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Abstract 

Background:  Abnormalities of the cardiovascular system are the most common congenital diseases in the fetus and 
the first cause of infant mortality. Echocardiography is still the method of choice to visualize the fetal cardiac cardio-
vascular abnormalities, yet cardiovascular magnetic resonance (CMR) is relatively unaffected by maternal and fetal 
conditions such as maternal obesity, uterine myoma, twins, oligohydramnios, fetal position and rib calcification, which 
particularly impair sonographic visualization of the fetal heart. Fetal cardiac MR imaging is a novel MRI technique 
which can provide valuable information that could add to the prenatal diagnosis and evaluation of cardiac and most 
of extra-cardiac anomalies. In this work, we aimed to highlight the advantage of FCMRI over fetal echocardiography in 
assessment of fetal congenital cardiac anomalies.

Results:  Fifty-Two fetuses with suspected or diagnosed congenital cardiac anomalies. All cases underwent detailed 
history taking, underwent fetal echocardiography using suitable curvilinear probe and performed according to 
standard protocol, then fetal cardiac MR was done with Balanced fast field echo, Black blood single shot, white blood 
Cine, Real-time 3D dynamic sequences, images were acquired in the transverse, four-chamber, short-axis, coronal and 
oblique sagittal views. Findings of fetal echocardiography were compared with that of cardiac MRI and with standard 
post-natal echocardiography. Prenatal Echo and fetal cardiac MRI showed significant moderate agreement between 
the two modalities in the detection of different congenital cardiac anomalies, Kappa test: 0.500; p value 0.021. Fetal 
MRI had a significant role in detection of extra cardiac anomalies in most cases. Comparing to gold standard post-
natal echo. Accuracy of fetal CMRI is 95.5% and of fetal Echo is 86.4% regarding overall cardiac anomalies:

Conclusion:  Fetal cardiac MR imaging as an adjunct to fetal echocardiography may provide valuable information 
that could add to the prenatal diagnosis and evaluation of cardiac and most of extra cardiac anomalies.
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Introduction
Abnormalities of the cardiovascular system are the most 
common congenital diseases in the fetus and the first 
cause of infant mortality [1].

Although fetal echocardiography has been used suc-
cessfully for many years in the diagnosis of fetal con-
genital cardiovascular abnormalities, there is a need at 
times for additional information without limitation to the 
acoustic windows [2].

The role of fetal cardiovascular magnetic resonance 
(FCMR) as a tool additional to ultrasound has grown 
exponentially. Unlike fetal echocardiography imaging, 
cardiovascular magnetic resonance (CMR) is relatively 
unaffected by maternal and fetal conditions such as 

Open Access

Egyptian Journal of Radiology
and Nuclear Medicine

*Correspondence:  doctor_hendgalal@yahoo.com; doctor_
hendgalal@gu.edu.eg; doctor_hendgalal@med.asu.edu.eg
1 Diagnostic and Interventional Radiology Department, Faculty 
of Medicine, Ain Shams University, Cairo, Egypt
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-7662-8561
http://orcid.org/0000-0001-8141-6574
http://orcid.org/0000-0003-1655-1547
http://orcid.org/0000-0001-7761-1166
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43055-022-00771-7&domain=pdf


Page 2 of 9Hassan et al. Egypt J Radiol Nucl Med           (2022) 53:98 

maternal obesity, uterine myoma, twins, oligohydram-
nios, fetal position and rib calcification, which particu-
larly impair sonographic visualization of the fetal heart 
and great vessels [3].

Without a doubt, Echocardiography is the method of 
choice to visualize the fetal cardiovascular abnormalities, 
FCMR imaging has the potential to complement ultra-
sound in detecting cardiovascular malformations and 
extra cardiac anomalies [3, 4]. It has been reported that 
echo cannot be replaced by MRI but, it really can provide 
some additional important information in fetal CHD [5].

Aim of the work
To highlight the advantage of FCMRI over fetal echo-
cardiography in assessment of fetal congenital cardiac 
anomalies.

Methods
A diagnostic prospective study is approved by The Ethical 
Committee of the Department of diagnostic radiology, 
Faculty of Medicine and the review board of University 
Hospital. All patients provided informed consent for the 
MR imaging examinations and for inclusion of their data 
in this analysis.

From November 2019 to April 2021, Fifty-Two cases 
were included in our study, their age ranged from 20 
to 39  years. The study included all pregnant females 
suspected or diagnosed with fetal congenital cardiac 
anomalies by routine obstetrics or fetal echocardiogra-
phy, high-risk pregnant females with gestational diabe-
tes mellites (GDM), hypertension(HTN), consanguinity, 
and history of previously baby with CHD all are included. 
Subject refuses to participate in the research and subject 
with contraindication to MRI as having any non-com-
patible metallic implants like pacemaker, aneurysm clips, 
joint replacement or any other electronic or magnetically 
activated implants as well as claustrophobic are excluded 
from the study.

Written consent was taken from all participates 
before recruitment in the study after explanation of the 
purpose and procedures of the study.

All included patients were subjected to careful full 
history taking including age, consanguinity, previous 
history of anomalies, or any systemic disease. Followed 
by obstetric sonography performed between 22 and 
28 weeks of gestation by Radiologist for all cases using 
suitable curvilinear probe of logic GE P9, S8 machine 
(GE Medical System, Austria), Full basic obstetric 
biometry was taken included biparietal diameter (BPD), 
head circumference (HC), abdominal circumference 
(AC), femur length (FL), estimated fetal weight (EFW), 
amniotic fluid index (AFI) with middle cerebral artery 
(MCA) and umbilical artery (UMA) Doppler param-
eter. Fetal echocardiography by which basic obstetrics 
measures and detailed cardiac examination was done 
by more than 20 years experienced Pediatric Cardiolo-
gist and more than 7 years experienced Radiologist for 
around 30–45 min scan time per case. With assessment 
of standard and extended cardiac views for diagnosis 
of various congenital heart malformation according to 
standard protocol starting with cardiothoracic ratio 
and cardiac axis, systematic evaluation of the follow-
ing views: four chambers, left ventricular outflow tract, 
right ventricular outflow tract, three-vessel trachea, 
short axis views, long axis view, aortic arch, ductal arch, 
superior and inferior vena cava. After that scheduled 
FCMRI was performed using 1.5 Tesla Philips machine 
(ingenia medical system Eindhoven, Netherland) with 
no specific preparation of the patients except for pre-
ferring early morning scan time. The following MRI 
pulse sequences were included: SURVEY-BFFE. Coro-
nal, axial and sagittal uterus BTFE. SSh-cine-SA-M2D 
(4 chamber and short axis views). Black blood -SSH-BH 
(4 chamber and short axis views). White blood Cine 
(Coronal, axial and sagittal) Detailed sequences param-
eters are presented in Table 1.

Table 1  Detailed parameters of each FCMR imaging sequences:

Sequence TR (ms) TE (ms) FOV (mm) Matrix Slice thickness 
(mm) Gap (zero)

slices Flip angle 
(degrees)

Scan 
duration 
(m:s)

SURVEY_BFFE 3.0 1.52 538–538 268 × 306 9 15 90 1:24

COR UTERUS BTFE 3.1 1.53 444–444 372 × 316 6 40 110 2:17

AX UTERUS BTFE 3.0 1.50 373–373 312 × 266 6 60 110 2:11

SAG UTERUS BTFE 3.0 1.50 425–372 356 × 266 6 52 110 1:55

BB_SSH_BH 1500 60 302–302 168 × 131 3.5 16 90 00:48

Cor WB Cine 3.5 1.77 370–416 204 × 248 3.5 15 61 6:00

Ax WB Cine 3.2 1.61 300–300 188 × 153 3 18 61 2:24

sBFFE_RLT DYN 3D 3.3 1.66 333–333 168 × 164 – – 80 4:37
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Post-acquisition images evaluation done by same radi-
ologist who did obstetric US and shared in prenatal echo 
examination using PACS viewing system and interpreta-
tion by post processing software Philips workstation and 
compared to resulted findings of fetal echocardiography 
and correlated with gold standard post-natal echocar-
diography done by same pediatric cardiologist who was 
share in prenatal echocardiography and was blinded of 
FCMR finding. Cases with IUFD were recorded for pre-
natal comparative results only.

Throughout the study, we faced that fetal CMR has 
been limited due to technical challenges mainly the lack 
of a fetal ECG for gating. As a consequence of unavail-
able direct fetal cardiac gating so far, dynamic fetal CMR 
sequences analysis was dependent on complicated post-
processing techniques. Also, maternal exhaustion, as well 
as unexpected fetal movement, were the main obstacles 
to obtaining aimed view with satisfactory resolution.

Statistical analysis
Recorded data were analyzed using the statistical pack-
age for social sciences, version 20.0 (SPSS Inc., Chi-
cago, Illinois, USA). Quantitative data were expressed as 
mean ± standard deviation (SD). Qualitative data were 
expressed as frequency and percentage. The confidence 
interval was set to 95% and the margin of error accepted 
was set to 5%. So, the p value was considered significant 
as the following: P > 0.05: Non-significant, P < 0.05: Sig-
nificant, P < 0.01: Highly significant.

Results
The study included 52 pregnant females, their age ranged 
from 20 to 39 years with (30.46 ± 6.81) years mean ± SD, 
Gestational age ranged from 24 to 39  weeks with 
(30.81 ± 4.30) weeks mean ± SD, demographic data dis-
tribution of basic obstetric and fetal parameters is viewed 
in Tables 2, 3.

The percentage of first and second degree of consan-
guinity was high (42.3%), previous history of anomaly 
(30.8%), and percentage of high-risk disease (GDM, 
HTN) was (11.5%).

Regarding the diagnostic performance of prenatal 
Echo and fetal cardiac MRI showed significant moder-
ate agreement between the two modalities in the detec-
tion of different congenital cardiac anomalies, Kappa test: 
0.500; p value 0.021*, Fig. 1.

All cardiac structures were delineable by both echo-
cardiography and cardiac MRI. There was full agree-
ment (κ = 1) between fetal echocardiography and 
cardiac MRI in evaluating the cardiac situs (48 nor-
mal, 2 levocardia, 2 ectopia cordis), aorta (40 normal, 
6 hypoplastic aorta, 2 aortic stenosis, 2 right-sided 
aortic arch and 2 small-sized aorta), transverse cardiac 

diameter (44 normal, 8 cardiomegaly), foramen oval 
(50 normal, 2 large single atrium), good agreement was 
found for the position of the cardiac apex (48 normal, 4 
abnormal). After exclusion of 18 IUFD cases, percent-
age agreement of fetal MRI and fetal echo with post-
natal echo regarding individual congenital anomaly is 
presented in Table 4, There was statistically significant 
higher sensitivity of fetal MRI (95.5%) compared to 
fetal echo (86.4%) regarding overall anomalies, with p 
value < 0.001 HS. For detailed sensitivity, positive pre-
dictive value, negative predictive value, and accuracy 
of fetal MRI and fetal echo regarding to individual and 
overall cardiac anomalies refer to Table 5.

Fetal MRI had a significant role in detection of 
extra cardiac anomalies in most of cases; congeni-
tal diaphragmatic hernia and its contents in 2 cases, 

Table 2  Distribution of demographic data of included study 
group (n = 52)

GA, gestational age; BPD, biparietal diameter; HC, head circumference; AC, 
abdominal circumference; FL, femur length; EFW, estimated fetal weight; RI, 
resistive index; PI, pulsatility index

Data of Study group Range Mean ± SD

Maternal age (years) 20–39 30.46 ± 6.81

GA (wks) 24–39 30.81 ± 4.30

GA at time of delivery(wks) 34–39 36.59 ± 1.66

BPD (mm) 46–93.2 73.38 ± 12.60

HC (mm) 182–439 266.53 ± 52.12

AC (mm) 168–375 257.52 ± 50.85

FL (mm) 31–75 56.18 ± 12.41

EFW (g) 383–4150 1677.69 ± 1001.05

Doppler RI (umbilical a.) 0.5–0.9 0.67 ± 0.10

Doppler PI (umbilical a.) 0.9–2.1 1.28 ± 0.33

Table 3  Number and percentage of fetal parameters: 

AFI, amniotic fluid index; IUFD, intrauterine fetal death

Measured Parameter No
Percentage %

sex (male/female/Ambiguous) 30/20/2
57.7/38.5/3.8

Weight (< 5 centile/Average/> 95 centile) 4/46/2
7.7/88.5/3.8

Presentation (cephalic/Breech) 36/16
69.2/30.8

AFI (normal/oligo/ poly) 38/8/6
73.1/ 15.4/11.5

Umbilical cord vessels (3/2) 48/4
92.3/7.7

IUFD 18
34.6
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Fig. 1  38-years-old pregnant female with 29wks fetus, a, b fetal echo finding; Complete unbalanced AVSD, dilated main pulmonary artery, 
pulmonary regurge, (c-f ) FCMRI finding: Cardiomegaly with large common atrium (white arrow in c), hypoplastic left ventricle with atretic mitral 
valve and large membranous VSD (green arrow in c), hypoplastic aortic arch (short arrow in d), thickened tricuspid valve(green arow in e),and 
normal pulmonary venous drainage to small left atrium (two arrows in f). c, e Axial BTFE (110 flip angle) four chambers and outlet views, d, f Black 
blood sequence
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anterior abdominal wall defects as omphalocele and 
its contents in 3 cases, microphthalmia and syndro-
mic correlation in 2 cases. Excluding arteriovenous 

malformation (AVM) that may cause cardiac overload 
and right-side dilatation in 1 case, measurement of 
skull bony defect and differentiate contents of sac either 

Table 4  Comparison between agreement of Fetal MRI and Fetal Echo with Post-natal echo regarding individual congenital anomaly 
(n = 34)

VSD, ventricular septal defect; DILV, double inlet left ventricle; DORV, double outlet right ventricle; ASD, atrial septal defect; TV, tricuspid valve; AV, atrioventricular; VA, 
ventriculoarterial; RAA, right side aortic arch

Anomaly Post-natal 
echo

Agreed with 
Fetal MRI

Kappa agreement test Agreed with 
Fetal Echo

Kappa agreement test

k p value k p value

VSD 8 8 1.000 < 0.001** 6 0.750 0.012*

Right hypoplastic &DILV 2 2 1.000 < 0.001** 2 1.000 < 0.001**

Left hypoplastic & DORV 4 2 0.500 0.248 4 1.000 < 0.001**

ASD 6 6 1.000 < 0.001** 4 0.667 0.028*

Apparent cardiomegaly 10 10 1.000 < 0.001** 10 1.000 < 0.001**

Pericardial effusion 6 6 1.000 < 0.001** 6 1.000 < 0.001**

Right side dilatation & thick TV 2 2 1.000 < 0.001** 2 1.000 < 0.001**

AV&VA discordance 2 2 1.000 < 0.001** 2 1.000 < 0.001**

Truncus arteriosus& RAA​ 2 2 1.000 < 0.001** 0 0.000 1.000

Ebstien anomaly 2 2 1.000 < 0.001** 2 1.000 < 0.001**

Table 5  Sensitivity, positive predictive value, negative predictive value and accuracy of Fetal MRI and Fetal Echo regarding to 
individual and over all cardiac anomalies:

VSD, ventricular septal defect; DILV, double inlet left ventricle; DORV, double outlet right ventricle; ASD, Atrial septal defect; TV, tricuspid valve; AV, atrioventricular; VA, 
ventriculoarterial; RAA, right side aortic arch

Anomaly Post-natal Echo Sensitivity % (%) Positive 
predictive value 
(%)

Negative 
predictive value 
(%)

Accuracy (%)

VSD Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 75.0 100.0 25.0 75.0

Right hypo-plastic & DILV Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

Left hypo-plastic & DORV Agreed with Fetal MRI 50.0 100.0 50.0 50.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

ASD&AVSD Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 66.7 100.0 33.3 66.7

Apparent cardiomegaly Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

Pericardial effusion Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

Right side dilatation & thick TV Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

AV&VA discordance Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

Truncus arteriosus & right sided AA Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 0.0 0.0 100.0 0.0

Ebstien anomaly Agreed with Fetal MRI 100.0 100.0 0.0 100.0

Agreed with Fetal Echo 100.0 100.0 0.0 100.0

Over all Agreed with Fetal MRI 95.5 100.0 4.5 95.5

Agreed with Fetal Echo 86.4 100.0 13.6 86.4
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encephalo-meningocele or encephalo-myelomenin-
gocele with corpus callosum hypoplasia in 2 cases. 
Grading of congenital hydronephrosis and post urethral 
valve obstruction in 2 cases, confirmation of suspected 
talipes in1case. Anterior chest wall defect, liver hernia-
tion through omphalocele, positional ectopia cordis of 
the left ventricular (LV) apex, and diaphragmatic her-
nia in 1 case.

Discussion
Although fetal echocardiography has been used success-
fully for many years in the diagnosis of fetal congenital 
cardiovascular abnormalities, there is a need at times for 
additional information without limitation to the acoustic 
windows [2]. FCMR avoids exposure to ionizing radiation 
and no clinical or experimental evidence has indicated 
that CMR has any adverse effects on the human fetus [3].

The mean gestational age in our studied cases was 
30.81 ± 4.30 ranged from 24 to 39 contrary to the results 
of the study of Tavares de Sousa et al. [6] who mentioned 
that the mean gestational age at MRI was 34  weeks 
(range 28 to 36 weeks). Zhu [5] stated that the mean ges-
tational age in their study group was 27 weeks (range 17 
to 39 weeks).

Zhu [5] found that 280 cases of CHD including ven-
tricular septal defect (VSD), coarctation of aorta (CoA), 
interrupted aortic arch (IAA), double aortic arch, tetral-
ogy of fallot (TOF), D type transposition of great arteries 
(D-TGA), L-TGA, pulmonary atresia (PA)/VSD, double 
outlet right ventricle (DORV), hypoplastic left ventri-
cle syndrome (HLVS), tricuspid atresia (TA) and others, 
MRI provided additional important information to fetal 
echocardiography at 51(18%) cases while in our present 
study the 52 cases of CHD included VSD, atrial septal 
defect (ASD), right-sided dilatation, atrioventricular (AV) 
– ventriculoarterial (VA) discordance, right hypoplastic, 
HLVS, TGA, right side aortic arch (RAA), and others. 
MRI provided additional information at 32 cases (61%). 
Four chamber view still is the most important view. The 
fetal MR imaging of the transverse view of aortic arch 
just like the “three vessels view” in fetal echo also is very 
important [5].

In the present study, there was statistically significant 
agreement between FCMRI and fetal echo regarding 
VSD, right hypoplastic ventricle (RHV) & double inlet 
left ventricle (DILV), (ASD), apparent cardiomegaly, 
Pericardial effusion, right side dilatation & thick tricus-
pid valve (TV), AV&VA discordance, TGA & RAA and 
Ebstien anomaly that agrees with the study done by 
Tavares de Sousa et al. [6] who stated that There was full 
agreement (κ = 1) between fetal echocardiography and 
cardiac MRI in evaluating the cardiac situs, descend-
ing aorta, transverse cardiac diameter, foramen ovale, 

relationship between tricuspid and mitral valve planes 
and ventricular contraction patterns.

Gorincour et al. [7] added the assessment of ventricu-
lar looping by MRI as being possible in all fetuses as well 
which agreed with our study in a case of positional meso-
cardia, anterior chest wall defect causing ectopia cordis 
and small liver herniation with omphalocele Fig.  2. In 
particular, all the morpho-volumetric abnormalities of 
the heart and the cardiac chambers as well as the abnor-
malities of rotation were visualized by direct signs: car-
diomegaly through the measurement of a cardio/thorax 
ratio (C/T ratio) over 1/3; hypoplastic left heart syn-
drome through the reduction in size of the left chambers; 
pericardial effusion through the detection of a high signal 
intensity fluid which agrees with 6 cases of our study.

In Manganaro et al. [8] as regards extra cardiac abnor-
malities, MRI detected a CNS pathology in 6 fetuses, a 
non-CNS pathology in 13 fetuses which agree with our 
study which detect extra cardiac anomalies in 15 fetuses 
(CNS in 4 fetuses, non-CNS in 11 fetuses) Fig. 3.

Saleem [9] study including 20 fetuses concluded that 
cardiac MRI can be used to determine the cardiac param-
eters outlined by Gorincour et  al. [7], Manganaro et  al. 
[8] which include visceroatrial situs, cardiac position, 
cardiac size, cardiac axis, cardiac chambers, ventricular 
looping, inflow veins, outflow vessels, ventriculoarterial 
concordance, side of the aortic arch and all cardiac ana-
tomic components were classified into one of two cat-
egories: well visualized or poorly or non-visualized. In 
our study there was statistically fair agreement compar-
ing post-natal gold standard echo & fetal echo and fetal 
MRI in diagnosis of right-side dilatation & TV thicken-
ing, right hypoplastic &DILV, AV&AV discordance and 
Ebstien anomaly.

Strength of our study, that there was statistically sig-
nificant higher accuracy of diagnostic agreement with 
Fetal MRI (95.5%) compared to Fetal Echo (86.4%), with p 
value < 0.001 which agrees with the results of Dong et al. 
[3] study which found that Fetal MRI diagnostic accuracy 
rate was (79%) is significantly higher than the routine 
obstetric US (46%) in their study.

Finally, it should also be noted that the MRI stud-
ies provided several important complementary imag-
ing that could directly or indirectly impact the cardiac 
prognosis, for example describing the devastating extent 
of pulmonary compression from a very large diaphrag-
matic hernia in a fetus that did not survive to term [10]. 
Fetal MRI can also be used to assess lung parenchymal 
lesions and airway compromise in CHD and demonstrate 
the presence of pulmonary lymphangiectasia in a fetus 
with hypoplastic left heart syndrome [11]. Limperopou-
los et al. [12], Brossard-Racine et al. [13] studies agreed 
with our conclusion and stated that MRI of the fetal brain 
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may provide crucial information to clinicians and parents 
regarding medium-term and long-term prognoses, which 
may have a profound effect on both prenatal and postna-
tal management independent of the underlying cardiac 
diagnosis. Our study is unique in describing extracardiac 
anomalies with follow up confirmation postnatally.

Limitation
Throughout our small sample size study, FCMR has been 
limited due to technical challenges mainly the lack of a 
fetal cardiac gating, maternal exhaustion, and unexpect-
ing fetal movements.

Conclusions
Fetal cardiac MR is a complementary imaging modal-
ity that uses nonionizing radiation, good tissue con-
trast and large field of view, not limited by maternal 
obesity or overlying bone and ability of scanning the 
fetus in different planes, whatever the fetal lie. In our 
study, standard post-natal evaluation by echocardiog-
raphy shows higher statistically significant sensitivity 
in agreement with Fetal MRI (95.5%) compared to Fetal 
Echo (86.4%) of overall anomalies, with p value < 0.001 
HS. FCMRI also played a great role in diagnosis of 
extra cardiac malformation in post-nataly confirmed 

Fig. 2  FCMR of 33wks male fetus shows, A sagittal fetal body BTFE (110 flip angle) shows anterior abdominal wall bulge with small omphalocele 
containing liver tissue (green arrow in A), B cardiac Black blood axial view shows positional mesocardia, C, D axial BTFE show anterior chest wall 
defect measuring 2.5 cm causing ectopia cordis of cardiac apex (green arrow in D). IUFD was occurred two weeks later



Page 8 of 9Hassan et al. Egypt J Radiol Nucl Med           (2022) 53:98 

15 cases. In conclusion, MR imaging as an adjuvant to 
fetal echocardiography may provide valuable informa-
tion that could add to the prenatal diagnosis and evalu-
ation of cardiac and most of extra cardiac anomalies, 
and provides additional information that improves 
post-natal follow-up and management.
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