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Background
Delayed brain development in newborns with congenital
heart disease (CHD) results in increased vulnerability to
white matter injury before and after cardiac surgery [1].
Doppler showing reductions in pulsatility index (PI) in
the middle cerebral arteries (MCA) of fetuses with CHD
is interpreted as evidence of “brain sparing physiology”.
It supports the hypothesis that in utero brain dysma-
turation in CHD is due to reduced cerebral oxygen
delivery [2]. We were interested in the relationship
between cerebral blood flow, placental pathology and
white matter changes in CHD fetuses using ultrasound
and MRI.

Methods
Late gestation CHD fetuses and normal controls were
studied using Doppler and a 1.5T MRI system (Siemens
Avanto). We measured the MCA PI with ultrasound,
superior vena cava (SVC) flow and fetal brain weight
(EBW) with MRI using our previously published techni-
que [3]. Placental histology was studied. Head ultra-
sound (HUS) performed after delivery was used to
classify the newborn brains as: normal, increased white
matter echogenicity (WME), or periventricular leukoma-
lacia (PVL). The fetal parameters were compared in
babies with and without brain abnormalities using an
unpaired Student t-test with p<0.05 taken as statistically
significant. Odds ratios for abnormal brain imaging, pla-
cental abnormalities and SVC flow were calculated.

Results
Forty four fetuses with CHD [mean gestational age
(GA): 36weeks, SD 1.4 weeks] and forty normal fetuses
(mean GA: 37 weeks, SD 1.3 weeks) were studied. There
was no difference in MCA PI between normal and CHD
fetuses with or without white matter changes at birth
(Fig. 1a, Table 1). 34% of neonates with CHD had
increased WME on HUS and 7% had PVL. Fetuses with
changes on brain imaging at birth had higher SVC flow
than normals (p=0.03) (Fig. 1b) and smaller brains than
those with normal HUS (p = 0.05) (Fig. 1c). Elevated
SVC flow was associated with a markedly increased risk
of PVL (OR: 41, p = 0.005). CHD fetuses with WME
had high incidence of histologically abnormal placenta
(OR: 6.1, p = 0.04) (Fig. 1d).

Conclusions
In keeping with previous studies, we found smaller
brains and a high incidence of WME and PVL in new-
borns with CHD. Abnormally high SVC flow, in keeping
with “brain-sparing physiology” appears to be highly
associated with PVL, suggesting that the combination of
CHD and placental disease may be dangerous for the
immature white matter in CHD newborns. Abnormal
SVC flow by fetal cardiac MRI may be a more useful
indicator of increased risk for white matter injury than
MCA PI during late gestation, and could indicate early
delivery by Cesarean section.

Funding
N/A.1Paediatric Cardiology, The Hospital for Sick Children, Toronto, ON, Canada

Full list of author information is available at the end of the article

Madathil et al. Journal of Cardiovascular Magnetic
Resonance 2015, 17(Suppl 1):O92
http://www.jcmr-online.com/content/17/S1/O92

© 2015 Madathil et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

http://creativecommons.org/licenses/by/4.0
http://creativecommons.org/publicdomain/zero/1.0/


Authors’ details
1Paediatric Cardiology, The Hospital for Sick Children, Toronto, ON, Canada.
2Physiology & Experimental Medicine, The Hospital for Sick Children,
Toronto, ON, Canada. 3Cardiovascular Surgery, The Hospital for Sick Children,
Toronto, ON, Canada. 4Neurology, The Hospital for Sick Children, Toronto,
ON, Canada. 5Obstetrics & Gynecology, Mount Sinai Hospital, Toronto, ON,
Canada. 6Diagnostic Imaging, The Hospital for Sick Children, Toronto, ON,
Canada.

Published: 3 February 2015

References
1. Dimitropoulos A, et al: Neurology 2013, 81:241-8.
2. Donofrio MT, et al: Pediatr. Cardiol 24:436-43.
3. Seed M, et al: J. Cardiovasc. Magn. Reson 2012, 14:79.

doi:10.1186/1532-429X-17-S1-O92
Cite this article as: Madathil et al.: MRI reveals increased superior vena
caval blood flow in human fetuses with congenital heart disease,
abnormal placental pathology and neonatal brain white matter
changes. Journal of Cardiovascular Magnetic Resonance 2015 17(Suppl 1):
O92.

Figure 1 Comparison of brain ultrasound findings with fetal hemodynamic parameters and placental pathology. (a) There was no
difference in middle cerebral artery pulsatility index (MCA PI) between normal and congenital heart disease (CHD) fetuses with or without white
matter changes at birth. (b) CHD fetuses with abnormal brains at birth had higher superior vena cava (SVC) flow than normals (p=0.03) and (c)
smaller brains than those with normal head ultrasound (p = 0.02). (d) The histological examination of the placenta of a fetus with aortic
coarctation and white matter changes consistent with periventricular leukomalacia showed marked chorangiosis and thrombotic vasculitis.

Table 1 Head ultrasound findings, fetal hemodynamic parameters and placental abnormalities.

CHD Abnormal Brain CHD Normal Brain Normal

EBW z-score -0.53 ± 0.23 (n=18) -0.27 ± 0.17 (n=26) 0.12 ± 0.14 (n=40)

SVC Flow (ml/min/kg) 166.9 ± 16.86 (n=18) 142.5 ± 8.08 (n=26) 136.1 ± 5.38 (n=40)

MCA PI 1.75 ± 0.1 (n=18) 1.74 ± 0.1 (n=25) 1.63 ± 0.05 (n=40)

Placental Abnormalities (%) 81.3 59.1 N/A

CHD: Congenital heart disease; EBW: Estimated brain weight; SVC: Superior vena cava; MCA PI: Middle cerebral artery pulsatility index
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