
 
 

1. Introduction 

 

Magnetic resonance  imaging (MRI) has been well established for the detailed depiction of 

developmental anomalies of the fetal brain for several decades. More recent applications  

also include the investigation of congenital cardiac lesions, the results of which have 

significantly enhanced the counselling of affected pregnancies[1].  

MRI has several conceptual advantages over ultrasound (US). Ultrasound is operator 

dependent  and images acquired can be limited by maternal habitus, oligohydramnios and 

fetal lie. MRI can obviate these issues especially with recent post-acquisition processing that 

allows for motion correction, applied not only to the brain but also the abdominal cavity[2,3]. 

Since most published series report cases where an ultrasound has been performed prior to 

MRI and therefore produced unblinded reports, we anticipate a potential overemphasis on 

the diagnostic value of MRI. This study explored the information made available on 

contemporary MRI and ultrasound of the fetal body in a cohort of fetuses with identified 

anomalies of varying severity: including anomalies that were identified de novo in the MRI 

study. The study population also included a large cohort of low-risk fetuses who were 

recruited as controls and therefore it was possible to study incidental findings in healthy 

pregnancies.  

 

2. Methods 

This study was a retrospective analysis of data already acquired as part of the iFIND imaging 

study which had full ethical approval (14/LO/1806). The study recruited pregnant women 

with anomalies identified on their 18-20 antenatal US who had then been seen in the regional 



fetal medicine unit at St. Thomas’ Hospital, London for a specialist ultrasound +/- fetal 

echocardiogram.  Healthy controls were recruited through the antenatal services at St. 

Thomas’ Hospital. Patients subsequently underwent MRI and US at the same time and these 

were reported by separate individuals, however MRI reports were not blind to findings from 

initial anomaly scan or any subsequent clinical US findings.  

All patients within the study with complete postnatal outcome data from delivery and 

newborn assessment were eligible for inclusion. Analysis was performed on three groups of 

patients: those with pre-identified body anomalies, those with brain or cardiac anomalies, 

and normal controls. Incidental findings of additional anomalies, and additional information 

made available from MRI were noted.  

Each case included was examined by three independent clinicians with a background in 

antenatal counselling and clinical practice pertaining to the system of interest (i.e. Maternal-

Fetal Medicine, Perinatal Neurology, Neonatal and Paediatric General Surgery and 

Cardiology). Imaging reports and clinical notes for mother and newborn were assessed. 

Consensus was reached on whether the information available from the MRI would modify the 

antenatal management (i.e. change of counselling, increased frequency of appointments, 

change to the birth plan or prompting a termination of pregnancy) or the postnatal 

management (i.e. prompting investigation, early intervention or redirection of care in the 

neonatal period). This was summarised by grading the anomaly (1-5): 1. No consequence, no 

follow-up; 2. Further imaging / monitoring; 3. Needs postnatal intervention - not life 

threatening; 4. Needs fetal or neonatal intervention - life threatening; 5. Lethal.  

As the descriptive data obtained were not strictly quantitative, it was not deemed appropriate 

to perform statistical analyses. 

 



3. Results 

 

Among 531 fetal MRI performed in 522 mothers (9 twin pregnancies); there were a total of 

54 body anomalies identified on fetal MRI; 37 of which had been identified prior to inclusion 

listed as identified body anomalies in Figure 1. A further 17 body anomalies were found at the 

time of the MRI scan and were not detected on US, these have been classed as incidental 

findings. 

 
 

3.1 Incidental Findings 

Seventeen anomalies were identified incidentally (i.e. not noted on clinical or 

contemporaneous research ultrasound); five of which were identified in 329 normal 

volunteer pregnancies, giving a rate of detection 1.5% (Table 1). All five of these anomalies 

were judged to be of minimal significance: 80% were in the renal system with unilateral 

borderline pelvicalyceal dilatation or uncomplicated duplex system. There was also a finding 

of a sub-centimetre nasolacrimal cyst. 

Twelve of 171 (7%) of patients with identified cardiac / CNS lesions had body findings on their 

MRI that were discrepant with their contemporary USS (Table 1). Again, the main system 

affected was the renal tract and bladder (5/12, 42%). Importantly, specific information on 

MRI of the fetal brain led to termination of pregnancy in one case with open spina bifida 

(myelomengingocele – MMC) and one with skeletal anomalies and USS identified cerebellar 

anomaly (Table 2).  

In 3 cases, abnormal anatomy considered to be an additional body anomaly had been 

suspected based upon USS findings at the FMU scan (central heart giving suspicion for CDH 

or congenital lung lesion; bilateral talipes; large stomach suggesting bowel obstruction) in 



these cases, MRI reported completely normal anatomy – which meant counselling could be 

modified just to concern the previously identified anomaly. 

 

3.2 Recognised Body Anomalies 

Fetal MRI was also performed in  37  cases with USS detected body anomalies (18% of the 

208 recruited patients with fetal anomalies); additional or more detailed body findings were 

demonstrated with MRI in many of these (Table 1+2). MRI depicted more concerning features 

for prognosis in 10 cases. This included definitive diagnoses of suprarenal neuroblastoma, 

bronchopulmonary sequestration (BPS) with an identified systemic feeding vessel from the 

thoracic aorta, intestinal malrotation with likely distal intestinal obstruction, bilateral 

complicated duplex kidney, posterior urethral valves and long-gap oesophageal atresia. TOP 

was opted for once further delineation of anatomy was made available in 2 cases of massive 

exomphalos with abnormal brain findings of ventriculomegaly, and thoracolumbar MMC with 

an anterior cystic mass.   

In 25 of the 37 cases, the MRI findings did not change the severity of prognosis; however, 

there were 5 cases in which the additional information would have modified the antenatal 

course (i.e. additional counselling in 3 cases plus further MRI of renal dilatation in suspected 

PUV with oligohydramnios, and confirmation of separation from the airway in a neck mass 

assuring no need for an EXIT procedure). There were 2 cases in which postnatal management 

was modified (renal ultrasound for hydronephrosis and contrast study on day one of life). 

In the 2 remaining cases, MRI demonstrated normal anatomy where cervical lymphatic 

malformation (diagnosed nuchal oedema) and intestinal obstruction (due to echogenic 

bowel) had been suspected on US at referral and ongoing study with US at the time of MRI. 



In both cases, there was hence no need for further antenatal counselling nor postnatal follow-

up. 

 

3.3 Changes to the antenatal or postnatal course 

Regarding the incidental or newly discovered anomalies, there were no severe abnormalities 

diagnosed de novo on MRI, however MRI gave additional prognostic information that 

modified the clinical course in 5/17 pregnancies (29%, Table 2); these were all cases of 

additional findings in patients with recognised cardiac or CNS anomalies. Comparatively, in 

the 37 patients with body anomalies at entry into the study, information was made available 

that led to a change in the prenatal or postnatal course in 21 patients (59%, Table 2). 

 

3.4 Cases that were missed 

Important to note were cases within the series where neither US nor MRI made a complete 

diagnosis.  One was a diagnosis of oesophageal atresia in a fetus scanned for bilateral superior 

vena cava but no other anomalies. A distal trachesophageal fistula was identified at the time 

of primary repair aged 2 days. Retrospective review of the images suggested a possible 

discontinuity of the oesophagus (Figure 3A) as well as enlargement of the upper oesophagus 

(not shown). There were also cases of antenatally-undetected anorectal malformation (ARM) 

in two unrelated fetuses with multiple identified anomalies, including major cardiac and 

suspected intestinal malrotation. The first underwent exploratory laparotomy after bilious 

emesis on day 1, having also been noted to have an abnormal perineal opening. Retrospective 

review of images could detect an anterior deflection of the rectum (Figure 3B), however the 

lack of mixed signal as would be expected in a fistula to the urinary tract makes the diagnosis 

very challenging. The second fetus had antenatally suspected upper GI obstruction 



(confirmed at neonatal laparotomy), and a subsequently diagnosed bulbar urethral fistula. 

The antenatal high obstruction would have limited the volume of meconium in the distal 

bowel, thereby making diagnosis on fetal MRI extremely difficult even on retrospective 

review of the images. 

 
 

4. Discussion 

We have demonstrated notable benefit to performing MRI in cases of US-identified body 

anomaly; with MRI providing clinically relevant complementary information in over half of 

the cases scanned. We reported additional information on MRI in 59% of USS pre-diagnosed 

body anomalies, as well as new body anomalies in 7% of pre-diagnosed cardiac/CNS  and  in 

1.5% of healthy control fetuses. Overall, in cases with confirmed body anomalies at 

enrolment, MRI provided additional information in 57% of fetuses, and was able to refute a 

diagnosis in five cases (9%). This is considerably higher than the reported yield by some 

previously published retrospective series; Amini et al. reported new information from MRI 

available in just one third of patients with suspected body anomaly, with very few new 

findings changing management[4]. Manganaro and colleagues reported very similar results 

to our study in a prospective series of 38 fetuses with US suspected intra-abdominal 

anomalies[5]; with 60.6% of MRI examinations providing additional information, and 5% of 

cases where MRI was able to refute a diagnosis suggested by US. We anticipate this 

discrepancy may represent a difference in definitions based on retrospective data collection: 

we regarded antenatal management to be altered if further scans were performed, if 

counselling were changed or if the delivery plan might be altered. Postnatal management was 

judged to be changed if the MRI findings dictated investigations in the neonatal period: in our 



series, two neonates underwent investigation to rule out suspected malrotation or posterior 

urethral valves.  

We also report within this series, a 1.5% rate of incidental fetal abdominal findings in healthy 

control pregnancies. Our previous exploration of 2,569 retrospective cases undergoing fetal 

MRI has suggested that the rate of detection of additional incidental anomalies in fetal MRI 

may be considerably higher when identified CNS and cardiac anomalies are included[6]. It 

should be recognised that many of these are clinically insignificant but might warrant further 

investigation and occasionally incidental findings in healthy pregnancies may have major 

significance (i.e. congenital lung lesions, cerebral haemorrhage, polymicrogyria)  therefore, 

the possibility of incidental findings and how these will be managed should always be 

discussed at recruitment and prior to consenting for research MRI. 

Valid comparisons between clinical USS  and later MRI are difficult as many anomalies such 

leading to hollow viscus dilatation or changes in liquor volume may evolve over time and 

hence be more or less evident at later gestations. We feel that the ability to compare MRI-

derived information with US performed at the same gestation is therefore a strength of this 

study. 

While this study is able to provide information from a large number of pregnancies 

undergoing contemporary US and MRI, the low prevalence of specific regional anomalies 

mean that the data here cannot produce meaningful information regarding diagnostic 

accuracy or sensitivity, furthermore the majority of cases reported here would have been 

recruited to the study with an anomaly already suspected. It should also be noted however, 

that those studies reporting larger retrospective series of prenatally evaluated lesions also 

will be subject to selection bias and review bias owing to the pre-selection of higher severity 

cases to undergo MRI. This could lead to an overestimation of the sensitivity and specificity 



of MRI for diagnosis of specific lesions and should be regarded as an inherent limitation even 

when assessing meta-analyses as have been published for prenatal diagnosis of orofacial 

cleft[7] or oesophageal atresia[8]. This is reinforced from our own dataset, whereby a fetus 

with oesophageal atresia was not diagnosed despite fetal MRI, however this fetus also lacked 

the imaging features of polyhydramnios or microgastria. We must also acknowledge that 

certain anomalies may be particularly challenging to diagnose on MRI; as is demonstrated by 

two cases of ARM in fetuses with multiple anomalies. 

Despite the widespread use of fetal MRI in the clinical setting for over a decade, there are few 

studies previously published that have attempted to explore the added benefits of MRI to the 

routine US that might be performed in the antenatal monitoring of identified congenital body 

anomalies. We anticipate that further evidence to demonstrate clinical effectiveness will 

strengthen recommendations made by expert bodies proposing the use of fetal MRI in these 

cases, which are poorly adhered to at present[9]. Furthermore, with improved diagnostic and 

prognostic value, fetal body MRI is likely to return similar benefits to that which have been 

shown for MRI of the fetal brain – where the cost of scanning is considered to be justified by 

the alterations to management[10].  It should be reinforced that expert US represents an 

excellent modality for the diagnosis and prognostication of many congenital anomalies, and 

owing to cost and access implications would likely continue as the mainstay of antenatal 

imaging, especially in conditions which might require serial monitoring such as congenital 

lung lesions[11], or gastroschisis[12]. On the basis of our data presented here, we would 

recommend that any fetus with an US-identified anomaly (including CNS/cardiac anomalies) 

ought to undergo fetal MRI with specific sequence acquisition to allow examination of the 

fetal body. Standardised, prospectively imaged cohorts will allow diagnostic sensitivity and 

specificity to be calculated; to further add to ultrasound-based metrics[13,14].   



 

Figure Legends 

Figure 1. Study Enrolment 
 
Figure 2.  Timing of study scans 
 
Figure 3 – Cases missed on initial MRI 

a- B-TFE (balanced turbo field echo) image of fetus at 30+5w scanned because of 
bilateral SVC. A lack of continuity of the oeosphagus can be appreciated (*) as well 
as dilatation of the upper oesophagus on other sequences that were taken (not 
shown). 

b-  T2-weighted image of fetus at 32+3w scanned for cardiac concerns; the bladder 
and posterior urethra are distended (*) the distal rectum which could be seen to 
have a slight anterior angulation (arrow). The postnatal evaluation demonstrated 
an anorectal malformation with perineal fistula, the urethra was confirmed to be 
normal. 

c- T2-weighted MRI of fetus at 31+3w scanned for cardiac concerns; dilated stomach 
and duodenum are clear (*) with a paucity of meconium in the distal bowel. 
Postnatal evaluation suggested an anorectal malformation with bulbar fistula as 
well as duodenal atresia. 

 

References 

 
[1]  Lloyd DFA, Pushparajah K, Simpson JM, van Amerom JFP, van Poppel MPM, Schulz A, 

et al. Three-dimensional visualisation of the fetal heart using prenatal MRI with 
motion-corrected slice-volume registration: a prospective, single-centre cohort study. 
Lancet 2019;393:1619–27. doi:10.1016/S0140-6736(18)32490-5. 

[2]  Uus A, Zhang T, Jackson LH, Roberts TA, Rutherford MA, Hajnal J V, et al. Deformable 
Slice-to-Volume Registration for Motion Correction of Fetal Body and Placenta MRI. 
IEEE Trans Med Imaging 2020:1–1. doi:10.1109/TMI.2020.2974844. 

[3]  Davidson JR, Uus A, Matthew J, Egloff AM, Deprez M, Yardley I, et al. Fetal body MRI 
and its application to fetal and neonatal treatment: an illustrative review. Lancet 
Child Adolesc Heal 2021;5:447–58. doi:10.1016/S2352-4642(20)30313-8. 

[4]  Amini H, Wikstrã-M J, Ahlstrã-M H, Axelsson O. Second trimester fetal magnetic 
resonance imaging improves diagnosis of non-central nervous system anomalies. Acta 
Obstet Gynecol Scand 2011;90:380–9. doi:10.1111/j.1600-0412.2011.01071.x. 

[5]  Manganaro L, Saldari M, Bernardo S, Vinci V, Aliberti C, Sollazzo P, et al. Role of 
magnetic resonance imaging in the prenatal diagnosis of gastrointestinal fetal 
anomalies. Radiol Med 2015;120:393–403. doi:10.1007/s11547-014-0464-2. 

[6]  Story L, Knight CL, Ho A, Arulkumaran S, Matthews J, Lovell H, et al. Maternal and 
fetal incidental findings on antenatal magnetic resonance imaging. Pediatr Radiol 
2021. doi:10.1007/s00247-021-05074-z. 

[7]  van der Hoek-Snieders HEM, van den Heuvel AJML, van Os-Medendorp H, Kamalski 



DMA. Diagnostic accuracy of fetal MRI to detect cleft palate: a meta-analysis. Eur J 
Pediatr 2020;179:29–38. doi:10.1007/s00431-019-03500-x. 

[8]  Pardy C, D’Antonio F, Khalil A, Giuliani S. Prenatal detection of esophageal atresia: A 
systematic review and meta-analysis. Acta Obstet Gynecol Scand 2019;98:689–99. 
doi:10.1111/aogs.13536. 

[9]  Perrone EE, Abbasi N, Cortes MS, Umar U, Ryan G, Johnson A, et al. Prenatal 
assessment of congenital diaphragmatic hernia at north american fetal therapy 
network centers: A continued plea for standardization. Prenat Diagn 2021;41:200–6. 
doi:10.1002/pd.5859. 

[10]  Griffiths PD, Bradburn M, Campbell MJ, Cooper CL, Embleton N, Graham R, et al. MRI 
in the diagnosis of fetal developmental brain abnormalities: the MERIDIAN diagnostic 
accuracy study. Health Technol Assess 2019;23:1–144. doi:10.3310/hta23490. 

[11]  King A, Lee TC, Steen E, Olutoye OO, Belfort MA, Cassady CI, et al. Prenatal Imaging 
to Predict Need for Urgent Perinatal Surgery in Congenital Lung Lesions. J Surg Res 
2020;255:463–8. doi:10.1016/j.jss.2020.06.001. 

[12]  Lap CCMM, Pistorius LR, Mulder EJH, Aliasi M, Kramer WLM, Bilardo CM, et al. 
Ultrasound markers predicting complex gastroschisis and adverse outcome: a 
longitudinal prospective nationwide cohort study. Ultrasound Obstet Gynecol 2019. 
doi:10.1002/uog.21888. 

[13]  Kunisaki SM, Saito JM, Fallat ME, St Peter SD, Lal DR, Karmakar M, et al. Fetal Risk 
Stratification and Outcomes in Children with Prenatally Diagnosed Lung 
Malformations: Results from a Multi-Institutional Research Collaborative. Ann Surg 
2020. doi:10.1097/SLA.0000000000004566. 

[14]  Jani J, Nicolaides KH, Keller RL, Benachi A, Peralta CFA, Favre R, et al. Observed to 
expected lung area to head circumference ratio in the prediction of survival in fetuses 
with isolated diaphragmatic hernia. Ultrasound Obstet Gynecol 2007;30:67–71. 
doi:10.1002/uog.4052. 

 


