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INTRODUCTION

Fetal cardiac examination is an important part of 
obstetrical follow‑up during pregnancy and impacts 
future care of the infant. Fetal diagnosis allows for 
specially tailored preparations to be made for the 
delivery and early care of an infant with congenital 
cardiac anomalies (CCA). CCA affects nearly 9 per 
1,000 live births and represents the largest subclass of 
congenital anomalies.[1] Early detection of these lesions 
can ensure that the delivery occurs in a unit where the 
infant can receive specialized care where likelihood of 
morbidity and mortality may be decreased.

Echocardiography has been the primary method of 
fetal anatomic surveys, including cardiac surveys. With 
advancements in magnetic resonance imaging (MRI) 
technology, fetal MRI’s utility in detecting CCA is increasing.

DOCUMENTED CLINICAL EXPERIENCE

Fetal MRI has been used to diagnose various forms of CCA 
such as cardiac rhabdomyoma,[2] truncus arteriosus,[3]

isolated levocardia,[4] and others.[5‑9] A retrospective 
study recently defined fetal MRI findings to detect twin 
reversed arterial perfusion sequence in monochorionic 
pregnancies.[10]

Manganaro, et al., first reported their experience 
with cardiac MRI in a study of 31 fetuses, all with no 
cardiothoracic abnormalities noted on echocardiography. 
The study set out to determine what could be reliably 
obtained from cardiac survey with fetal MRI. Heart 
size was compared to the thorax, the cardiac apex 
located, ventricular septal thickness and angulation 
determined, structure and size of the cardiac chambers 
was determined, and cardiac function was evaluated. 
Cardiac MRI also allowed for delineation of the aorta, 
determining size and position of the pulmonary artery, 
aorta, and superior vena cava. The ductus arteriosus 
was also detected although the pulmonary veins were 
not detected.[7]

Ventricular shape and relative position and ventricular 
kinetics were also assessed by cardiac MRI. A retrospective 
analysis of ten fetal cardiac MRI studies, by Gorincour, 
et al., added the assessment of ventricular looping as 
being possible in all fetuses as well.[9] A 20‑fetus study 
by Saleem, et al., also concluded that cardiac MRI can be 
used to determine the cardiac parameters outlined by 
Mangano and Gorincour.[10] These findings demonstrate 
that fetal MRI can be used as an additional tool in CCA 
diagnosis.

Manganaro, et al., then reported a study of cardiac 
MRI on 32 fetuses, all of which demonstrated CCA on 
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echocardiogram. CCA assessments were made on the 
basis of direct and indirect signs, with 17 fetuses having 
CCA diagnosed by direct MRI signs, five by indirect signs, 
and nine by both direct and indirect. MRI ruled out a 
suspected diagnosis of hypoplastic left heart syndrome 
made in one fetus by echocardiograph. A variety of 
lesions was diagnosed by MRI use. This study, thus, 
established the feasibility of cardiac MRI in diagnosing 
CCA in fetuses.[8]

TECHNIQUES

Unique circumstances surrounding imaging the fetus 
have led to the investigation of various MRI techniques 
for use in this particular application. Brisk fetal heart 
rate and fetal movement require appropriate techniques 
that allow for rapid sequence MRI imaging. Two main MRI 
techniques are currently being utilized to accomplish 
this: Half acquisition single‑shot fast spin echo (HASTE) 
and steady state free precession imaging (TrueFISP).[11,12]

The HASTE sequence uses an excitation pulse followed 
by subsequent refocusing pulses. Images are then 
sequentially restructured with short imaging times which 
minimizes artifact due to fetal motion. Short scan times 
with the HASTE sequence are possible due to recent 
advancements in gradient efficiency and radio frequency 
(RF) systems. All this translates into image acquisition 
at a rate of less than two seconds per slice.[13] Previously 
mentioned studies by Manganaro, et al., Gorincour, et al., 
and other documented case reports have utilized the 
HASTE technique for CCA diagnosis via fetal MRI.[2,3,7,8]

In TrueFISP gradient echo based imaging technique 
in which transverse magnetization is rephased after 
multiple, rapid excitations. Here, short echo times 
allow for minimization of fetal movement artifact using 
TrueFISP.[14,15] The study by Saleem, et al., utilized this 
technique.[10]

Motion artifact is not the only obstacle when using 
cardiac MRI to image the fetus as a gating signal is usually 
required for such imaging as well. Cardiac MRI may be 
gated to an electrocardiogram or pulse monitor, neither 
of which is a practical method for fetal studies. There are 
four gating alternatives that have been described that 
can help overcome this.

One such alternative is real‑time imaging with rapid 
acquisition so that no gating is required. However, 
the loss of temporal and spatial resolution is an issue, 
particularly in fetal cardiac imaging due to small fetal 
structures and rapid heart rates making the resulting 
images of questionable clinical value. Real time imaging 
is used to produce cine MRI which can allow for dynamic 
assessment of function.[16]

MRI images can also be acquired with no gating at all with 
use of nontriggered acquisition. Images are acquired with 

no concern for the cardiac phase they represent; although, 
the entire series of images is believed to be ample enough 
to represent all cardiac phases equally. There is a loss of 
any dynamic analysis with nontriggered acquisition and 
studies on the great vessels are of limited yield due to 
dynamic changes throughout the cardiac cycle.

Self‑gating is a technique in which retrospective analysis 
of acquired MRI data allows for a gating signal to 
be extracted from the data itself. With no need for 
monitoring equipment, self‑gated MRI is a feasible 
method to use for fetal cardiac studies. While there have 
been no documented reports of self‑gated MRI being 
used for fetal cardiac studies in humans, Holmes, et al., 
applied the method to chick embryos in ovo and Nieman, 
et al., applied the method to fetal mice with good quality 
images.[17,18] More recently, Yamamura, et al., studied 
self‑gating on fetal sheep compared to real cardiac gating. 
This study found that self‑gating allows for anatomical 
and functional evaluation with images being only slightly 
inferior to those acquired using real cardiac gating.[19]

Jansz, et al., recently reported metric optimized gating, 
a new gating strategy. Misgating artifact is detected 
through evaluation of image metrics while images are 
retrospectively analyzed. This technique does require 
that each segment is imaged throughout the entire 
cardiac cycle for proper reconstruction of images. This 
study simulated MRI studies of fetal vessels by imaging 
the carotid arteries of volunteers since these vessels 
have a similar size to fetal great vessels. One fetus was 
also imaged using this technique. Both of these analyses 
validated this gating method.[20]

ADVANTAGES AND LIMITATIONS

When compared to echocardiography, MRI does offer 
some advantages when it comes to diagnosing CCA. 
MRI offers better estimates of chamber volume than 
standard echocardiography. Volume measurements 
made using two‑dimensional echocardiography are 
often inaccurate due to the estimates being made 
with assumption of chamber shape. Particularly in 
patients with CCA, this could lead to gross over‑ or 
underestimation of chamber volumes. An ex vivo 
comparison of cardiac MRI and three dimensional 
echocardiography demonstrated greater image quality 
and structural detail in MRI‑obtained studies.[21] This 
finding, however, may not necessarily extrapolate for 
fetal MRI at this time due to the limitations imposed by 
current gating techniques. Unlike echocardiography, 
MRI is also not limited by acoustic window. Additionally, 
factors such as oligohydramnios and maternal obesity 
don’t affect fetal MRI studies.[22,23] Operator dependence 
of actual image acquisition is another issue with fetal 
echocardiography but not for fetal MRI.[24] A recent study 
by Yamamura, et al., also demonstrated MRI’s ability to 
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allow for complete evaluation of fetal great vessels, a 
task often not accomplished with echocardiography.[25]

Fetal MRI does have some limitations when compared to 
echocardiography. Fetal movements can affect imaging 
although maternal sedation and recent advancements in 
image acquisition sequences can help alleviate some of these 
effects.[12,26] When compared to MRI, echocardiography also 
allows for simpler flow evaluation via use of Doppler and 
color. However, through‑plane velocity does allow for flow 
to be estimated using MRI.[20] There is paucity of fetal MRI 
studies during first trimester.[27]

SAFETY

Animal studies focusing on safety of fetal MRI have had 
mixed results. Studies have found that mid‑gestation 
exposure to MRI had no gross effects on mice other 
than a reduction in crown‑rump length,[28] no effect on 
mortality or hatching rate of chickens,[29] no effects on 
cell proliferation and migration effects in chickens,[30] 
and no effect on axonal growth in chickens.[31] One study 
did note increased abnormalities and mortality rates in 
six day embryos after exposure to 1.5T MRI.[32] Fetal MRI 
studies in humans have found the following: No increase 
in disease during three year follow‑up in children imaged 
in utero,[33] no impact on intrauterine fetal growth,[34] 
and no change in cardiotocographic measurements.[35‑37]

Fetal safety of MRI relate to three major parts of the MRI: 
Static magnetic field, RF, and electromagnetic field (EMF). 
Static magnetic fields and their effects on embryogenesis 
have been studied with some studies finding that fields 
even up to 8 T did not have any negative impact on 
cleavage, division, differentiation, or growth of human 
culture cells.[38,39] Chick embryo membranes were found 
to be unaffected by static magnetic fields up to 5 mT[40] 
while a study by Mevissen, et al., did document increased 
fetal loss when pregnant rats were exposed to 30 mT static 
fields.[41] Other studies have noted decreased survival 
fraction for mouse embryos in the two‑cell stage after 
being exposed to a 1.5 T static field for 30 minutes,[42] 
delay and reduction of hatching Heliothis veriscens 
eggs,[43] irreversible damage in the cerebellar cortex of 
chicks exposed to 20 mT magnetics fields as embryos.[44]

A human study focusing on pregnant MRI workers found 
no significant differences among pregnancy parameters 
in women who were exposed to MRI magnetic fields.[45]

Duration of exposure is noted to be associated with more 
of the adverse effects noted in other animal models.

Along with the static magnetic fields employed by MRI, 
there are also RF fields which can cause thermal heating. 
Fluctuations in fetal temperature can adversely affect the 
fetus, particularly during times of peak organogenesis. 
Studies have noted increased risk of neural tube defects 
and craniofacial defects in babies exposed to a rise of 2°C 
over 24 hours. Intrauterine temperature was monitored 

in pregnant pigs undergoing imaging with 1.5 T MRI 
with no significant temperature increase observed.[46] 
Kawabata, et al., did the same in a pregnant rabbit with 
similar results. While the studies noted are limited in 
the number of animals studied, it doesn’t appear that 
RF induces a temperature increase harmful to the fetus 
in humans with standard use.

Electromagnetic gradient fields (EMF) raise questions 
about biological effects as well as acoustic noise. 
Rodegerdts et al., studied the effect of EMF on fetal human 
fibroblasts and found no significant differences between 
those exposed to MRI with static field turned off and 
those not exposed to MRI.[47] Guisasola et al., also studied 
EMF effect on in‑vitro cells and found no significant 
effects.[48] In addition to temperature increase, EMF also 
has implications due to acoustic noise generated by 
rapid switching of currents in the coils. The result is loud 
knocks that can range from 80 dB to 120 dB among MRI 
machines.[49] Exposure of a fetus to loud sounds can result 
in diminished hearing during childhood. Baker et al., 
performed a 3 year follow‑up test of children imaged with 
fetal MRI and found that two out of 18 children failed a 
distraction test at the age of 8 months.[33]

Bearing all in mind, it appears that MRI used appropriately 
within standard parameters on 1.5 T and 3 T machines 
should be safe for fetuses.

CONCLUSIONS

Recent advances in imaging technology and gating have 
made fetal cardiac MRI feasible. MRI is a safe adjunct 
that can help more properly delineate both normal 
and abnormal cardiac anatomy. MRI may be utilized as 
an adjunct to fetal echocardiography when required. 
Further advances in technology will expand the role of 
fetal MRI in the diagnosis of CCA and possibly provide 
insights into cardiac embryogenesis in the future.

REFERENCES

1. Bahtiyar MO, Dulay AT, Weeks BP, Friedman AH, 
Copel JA. Prevalance of congenital heart defects in 
monochorionic/diamniotic twin gestations: A systematic 
literature review. J Ultrasound Med 2007;26:1491‑8.

2. Kivelitz DE, Mühler M, Rake A, Scheer I, Chaoui R. MRI 
of cardiac rhabdomyoma in the fetus. Eur Radiol 2004; 
14:1513‑6.

3. Mühler MR, Rake A, Schwabe M, Chaoui R, Heling KS, 
Planke C, et al. Truncus arteriosus communis in 
midtrimester fetus: Comparison of prenatal ultrasound 
and MRI with postmortem MRI and autospy. Eur Radiol 
2004;14:2120‑4.

4. Katsuya S, Yamada S, Ukita M, Nishimura H, Matsumura N, 
Fukuhara K, et al. Isolated levocardia: Prenatal diagnosis 
and management. Congenit Anom (Kyoto) 2009;49: 
56‑60.



175Annals of Pediatric Cardiology 2011 Vol 4 Issue 2

Loomba, et al.: Fetal MRI

5. McMahon CJ, Taylor MD, Cassady CI, Olutoye OO, 
Bezold LI. Diagnosis of pentalogy of cantrell in the fetus 
using magnetic resonance imaging and ultrasound. 
Pediatr Cardiol 2007;28:172‑5.

6. Guimaraes CV, Kline‑Fath BM, Linam LE, Calvo Garcia MA, 
Rubio EI, Lim FY. MRI findings in multifetal pregnancies 
complicated by twin reversed arterial perfusion 
sequence. Pediatr Radiol 2011;41:694‑701.

7. Manganaro L, Savelli S, Di Maurizio M, Perrone A, Tesei J, 
Francioso A, et al. Potential role of fetal cardiac evaluation 
with magnetic resonance imaging: Preliminary experience. 
Prenata Diagn 2008;28:148‑56.

8. Manganaro L, Savelli S, Di Maurizio M, Perrone A, 
Francioso A, La Barbera L, et al. Assessment of congenital 
heart disease: Is there are a role for fetal magnetic 
resonance imaging. Eur J Radiol 2009;72:172‑80.

9. Gorincour G, Bourlière‑Najean B, Bonello B, Fraisse A, 
Philip N, Potier A, et al. Feasibility of fetal cardiac 
magnetic resonance imaging: Preliminary experience. 
Ultrasound Obstet Gynecol 2007;29:105‑8.

10. Saleem SN. Feasibility of MRI of the fetal heart with 
balanced steady state free procession along fetal body and 
cardiac planes. AJR Am J Roentgenol 2008;191:1208‑15.

11. Weinreb JC, Lowe T, Cohen JM, Kutler M. Human fetal 
anatomy: MR imaging. Radiology 1985;157:715‑20.

12. Powell MC, Worthington BS, Buckley JM, Symonds EM. 
Magnetic resonance imaging in obstetrics II. Fetal 
anatomy. Br J Obstet Gynaecol 1988;95:38‑46.

13. Levine D, Hatabu H, Gaa J, Atkinson MW, Edelman RR. 
Fetal anatomy revealed with fast MR sequences. AJR Am 
J Roentgenol 1996;167:905‑8.

14. Chavhan GB, Babyn PS, Jankharia BG, Cheng HL, Shroff MM. 
Steady‑state MR imaging sequences: Physics, classification, 
and clinical applicatoins. Radiographics 2008;28:1147‑60.

15. Fuchs F, Laub G, Othomo K. TrueFISP: Technical 
consideration and cardiovascular applications. Eur 
J Radiol 2003;46:28‑32.

16. Manganaro L, Savelli S, Di Maurizio M, Francioso A, 
Fierro F, Tomei A, et al. Fetal MRI of the cardiovascular 
system: Role of steady state free precession sequences for 
the evaluation of normal and pathological appearances. 
Radiol Med 2009;114:852‑70.

17. Olmes WM, McCabe C, Mullin JM, Condon B, Bain MM. 
Noninvasive self‑gated magnetic resonance imaging of 
developing chick embryos in ovo. Circulation 2008;117: 
e346‑7.

18. Nieman BJ, Szulc KU, Turnbull DH. Three‑dimensional, 
in vivo MRI with self‑gating and image coregistration in 
the mouse. Magn Reson Med 2009;61:1148‑57.

19. Yamamura J, Frisch M, Ecker H, Graessner J, Hecher K, 
Adam G, et al. Self‑gating MR imaging of the fetal heart: 
Comparison with real cardiac triggering. Eur Radiol 
2011;21:142‑9.

20. Jansz MS, Seed M, van Amerom JF, Wong D, 
Grosse‑Wortmann L, Yoo SJ, et al. Metric optimized gating 
for fetal cardiac MRI. Magn Reson Med 2010;64:1304‑14.

21. Meyer‑Wittkopf M, Cook A, McLennan A, Summers P, 
Sharland GK, Maxwell DJ. Evaluation of three dimensional 

ultrasonography and magnetic resonance imaging in 
assessment of congenital heart anomalies in fetal cardiac 
specimens. Ultrasound Obstet Gynecol 1996;8:303‑8.

22. Benacerraf BR. Examination of the second‑trimester 
fetus with severe oligohydramnios using transvaginal 
scanning. Obstet Gynecol 1990;75:491‑3.

23. Hendler I, Blackwell SC, Bujold E, Treadwell MC, Wolfe HM, 
Sokol RJ, et al. The impact of maternal obesity on mid 
trimester sonographic visualization of fetal cardiac and 
craniospinal structures. Int J Obes Relat Metab Disord 
2004;28:1607‑11.

24. Gottliebson WM, Border WL, Franklin CM, Meyer RA, 
Michelfelder EC. Accuracy of fetal echocardiography: 
A cardiac segment specific analysis. Ultrasound Obstet 
Gynecol 2006;28:15‑21.

25. Yamamura J, Schnackenburg B, Kooijmann H, Frisch M, 
Hecher K, Adam G, et al. Magnetic resonance angiography 
of fetal vessels: Feasibility study in the sheep fetus. Jpn 
J Radiol 2010;28:720‑6.

26. Van de Velde M, Van Schoubroeck D, Lewi LE, Marcus MA, 
Jani JC, Missant C, et al. Remifentanil for fetal immobilization 
and maternal sedation during fetoscopic surgery: 
A randomized double blind comparison with diazepam. 
Anesth Analg 2005;101:251‑8.

27. Dhanantwari P, Lee E, Krishnan A, Samtani R, Yamada S, 
Anderson S, et al. Human cardiac development in the 
first trimester: A high resolution magnetic resonance 
imaging and episcopic fluorescence image capture atlas. 
Circulation 2009;120:343‑51.

28. Heinrichs WL, Fong P, Flannery M, Heinrichs SC, Crooks LE, 
Spindle A, et al. Midgestational exposure of pregnant 
Balb/C mice to magnetic resonance imaging conditions. 
Magn Reson Imaging 1988;6:305‑13.

29. Behr KP, Tiffe HW, Hinz KH, Lüders H, Friederichs M, Ryll M, 
et al. Nuclear magnetic resonance and the development 
of chicken embryos. Dtsche Tieratztl Wochenschr 1991; 
98:149‑52.

30. Yip Y, Capriotti C, Yip JW. Effects of MR exposure on 
axonal outgrowth in the sympathetic nervous system 
of the chick. J Magn Reson Imaging 1995;5:457‑62.

31. Yip YP, Capriotti C, Norbash SG, Talagala SL, Yip JW. Effects 
of MR exposure on cell proliferation and migration of chick 
motoneurons. J Magn Reson Imaging 1994;4:799‑804.

32. Yip YP, Capriotti C, Talagala SL, Yip JW. Effects of MR 
exposureat 1.5 T on early embryonic development of 
the chick. J Magn Reson Imaging 1994;4:742‑8.

33. Baker PN, Johnson IR, Harvey PR, Gowland PA, Mansfield P. 
A three year follow‑up of children imaged in utero with 
echo‑planar magnetic resonance imaging. Amer J Obstet 
Gynecol 1994;170:32‑3.

34. Myers C, Duncan KR, Gowland PA, Johnson IR, Baker PN. 
Failure to detect intrauterine growth restriction following 
in utero exposure to MRI. Br J Radiol 1998;71:549‑51.

35. Poutamo J, Partanen K, Vanninen R, Vainio P, Kirkinen P. 
MRI does not change fetal cardiotocographic parameters. 
Prenat Diagn 1998;18:1149‑54.

36. Vadeyar SH, Moore RJ, Strachan BK, Gowland PA, 
Shakespeare SA, James DK, et al. Effect of fetal magnetic 



176 Annals of Pediatric Cardiology 2011 Vol 4 Issue 2

Loomba, et al.: Fetal MRI

resonance imaging on fetal heart rate patterns. AmJ 
Obstet Gynecol 2000;182:666‑9.

37. Michel SC, Rake A, Keller TM, Huch R, König V, Seifert B, 
et al. Fetal cardiographic monitoring during 1.5 T MR 
imaging. AJR Am J Roentgenol 2003;180:1159‑64.

38. Sato K, Yamaguichi H, Miyamoto H, Kinouchi Y. Growth 
of human cultured cells exposed to a nonhomogenous 
statig magnetic field generated by SM‑CO magnets. 
Biochim Biophys Acta 1992;1136:231‑8.

39. Ueno S, Iswasaka M, Shiokawa K. Early embryonic 
development of frogs under intense magnetic fields up 
to 8 T. J Appl Phys 1994;75:7165‑7.

40. Santini MT, Cametti C, Straface E, Grandolfo M, Indovina PL. 
A static magnetic field does not affect the dielectric 
properties of chick embryo myoblast membranes. Int 
J Radiat Biol 1994;65:277‑84.

41. Mevissen M, Buntenkotter S, Loscher W. Effects of static 
and time varying magnetic fields on reproduction and 
fetal development in rats. Teratology 1994;50:229‑37.

42. Narra VR, Howell RW, Goddu SM, Rao DV. Effects of 
1.5 T static magnetic field on spermatogenesis and 
embryogenesis in mice. Ivest Radiol 1996;31:586‑90.

43. Pan H. The effect of a 7T magnetic field on the egg 
hatching of heliothis virescens. Magn Reson Imaging 
1996;14:673‑7.

44. Espinar A, Piera V, Carmona A, Guerrero JM. Histological 

changes during development of the cerebellum in 
the chick embryo exposed to a static magnetic field. 
Bioelectromagnetics 1997;18:36‑46.

45. Kanal E, Gillen E, Evans JA, Savitz DA, Shellock FG. Survey 
on reproductive health among female MR workers. 
Radiology 1993;187:395‑9.

46. Levine D, Zuo C, Faro CB, Chen Q. Potential heating effect 
in the gravid uterus during MR HASTE imaging. J Magn 
Reson Imaging 2001;13:856‑61.

47. Rodegerdts EA, Grönewäller EF, Kehlbach R, Roth P, 
Wiskirchen J, Gebert R, et al. In vitro evaluation of 
teratogenic effects by time varying MR gradient fields 
in fetal human fibroblasts. J Magn Reson Imaging 
2000;12:150‑6.

48. Guisasola C, Desco M, Millán O, Villanueva FJ, 
García‑Barreno P. Biological dosimetry of magnetic 
resonance imaging. J Magn Reson Imaging 2002;15:584‑90.

49. Price DL, De Wilde JP, Papadaki AM, Curran JS, Kitney RI. 
Investigation of acoustic noise on 15 MRI scanners from 
0.2 T to 3 T. J Magn Reson Imaging 2001;13:288‑93.

How to cite this article: Loomba RS, Chandrasekar S, Shah PH, 
Sanan P. The developing role of fetal magnetic resonance imaging in 
the diagnosis of congenital cardiac anomalies: A systematic review. Ann 
Pediatr Card 2011;4:172-6.

Source of Support: Nil, Conflict of Interest: None declared


