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My doctoral research focused on developing cardiovascular MRI methods for assessing placental 
function in terms of oxygen exchange using a combination of human and sheep imaging studies. I 
developed an “inputs” and “outputs” approach that included MRI measurements of blood flow and 
oxygen content in combination with the Fick principle and conservation of mass to determine oxygen 
transport in the major placental vessels. This work is significant because it yields a comprehensive set 
of non-invasive measurements: oxygen delivery and consumption of the pregnant uterus, placenta 
and fetus. Such measurements were otherwise only possible via invasive procedures. The basis of 
my methodology relies on MRI blood oximetry, which uses magnetic properties of blood (T2) to derive 
oxygen saturation. T2-oxygen saturation relationship was originally developed in-vitro on human 
umbilical cord blood and part of my work involved validating MRI oximetry in live sheep fetuses (an 
accepted model for studying fetal cardiovascular physiology). It allowed me to relate T2 in fetal 
vessels with invasive measurements of oxygen saturation. The results of sheep fetal validation 
studies confirmed that the relationship between T2 and oxygen saturation is robust. I applied MRI T2 
and the placental function approach on normal pregnant sheep and found that the non-invasive MRI 
measurements closely resembled existing reference data obtained using invasive techniques. I was 
then able to apply this method in human fetuses with confidence, thus, establishing a reference range 
for oxygen saturations in the human fetal circulation. This research proved for the first time that 
streaming exists in the human fetal circulation, as previously demonstrated in animal models. 
Streaming is important for allowing well-oxygenated blood to be directed to the metabolically active 
heart and brain and it may be altered in disease processes. The developed MRI methods were then 
applied to study the underlying circulatory mechanisms involved in pregnancy conditions that may 
reduce maternal oxygen delivery to the placenta, compromising fetal health. This included MRI 
investigation on the impact of maternal exercise, supine positioning and heart disease compared 
against healthy controls during third trimester. Maternal cardiac function was concurrently assessed 
using MRI to also study cardiac performance in pregnant women with heart disease. Looking ahead, 
the developed MRI methods are an important step for improving diagnosis and clinical management 
of pathologies such as late onset fetal growth restriction, which is notorious for being difficult to detect. 
Dysfunction in oxygen metabolism may serve as a marker for timely detection. 


