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A critical review of benefits and limitations

of magnetic resonance imaging as a complementary

method in the diagnosis of fetal malformations*
Avaliação crítica dos benefícios e limitações da ressonância magnética como método

complementar no diagnóstico das malformações fetais

Renato Luis da Silveira Ximenes1, Jacob Szejnfeld2, Andréa Regina da Silveira Ximenes3,

Valdir Zanderigo4

OBJECTIVE: The present study was aimed at evaluating by means of magnetic resonance imaging a series
of fetuses with sonographic diagnosis of malformation, establishing the diagnostic benefits and limitations
of fetal magnetic resonance imaging as compared with ultrasonography. MATERIALS AND METHODS: Forty
women between 15–35 gestational weeks and previously diagnosed with fetal abnormality by ultrasonography
were referred to undergo complementary fetal magnetic resonance imaging, particularly for evaluating
abnormalities in the fetal central nervous system, thorax, abdomen, renal system, skeletal system, and tumors.
The whole evaluation process included a review of the fetal ultrasonography and magnetic resonance images,
postnatal follow-up, laboratory tests, imaging studies and necropsy. RESULTS: The present study has
demonstrated that complementary magnetic resonance imaging did provide further information in 60% of
cases, with the following benefits: improved information on the fetus as a whole, with a large field of view,
higher anatomic resolution provided by fast sequences, superior soft tissue contrast resolution, besides the
fact that the visualization of the fetus is not significantly affected by maternal obesity or oligohydramnios.
Limitations of the method include contraindication in the first gestational trimester and in cases of maternal
claustrophobia, sensitivity to fetal motion, low sensitivity for detecting cardiovascular and skeletal
malformations. CONCLUSION: Fetal magnetic resonance imaging plays a significant role as a complementary
method for the diagnosis of fetal anomalies.
Keywords: Fetal magnetic resonance imaging; Ultrasonography; Malformations; Single-shot; HASTE; Prenatal

diagnosis.

OBJETIVO: Avaliar, por meio da ressonância magnética, uma série de fetos com diagnóstico ultra-sonográ-
fico de malformação, a fim de estabelecer os benefícios e limites diagnósticos proporcionados pela técnica
de ressonância magnética fetal, em comparação com a ultra-sonografia. MATERIAIS E MÉTODOS: Foram
estudadas 40 mulheres entre 15–35 semanas de gestação com diagnóstico de anomalia fetal durante o exame
de ultra-sonografia. As pacientes foram encaminhadas para o estudo complementar com ressonância mag-
nética. As indicações para o estudo da ressonância magnética fetal foram: anomalias do sistema nervoso
central, do tórax, do abdome, renais, esqueléticas e tumores. A avaliação pós-natal incluiu a revisão das
imagens de ultra-sonografia e ressonância magnética, o acompanhamento do nascimento, exames laborato-
riais, radiológicos e necropsia. RESULTADOS: Os resultados mostraram que os estudos complementares com
ressonância magnética fetal trouxeram informações adicionais em 60% dos casos estudados. Os benefícios
da ressonância magnética fetal foram: ampliação da avaliação global, aumento do campo de avaliação, maior
resolução tecidual pelo uso de seqüências, e avaliação em pacientes obesas e com oligoidrâmnio. Os limites da
ressonância magnética fetal foram: evitar exame no primeiro trimestre, avaliação do fluxo sanguíneo, movi-
mentação fetal, claustrofobia materna, estudo do coração fetal e esqueleto. CONCLUSÃO: A ressonância
magnética fetal pode ser utilizada como método complementar para a avaliação das malformações fetais.
Unitermos: Imagem por ressonância magnética fetal; Ultra-sonografia; Malformações; Single-shot; HASTE;

Diagnóstico pré-natal.
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INTRODUCTION

The present study was aimed at evalu-
ating a series of 40 fetuses with sono-
graphic diagnosis of malformation by
means of complementary magnetic reso-
nance imaging (MRI) for determining the
diagnostic benefits and limitations of this
technique as compared with ultrasonogra-
phy (US).

Along the last four decades, US has
been extensively utilized for assessing fe-
tal malformations during the prenatal fol-
low-up(1). In the obstetric practice, US is
considered as an ideal diagnostic imaging
method because of its non-invasiveness,
relatively low cost, besides the advantage
of not involving radiation exposure. On the
other hand, this method presents some dis-
advantages related to the operator depen-
dence, type of equipment, limited field of
view, maternal obesity, oligohydramnios,
fetal positioning and sonographic artifacts
(for example: acoustic shadowing).

The utilization of MRI for fetal evalua-
tion was first described in 1983(2), and was
initially utilized only in the evaluation of
the placenta and maternal organs(3). At that
time, fetal motion during images acquisi-
tion represented a major problem, so MRI
was restricted to volumetric evaluations(4).
Drugs such as muscular relaxants either
indirectly(5) or directly (fetal cordocentesis)
administered(6) were utilized in an attempt
to induce fetal paralysis.

Recent developments in MRI equip-
ment have included the adoption of fast
images acquisition protocols, so fetal mo-
tion artifacts are almost completely elimi-
nated(7). These fast MRI techniques, known
as single-shot fast spin echo and half-Fou-
rier acquisition turbo spin-echo (HASTE)
constitute a protocol whose images acqui-
sition time is lower than one second(8).

Ultrasonography is the primary screen-
ing method for the diagnosis of fetal ab-
normalities and also can be utilized as an
adjuvant method in the assessment of fe-
tal malformations during the prenatal fol-
low-up.

MATERIALS AND METHODS

Patients between 15 and 35 gestational
weeks, previously diagnosed with fetal

malformation, were evaluated by MRI. The
protocol for the present study was previ-
ously approved by the Committee for Eth-
ics in Research of the institution, and all the
women signed a term of free and informed
consent before being included in the study.

Forty patients diagnosed with fetal mal-
formation by US were included in the
present study. Eight patients were excluded
because of symptoms of discomfort and/or
claustrophobia. Fetal anomalies were di-
vided into subcategories, namely: central
nervous system (60%), thorax (8%), abdo-
men (8%), renal system (10%), skeletal
system (2%), fetal tumors (5%), twin ges-
tations (2%) and syndromes (2%).

All of the cases obligatorily underwent
postnatal follow-up including evaluation in
the delivery room, imaging studies and
laboratory tests, and necropsy (in case of
death), provided the procedure was autho-
rized by the family. The analyses of the fetal
MRI studies were reviewed by two radiolo-
gists with experience in fetal medicine.
These cases were included in the study only
after a complete analysis, systematic review
of the US and fetal MRI images, and post-
natal confirmation.

The US studies were performed in a
HDI 4000 equipment with a broad-band
4.0–7.0 MHz transducer (Philips; Bothel,
USA) and Acuson Sequoia with multifre-
quency 3.5–5.0 MHz and 4.0–8.0 MHz
transducers (Acuson; Mountain View,
USA). Ultrasonography was adopted as the
primary method for screening of fetal
anomalies, and as a reference for indication
of a complementary fetal MRI study. The
sonographic diagnosis had occurred be-
tween 15 and 36 gestational weeks (mean
= 28 weeks). A maximum 15-day interval
was recorded between the US and the MRI
studies. Two-dimensional (2D), three-di-
mensional (3D), B-mode, or even color-
Doppler or harmonic ultrasonography in
selected cases, were utilized. All the
echographic studies were digitally stored,
including all the sequences and planes
(coronal, sagittal and axial).

Fetal MRI studies were performed in a
high-field 1.0 T Impact Magnetom System
(Siemens Medical Systems; Iselin, USA)
and 1.5 T Sonata System (Siemens Medi-
cal Systems; Iselin, USA), with a high-field
body coil.

The imaging protocols of the fetal MRI
included T1- and T2-weighted sequences
in the three orthogonal planes of the fetal
body. The studies were started with sagit-
tal, coronal and axial, T2-weighted se-
quences, utilizing each plane as a
scanogram (scout) for the next imaging
sequence. Most frequently, fetal MRI uti-
lizes T2-weighted HASTE sequences(7),
considering not only the excellent fetal tis-
sues contrast provided by T2-weighted se-
quences, but also the high signal-noise ra-
tio and relative insensitivity to susceptibil-
ity and motion artifacts. T2-weighted
HASTE sequences provide excellent fetal
tissues contrast, minimizing artifacts aris-
ing from fetal motion and maternal respi-
ration(9).

T1-weighted sequences are utilized for
evaluating blood products and lesions with
fat contents, with gradient refocused acqui-
sition in the steady state (GRASS) and fast
slow angle shot (FLASH). The quality of
images acquired on T1-weighted se-
quences is a little more degraded because
of the higher sensitivity to the fetal mo-
tion(10).

The majority of studies in the literature
suggest that MRI can be performed during
the pregnancy(11–13). Worries are related to
the maternal and fetal health. The care pro-
vided to pregnant women during examina-
tion is the same provided to the non-preg-
nant ones. Fetal concerns encompass ter-
atogenesis and acoustic impairment. Mater-
nal sedation and contrast agents were not
utilized in the present study.

RESULTS

The present study compared and corre-
lated fetal MRI and US findings in the
evaluation of fetal anomalies. The authors
could observe that fetal MRI provided fur-
ther information in 60% of the cases (24/
40) (Chart 1).

In cases of abnormalities in the central
nervous system, fetal MRI provided further
information in 16/24 (57%) of cases. The
diagnostic benefits of fetal MRI in the as-
sessment of the central nervous system
were: a more detailed observation of the
sulci formation, the myelination process,
the subarachnoid space, the absence of
bone artifacts, acquisition of images in the
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three planes, and a higher tissue and ana-
tomical definition (Figure 1).

In cases of bifid spine, fetal MRI pro-
vided further information in the evaluation
of the posterior fossa, including the degree
of cerebellar herniation (downward hernia-
tion, compression and cerebellar hypopla-
sia) (Figure 2).

In the present study, three cases of fetal
thoracic anomalies were evaluated. In the
case of diaphragmatic hernia, fetal MRI
provided further information in the identi-
fication of the liver positioning and con-
tent. In the case of upper airways obstruc-

Chart 1 Additional information – comparison between US and MRI.

CHARGE: Coloboma of the eye, Heart defects, Atresia of the choanae, Retardation of the growth and/or development, Genital and/or urinary abnormalities, Ear abnormalities

and deafness.

US and MRI: MRI without additional information

Grade IV intracranial hemorrhage

Dandy-Walker malformation

Posterior urethral valve

Borderline ventriculomegaly (posterior auricle be-

tween 10–15 mm)

Gastroschisis

Anencephaly

Acrania-anencephaly sequence

Body-Stalk syndrome

Arthrogryposis

Feto-fetal transfusion

Upper airways obstruction

US and MRI: MRI with additional information

Galen aneurysm: classification of the type of arteriovenous malformation, delayed sulci forma-

tion

Arnold-Chiari malformation type II; evaluation of the degree of cerebellar herniation, sagittal

views of the posterior fossa and magnum foramen

Arachnoid cyst: localization and evaluation of possible adjacent structures compression

Perlman syndrome: evaluation of the renal parenchyma

Sacrococcygeal teratoma: identification of presacral lesion

Cervical teratoma: Mass borders and texture, identification of the trachea (compression and

deviation)

Encephalocele: size and herniated structures

Uretero-pelvic junction stenosis: site of stenosis

Lobar holoprosencephaly: alteration of the hippocampus and sulci

Foci of intra-hepatic hemorrhage confirmed with T1-weighted sequences

CHARGE syndrome: facial alterations (cleft palate)

Alobar holoprosencephaly: dorsal cyst, hippocampus and posterior fossa compression

Figure 1. A: US – axial view at the level of the biparietal diameter demonstrating a cystic structure. The

acoustic shadowing hinders a complete visualization of the calvaria. B: MRI – T2-weighted sequence dem-

onstrates an excellent tissue contrast. Area with hyperintense signal corresponding to a cystic formation

compatible with arachnoid cyst.

Figure 2. Fetal MRI – Sagittal, T2-weighted se-

quence demonstrating an abnormally low and nar-

row fourth ventricle, below the magnum foramen.

Compressed (hypoplastic) cerebral hemispheres are

observed.

tion, fetal MRI has not added information
about the structures involved in the pro-
cess/etiology of obstruction.

Three cases of gastrointestinal tract ab-
normalities were evaluated, including a
case of gastroschisis where fetal MRI did
not provide further information.

Four cases (10%) of genitourinary tract
anomalies were evaluated. The following
diagnostic benefits of MRI were observed:
Non-contrast-enhanced identification of
stenosis in the uretero-pelvic junction (Fig-
ure 3), and a good tissue resolution, even
in cases of oligohydramnios, and diffuse

sequences for evaluation of the renal func-
tion. Impossibility of early diagnosis of
genitourinary tract abnormalities was a
limitation of this method.

One case of skeletal alteration was
evaluated by fetal MRI, but no additional
information was observed in the evaluation
of long bones. Extremities and joints move-
ment could not be observed during the fe-
tal MRI.

Two cases of fetal tumor were evalu-
ated. In the investigation of anterior cervi-
cal masses, the MRI diagnostic benefits
were focused on the definition of the dif-
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ferential diagnosis. In the case of cervical
teratoma, T2-weighted images can show
high resolution and tissue contrast, thor-
oughly demonstrating the mass margins
and texture (Figure 4). In the evaluation of
sacrococcygeal tumor, the benefits of fetal
MRI are related to the tumor size, extent,
and involvement of adjacent structures(14).
The limitation of this method in the evalu-
ation of fetal tumors was the impossibility
of demonstrating the vascular activity.

There was a case of monochorionic di-
amniotic twin gestation with echographic
diagnosis of feto-fetal transfusion syn-
drome. Further information could not be
obtained with fetal MRI.

Fetal MRI and US images were com-
pared, for evaluating the benefits and limi-
tations of these methods in the prenatal
diagnosis of fetal anatomic abnormalities.
Chart 2 demonstrates US and fetal MRI
limitations in the prenatal diagnosis of fe-
tal malformations. The common positive
quality of these methods is that both do not
involve ionizing radiation exposure. Chart
3 demonstrates US and fetal MRI limita-
tions in the prenatal diagnosis.

DISCUSSION

Ultrasonography is the method of
choice in the primary prenatal screening of
fetal malformations because of its low op-

erational cost and real-time capability.
However, the authors could observe that
fetal MRI can provide further information
in cases of fetal malformation previously
diagnosed by US. As the experience with
fetal MRI progresses, an increasing num-
ber of other indications for complementary
studies with MRI should be included.

Studies demonstrate that fetal MRI can
evaluate sequential changes in the central
nervous system development, evaluate with
higher accuracy ventricular walls and sub-
arachnoid spaces, demonstrating particu-
larly the organization of the intraparen-

chymal tissue because of the excellent con-
trast resolution on T-2-weighted se-
quences(15–17). In studies of the central ner-
vous system, a limitation of the method is
that the quality of images of the intracra-
nial anatomy after the 20th gestational
week is poor, possibly because of the size
of the structures to be evaluated(18). Follow-
up with fetal MRI in the third gestational
trimester should be performed one or two
weeks before delivery(19).

There is a general consensus that MRI
has become a safe and reliable method for
evaluating fetal malformations(16). On the

Figure 3. Fetal MRI – oblique, parasagittal, T2-

weighted sequence demonstrating dilated renal

pelvis and stenosis in the proximal ureter (arrow).

Figure 4. MRI – axial, oblique view showing a well-

defined cervical mass. The mass-effect compresses

and displaces the trachea.

Chart 2 US and fetal MRI limitations in the prenatal diagnosis of fetal malformations.

US

Maternal obesity

Severe oligohydramnios

Limited field of view

Lower tissue resolution

Visualization of the fetal anatomy in the third gestational trimester

Artifacts: posterior shadowing

Acquisition of three planes might be impaired by posterior acoustic shadowing artifacts

Fetal MRI

High cost of the method

Difficulty in the views standardization

Fetal motion

Claustrophobia

Fetal motion

Artifacts: fetal motion

Contraindicated in the first gestational trimester

Chart 3. US and fetal MRI benefits in the prenatal diagnosis of fetal malformations.

US

Low cost

Real-time method

Established standard anatomical views

Color Doppler mapping

Quantification of vascular flow with Doppler

The method can be utilized in the first gestational trimester

Fetal MRI

Wide field of view

High tissue resolution

Identification of images compatible with the presence of hemorrhage or fat on T1-

weighted sequences

Absence of artifacts on three orthogonal planes

Sequences for evaluating the renal functional
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other hand, in the evaluation of the central
nervous system, US presents limitations
related to: artifacts produced by the calva-
ria and bones (posterior acoustic shadow-
ing), gestational age, imaging planes and
maternal obesity. Ultrasonography can
evaluate the vascular flow of intracranial
and cardiac structures during gestation,
providing relevant information on the fe-
tal hemodynamics.

MRI advantages in the evaluation of fe-
tuses with thoracic anomalies have been
described by several studies in the litera-
ture(20). So far, fetal MRI benefits have not
been observed in the evaluation of fetal
cardiopathies. Fetal MRI might be useful
in the evaluation of the signal intensity in
lungs, considering that some studies have
indicated a relationship between the signal
intensity and the characterization of pulmo-
nary hypoplasia(21). Lung volume calcula-
tion has shown to be a better marker than
the signal analysis in the evaluation of pul-
monary hypoplasia(22,23). In cases of con-
genital diaphragmatic hernias, the localiza-
tion of the left hepatic lobe plays a relevant
role in the determination of the perinatal
prognosis because isolated “liver-up” and
“liver-down” congenital diaphragmatic
hernias are related to a perinatal mortality
rate of respectively 57% and 7%(24).

The protocol for evaluation of abdomi-
nal diseases by MRI varies according to the
gestational age and the capability of the
method of visualizing and differentiating
the different abdominal organs which, by
their turn, are dependent on the size of the
structure that affects the typical corre-
sponding signal depending on the sequence
utilized. The knowledge about the normal
fetal development is critical in the interpre-
tation of fetal MRI images. While in adults,
contrast-enhancement plays a significant
role in the magnetic resonance images ac-
quisition and interpretation, fetal MRI uti-
lizes the amnionic fluid and, sometimes,
the intestinal contents such as the meco-
nium, as a “natural” contrast agent. Varia-
tions in the presence of this natural contrast
media according to the gestational age re-
sult in different imaging findings. The
small bowel can be identified on T1-
weighted sequences with a hyperintense
signal similar to that of the liver. Fetal MRI
can identify the exact site of intestinal ob-

struction and also demonstrate multiple
atresias(25). The following diagnostic ben-
efits can be highlighted: in cases of anal
atresia, where rectal filling and cloacal
malformations can be identified with
hypointense signal on T1-weighted se-
quences(26); cases of congenital megacolon
(Hirschsprung disease), where the dilated
rectum can be identified with a middle-in-
tensity signal on T2-weighted se-
quences(27); and cases of adrenal diseases,
where MRI can demonstrate the best dif-
ferential diagnosis for neuroblastoma in
cases of adrenal hemorrhage, subdiaphrag-
matic sequestration, renal cysts(28) and ret-
roperitoneal lymphangioma(29). Diagnostic
limitations in cases of abdominal and gas-
trointestinal anomalies occur in the early
diagnosis of abdominal wall defects (< 18
gestational weeks), and intestinal motility.
Ultrasonography is an excellent method
for evaluating genitourinary tract anoma-
lies, but the presence of maternal obesity
and oligohydramnios may impair a thor-
ough evaluation of the genitourinary
tract(30).

In the study of skeletal abnormalities,
fetal MRI limitations are associated with
the impossibility of studying the fetal mo-
tion, difficulty in the acquisition of images
in appropriate planes for evaluating the
skeleton, impossibility of 3D skeletal re-
construction (like that provided by com-
puted tomography), and impossibility of
evaluating the degree of calcification.

Based on the analysis of the diagnostic
benefits and limitations of both methods in
the prenatal diagnosis of fetal abnormali-
ties, one can conclude that, in selected
cases, US should be complemented by fe-
tal MRI. It is important to note that fetal
motion still remains as a limiting factor,
considering the low reproducibility of im-
ages acquisition in standard and symmetri-
cal anatomical planes.

CONCLUSION

The present study has comparatively
evaluated US and MRI in the investigation
of fetal malformations during the prenatal
follow-up. Additionally, the authors de-
fined the benefits and limitations of MRI
as an adjuvant method in the fetal evalua-
tion. Ultrasonography is a primary screen-

ing method, and fetal MRI provides addi-
tional information.

It may be concluded that MRI can be
utilized as a complementary method to US
in the diagnosis of fetal malformations.
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