances anatomical characterization, prognostic assessment, and
multidisciplinary planning. When used alongside ultrasonography,
fetal MRI significantly improves prenatal decision-making regarding
delivery planning and postnatal surgical management. As imaging
technology continues to evolve, fetal MRI is likely to play an
increasingly important role in optimizing outcomes for fetuses with
surgically correctable congenital anomalies.

Acknowledgements

None.

Conflict of interest

There is no Conflict of interest.

References

1. Reddy UM, Filly RA, Copel JA. Pregnancy and Perinatology Branch,
Eunice Kennedy Shriver National Institute of Child Health and Human
Development, Department of Health and Human Services, NIH. Prenatal
imaging: ultrasonography and magnetic resonance imaging. Obstet Gyne-
col. 2008;112(1):145-157.

2. Wilson L, Whitby EH. The value of fetal magnetic resonance imaging in
diagnosis of congenital anomalies of the fetal body: a systematic review
and meta—analysis. BMC Med Imaging. 2024;24(1):111.

3. Saleem SN. Fetal MRI: An approach to practice: A review. J Adv Res.
2014;5(5):507-523.

4. Ray JG, Vermeulen MJ, Bharatha A, et al. Association Between MRI
Exposure During Pregnancy and Fetal and Childhood Outcomes. JAMA.
2016;316(9):952-961.

5. Gholipour A, Estroff JA, Barnewolt CE, et al. Fetal MRI: A technical
update with educational aspirations. Concepts Magn Reson Part A Bridg
Educ Res. 2014;43(6):237-266.

6. Hughes EJ, Price AN, McCabe L, et al. The effect of maternal posi-
tion on venous return for pregnant women during MRI. NMR Biomed.
2021;34(4):e4475.

7. De Jong—Pleij EA, Ribbert LS, Tromp E, et al. Three—dimensional
multiplanar ultrasound is a valuable tool in the study of the fetal pro-
file in the second trimester of pregnancy. Ultrasound Obstet Gynecol.
2010;35(2):195-200.

8. ZizkaJ, Elias P, Hodik K, et al. Liver, meconium, haemorrhage: the value
of T1-weighted images in fetal MRI. Pediatr Radiol. 2006;36(8):792—
801.

9. Gatta G, Di Grezia G, Cuccurullo V, et al. MRI in pregnancy and preci-
sion medicine: a review from literature. J Pers Med. 2021;12(1):9.

10. Biising KA, Kilian AK, Schaible T, et al. MR lung volume in fetal congen-
ital diaphragmatic hernia: logistic regression analysis—mortality and ex-
tracorporeal membrane oxygenation. Radiology. 2008;248(1):233-239.

11. Kilian AK, Schaible T, Hofmann V, Brade J, et al. Congenital diaphrag-
matic hernia: predictive value of MRI relative lung—to—head ratio com-
pared with MRI fetal lung volume and sonographic lung—to—head ratio.
AJR Am J Roentgenol. 2009;192(1):153—158.

12. Rypens F, Metens T, Rocourt N, et al. Fetal lung volume: estimation at
MR imaging—initial results. Radiology. 2001;219(1):236-41.

13. Abbasi N, Backley S, Ryan G, et al. Prenatal diagnosis and risk strat-
ification of congenital diaphragmatic hernia. World J Pediatr Surg.
2024;7(4):¢000892.

14. Cannie M, Jani J, Chaffiotte C, et al. Quantification of intrathoracic liv-
er herniation by magnetic resonance imaging and prediction of postna-
tal survival in fetuses with congenital diaphragmatic hernia. Ultrasound
Obstet Gynecol. 2008;32(5):627-32.

Citation: Choudhury P, Kandasamy D, Goel P. Fetal magnetic resonance imaging in prenatal surgical planning:a comprehensive review. Pregnancy & Child Birth.

2026;12(2):41-46. DOI: 10.15406/ipcb.2026.12.00339


https://doi.org/10.15406/ipcb.2026.12.00339
https://www.nichd.nih.gov/about/org/der/branches/ppb
https://www.nichd.nih.gov/about/org/der/branches/ppb
https://www.nichd.nih.gov/about/org/der/branches/ppb
https://www.nichd.nih.gov/about/org/der/branches/ppb
https://www.nichd.nih.gov/about/org/der/branches/ppb
https://pubmed.ncbi.nlm.nih.gov/38755547/
https://pubmed.ncbi.nlm.nih.gov/38755547/
https://pubmed.ncbi.nlm.nih.gov/38755547/
https://pubmed.ncbi.nlm.nih.gov/25685519/
https://pubmed.ncbi.nlm.nih.gov/25685519/
https://pubmed.ncbi.nlm.nih.gov/27599330/
https://pubmed.ncbi.nlm.nih.gov/27599330/
https://pubmed.ncbi.nlm.nih.gov/27599330/
https://pubmed.ncbi.nlm.nih.gov/26225129/
https://pubmed.ncbi.nlm.nih.gov/26225129/
https://pubmed.ncbi.nlm.nih.gov/26225129/
https://pubmed.ncbi.nlm.nih.gov/33480110/
https://pubmed.ncbi.nlm.nih.gov/33480110/
https://pubmed.ncbi.nlm.nih.gov/33480110/
https://pubmed.ncbi.nlm.nih.gov/20014328/
https://pubmed.ncbi.nlm.nih.gov/20014328/
https://pubmed.ncbi.nlm.nih.gov/20014328/
https://pubmed.ncbi.nlm.nih.gov/20014328/
https://pubmed.ncbi.nlm.nih.gov/16799788/
https://pubmed.ncbi.nlm.nih.gov/16799788/
https://pubmed.ncbi.nlm.nih.gov/16799788/
https://pubmed.ncbi.nlm.nih.gov/35055324/
https://pubmed.ncbi.nlm.nih.gov/35055324/
https://pubmed.ncbi.nlm.nih.gov/18566175/
https://pubmed.ncbi.nlm.nih.gov/18566175/
https://pubmed.ncbi.nlm.nih.gov/18566175/
https://www.scilit.com/publications/46b193d83ec2fe405b0e468d889237fb
https://www.scilit.com/publications/46b193d83ec2fe405b0e468d889237fb
https://www.scilit.com/publications/46b193d83ec2fe405b0e468d889237fb
https://www.scilit.com/publications/46b193d83ec2fe405b0e468d889237fb
https://pubmed.ncbi.nlm.nih.gov/11274563/
https://pubmed.ncbi.nlm.nih.gov/11274563/
https://pubmed.ncbi.nlm.nih.gov/39431204/
https://pubmed.ncbi.nlm.nih.gov/39431204/
https://pubmed.ncbi.nlm.nih.gov/39431204/
https://pubmed.ncbi.nlm.nih.gov/18792415/
https://pubmed.ncbi.nlm.nih.gov/18792415/
https://pubmed.ncbi.nlm.nih.gov/18792415/
https://pubmed.ncbi.nlm.nih.gov/18792415/

Fetal magnetic resonance imaging in prenatal surgical planning: a comprehensive review

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Whitby E, Gaunt T. Fetal lung MRI and features predicting post—na-
tal outcome: a scoping review of the current literature. Br J Radiol.
2023;96(1147):20220344.

MacDonald TM, Hui L, Tong S, et al. Reduced growth velocity across
the third trimester is associated with placental insufficiency in fetuses
born at a normal birthweight: a prospective cohort study. BMC Med.
2017;15(1):164.

Al-Maary J, Eastwood MP, Russo FM, et al. Fetal tracheal occlusion
for severe pulmonary hypoplasia in isolated congenital diaphragmatic
hernia: A Systematic Review and Meta—analysis of Survival. Ann Surg.
2016;264(6):929-933.

Farmer DL, Thom EA, Brock JW 3rd, et al. The management of my-
elomeningocele study: full cohort 30-month pediatric outcomes. Am J
Obstet Gynecol. 2018;218(2):256.e1-256.¢13.

Geerdink N, van der Vliet T, Rotteveel JJ, et al. Essential features of Chiari
II malformation in MR imaging: an interobserver reliability study—part
1. Childs Nerv Syst. 2012;28(7):977-985.

Marathu KK, Vahedifard F, Kocak M, et al. Fetal MRI analysis of corpus
callosal abnormalities: classification, and associated anomalies. Diagnos-
tics (Basel). 2024;14(4):430.

Cohen JL, Duyzend M, Adelson SM, et al. Advancing precision care
in pregnancy through a treatable fetal findings list. Am J Hum Genet.
2025;112(6):1251-1269.

Sutton LN, Adzick NS, Bilaniuk LT, et al. Improvement in hindbrain
herniation demonstrated by serial fetal magnetic resonance imaging fol-
lowing fetal surgery for myelomeningocele. JAMA. 1999;282(19):1826—
1831.

Phi JH. Sacrococcygeal teratoma: a tumor at the center of embryogenesis.
J Korean Neurosurg Soc. 2021 May;64(3):406—413.

Chuileannain FN, Woodrow N, de Crespigny L. Prenatal diagnosis and
management of sacrococcygeal teratoma. Aust N Z J Obstet Gynaecol.
1999;39(4):497-501.

Mistri PK, Patua B, Alam H, et al. Large sacrococcygeal teratoma
hindering vaginal delivery attempted at home. Rev Obstet Gynecol.
2012;5(2):65-68.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Copyright:
©2026 Choudhur et al. 46

Huang M, Gong YH. Treatment of congenital pulmonary airway malfor-
mation with rare high cystic volume ratio: A case report and literature
review. Medicine (Baltimore). 2023;102(47):¢36249.

Levine D, Barnewolt CE, Mehta TS, et al. Fetal thoracic abnormalities:
MR imaging. Radiology. 2003;228(2):379-88.

Garcia-Diaz L, Chimenea A, de Agustin JC, et al. Ex—Utero Intrapartum
Treatment (EXIT): indications and outcome in fetal cervical and oropha-
ryngeal masses. BMC Pregnancy Childbirth. 2020;20(1):598.

Amodeo I, Borzani I, Raffaeli G, et al. The role of magnetic resonance
imaging in the diagnosis and prognostic evaluation of fetuses with con-
genital diaphragmatic hernia. Eur J Pediatr. 2022;181(9):3243-3257.

Nelms DW, Kann BR. Imaging modalities for evaluation of intestinal ob-
struction. Clin Colon Rectal Surg. 2021;34(4):205-218.

Mirshemirani A, Khaleghnejad A, Rouzrokh M, et al. Posterior urethral
valves; a single center experience. Iran J Pediatr. 2013;23(5):531-535.

Liang P, Li S, Xu C, et al. Assessment of renal function using magnetic
resonance quantitative histogram analysis based on spatial labeling with
multiple inversion pulses. Ann Transl Med. 2021;9(21):1614.

Perez—Brayfield MR, Kirsch AJ, Jones RA, et al. A prospective study
comparing ultrasound, nuclear scintigraphy and dynamic contrast en-
hanced magnetic resonance imaging in the evaluation of hydronephrosis.
J Urol. 2003;170(4 Pt 1):1330-4.

Lai J, Nowlan NC, Vaidyanathan R, et al. Fetal movements as a predictor
of health. Acta Obstet Gynecol Scand. 2016;95(9):968-975.

Diitemeyer V, Cannie MM, Badr DA, et al. Prevalence of and risk factors
for failure of fetal magnetic resonance imaging due to maternal claus-
trophobia or malaise. Ultrasound Obstet Gynecol. 2023;61(3):392-398.

Yan S, Xie J, Chen N, et al. Artificial intelligence (AI)-based multi—organ
contour quality assurance with uncertainty estimation for online adaptive
radiotherapy (0ART). Mach Learn Health. 2026;(1):015001.

Buchanan CR, Muiloz Maniega S, Valdés Hernandez MC, et al. Compari-
son of structural MRI brain measures between 1.5 and 3 T: Data from the
Lothian Birth Cohort 1936. Hum Brain Mapp. 2021;42(12):3905-3921.

Citation: Choudhury P, Kandasamy D, Goel P. Fetal magnetic resonance imaging in prenatal surgical planning:a comprehensive review. Pregnancy & Child Birth.
2026;12(2):41-46.DOI: 10.15406/ipcb.2026.12.00339


https://doi.org/10.15406/ipcb.2026.12.00339
https://pubmed.ncbi.nlm.nih.gov/37314838/
https://pubmed.ncbi.nlm.nih.gov/37314838/
https://pubmed.ncbi.nlm.nih.gov/37314838/
https://pubmed.ncbi.nlm.nih.gov/28854913/
https://pubmed.ncbi.nlm.nih.gov/28854913/
https://pubmed.ncbi.nlm.nih.gov/28854913/
https://pubmed.ncbi.nlm.nih.gov/28854913/
https://pubmed.ncbi.nlm.nih.gov/26910202/
https://pubmed.ncbi.nlm.nih.gov/26910202/
https://pubmed.ncbi.nlm.nih.gov/26910202/
https://pubmed.ncbi.nlm.nih.gov/26910202/
https://pubmed.ncbi.nlm.nih.gov/29246577/
https://pubmed.ncbi.nlm.nih.gov/29246577/
https://pubmed.ncbi.nlm.nih.gov/29246577/
https://pubmed.ncbi.nlm.nih.gov/22547226/
https://pubmed.ncbi.nlm.nih.gov/22547226/
https://pubmed.ncbi.nlm.nih.gov/22547226/
https://pubmed.ncbi.nlm.nih.gov/38396468/
https://pubmed.ncbi.nlm.nih.gov/38396468/
https://pubmed.ncbi.nlm.nih.gov/38396468/
https://pubmed.ncbi.nlm.nih.gov/40209713/
https://pubmed.ncbi.nlm.nih.gov/40209713/
https://pubmed.ncbi.nlm.nih.gov/40209713/
https://pubmed.ncbi.nlm.nih.gov/10573273/
https://pubmed.ncbi.nlm.nih.gov/10573273/
https://pubmed.ncbi.nlm.nih.gov/10573273/
https://pubmed.ncbi.nlm.nih.gov/10573273/
https://pubmed.ncbi.nlm.nih.gov/33906346/
https://pubmed.ncbi.nlm.nih.gov/33906346/
https://pubmed.ncbi.nlm.nih.gov/10687774/
https://pubmed.ncbi.nlm.nih.gov/10687774/
https://pubmed.ncbi.nlm.nih.gov/10687774/
https://pubmed.ncbi.nlm.nih.gov/22866184/
https://pubmed.ncbi.nlm.nih.gov/22866184/
https://pubmed.ncbi.nlm.nih.gov/22866184/
https://pubmed.ncbi.nlm.nih.gov/38013315/
https://pubmed.ncbi.nlm.nih.gov/38013315/
https://pubmed.ncbi.nlm.nih.gov/38013315/
https://pubmed.ncbi.nlm.nih.gov/12821772/
https://pubmed.ncbi.nlm.nih.gov/12821772/
https://pubmed.ncbi.nlm.nih.gov/33028259/
https://pubmed.ncbi.nlm.nih.gov/33028259/
https://pubmed.ncbi.nlm.nih.gov/33028259/
https://pubmed.ncbi.nlm.nih.gov/35794403/
https://pubmed.ncbi.nlm.nih.gov/35794403/
https://pubmed.ncbi.nlm.nih.gov/35794403/
https://pubmed.ncbi.nlm.nih.gov/34305469/
https://pubmed.ncbi.nlm.nih.gov/34305469/
https://pubmed.ncbi.nlm.nih.gov/24800012/
https://pubmed.ncbi.nlm.nih.gov/24800012/
https://pubmed.ncbi.nlm.nih.gov/34926658/
https://pubmed.ncbi.nlm.nih.gov/34926658/
https://pubmed.ncbi.nlm.nih.gov/34926658/
https://pubmed.ncbi.nlm.nih.gov/14501762/
https://pubmed.ncbi.nlm.nih.gov/14501762/
https://pubmed.ncbi.nlm.nih.gov/14501762/
https://pubmed.ncbi.nlm.nih.gov/14501762/
https://pubmed.ncbi.nlm.nih.gov/27374723/
https://pubmed.ncbi.nlm.nih.gov/27374723/
https://pubmed.ncbi.nlm.nih.gov/36773302/
https://pubmed.ncbi.nlm.nih.gov/36773302/
https://pubmed.ncbi.nlm.nih.gov/36773302/
https://pubmed.ncbi.nlm.nih.gov/41561791/
https://pubmed.ncbi.nlm.nih.gov/41561791/
https://pubmed.ncbi.nlm.nih.gov/41561791/
https://pubmed.ncbi.nlm.nih.gov/34008899/
https://pubmed.ncbi.nlm.nih.gov/34008899/
https://pubmed.ncbi.nlm.nih.gov/34008899/

	Title
	Abstract 
	Keywords
	Introduction 
	Technical aspects of fetal MRI 
	Congenital diaphragmatic hernia: the paradigm for MRI-guided surgical planning
	Myelomeningocele: MRI in the fetal surgery era 
	Sacrococcygeal teratoma: defining extent and guiding delivery 
	Thoracic anomalies beyond CDH 
	Abdominal Wall Defects and Gastrointestinal Anomalies
	Genitourinary anomalies
	Impact on multidisciplinary care and delivery planning
	Limitations and challenges 
	Future directions 

	Conclusion 
	Acknowledgements 
	Conflict of interest  
	References 
	Table 1
	Figure 1
	Figure 2
	Figure 3

