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Introduction: pH is a critical indicator of health, and the ability to quantitatively and non-
invasively monitor pH would be valuable in fetoplacental research. It is known that placental 
dysfunction can lead to a deviation of oxygen and metabolite levels from homeostasis, which 
may cause changes in pH and lead to severe conditions such as fetal acidosis. 
Through a process called dynamic nuclear polarization, hyperpolarization of nuclei temporarily 
boosts signal up to 1000-fold, allowing for imaging of non-proton nuclei in a reasonable time 
frame. It has recently been shown that hyperpolarization of 31P nuclei on inorganic phosphate 
(Pi) and phosphocreatine (Pcr) is possible. This has motivated interest in its use for pH imaging 
since the chemical shift between these two compounds is pH-sensitive.
The aim of this work is to investigate the feasibility of using hyperpolarized 31P MRI for in vivo 
pH mapping. I will discuss simulation work focused on developing the first hyperpolarized 31P 
MRI experiment as well as collaboration projects done in the lab that pioneered this technique.

Methods: Monte-Carlo simulations of the image reconstruction were used to investigate the 
acceptable parameters and limitations involved with hyperpolarized 31P-pH MRI at 3T. We are 
interested in imaging pH values in the biological range (6-8pH) and pH changes (0.5pH) that 
may be relevant to severe acidosis conditions. The standard error was calculated for pH 
measurement at different noise and pH levels using optimized echo times.

Results: Simulations suggest that it is possible to distinguish the chemical shift between Pcr 
and Pi peaks in the biologically relevant pH range. Based on this mathematical model, we 
predict that it is possible to detect pH changes of 0.5 under signal-to-noise values (SNR>20) 
that have previously been observed in 13C-pyruvate hyperpolarized imaging. Using optimized 
echo times, we predict the standard error will be <6Hz for 0.5pH changes, considering 
acceptable SNR values. Since we do not expect pH to change on short time scales, we do not 
require temporal information, which will allow us to employ more signal averaging and use 
higher flip angles than previously used in hyperpolarized 13C-pyruvate experiments. Using 
these techniques, combined with the higher gyromagnetic ratio of 31P compared to 13C, we 
expect that a SNR>20 should be achievable with hyperpolarized 31P MRI. It may even be 
possible to achieve higher SNR values that would allow for detection of <0.5pH changes. 

Discussion: Reconstruction simulations for the proposed experiment suggest that it is possible 
to detect biologically relevant pH changes within noise levels expected to be achievable with 
hyperpolarized 31P MRI. This is the first step in a project that will constitute the first time 
hyperpolarized 31P imaging has been used in vivo, and these techniques are applicable to 
studying a variety of disease areas, including placental dysfunction.


