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Introduction

Adaptive intracellular metabolic changes occur during the very early development of heart failure.(1, 2)
Changes in the heart phase metabolism of the myocardium is therefore both a valuable and a relatively
unsought potential in diagnosing cardiac diseases.(3) This can be assessed using fast 13C hyperpolarized
imaging. Here we explore the capabilities of [1-13C]pyruvate’s oxidative metabolite [13C]bicarbonate as
an agent for assessing the metabolic differences from rest to adenosine stress test during both the systole
and diastole in the porcine heart.

Methods

Two Danish domestic pigs were anesthetized and mechanically ventilated. A scout and conventional CINE
scans were acquired for 1H anatomical reference on a 3T clinical MRI scanner (MR750, GE Healthcare).
Hyperpolarized [1-13C]pyruvate imaging was acquired during both rest and adenosine induced stress. A
clamp shell transmit coil from Rapid Biomedical and a custom flexible receive 8ch array were used for 13C-
imaging.(4) All scans were ECG-triggered with 6-10 excitations per cardiac cycle and performed during
breath-hold. The stress test was infusion of adenosine and dobutamine. For hyperpolarized imaging, a
spectral-spatial pulse was used with a FA of 70° and readout was a single-shot spiral with a matrix size of
40x40, field-of-view was 30 cm.(5) Data analysis pipeline is shown in figure 1.

Results/Discussion

An increase in the myocardial [1-13C]bicarbonate signal during the diastolic phase was observed when
comparing rest to stress for all pigs. The apparent difference in normalized signal from the
[13C]bicarbonate during the diastole during stress compared to rest is termed the metabolic reserve. The
pilot pigs show an increase in the metabolic reserve of up to ~26% from rest to stress, please see the
graphs on figure 2A. On figure 2B, an example of the 1H anatomical CINE scans is displayed, with the
[1-13C]bicarbonate images shown beneath accordingly for each step of the heart phase. This study
focused on the [1-13C]bicarbonate signal, while future studies could also include and compare the
[1-13C]lactate signal in order to gain a complete and coherent overview of both the aerobic and anaerobic
metabolism of the heart.

Conclusions

Hyperpolarized [1-13C]pyruvate imaging on healthy porcine hearts has revealed an increase in pyruvate-
to-bicarbonate metabolism during the diastole under stress. This metabolic reserve in bicarbonate
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metabolism could be used as an estimate of the diastolic metabolic reserve in the heart muscle and could
also prove to be an early, prognostic marker for cardiovascular disease.
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Figure 1: The analysis pipeline for the hyperpolarized [13C]bicarbonate data.
The [13C]bicarbonate data was a 2D-image, which varied with time. First a ROI was set on the [13C]bicarbonate images,
which corresponded to the region of the myocardium according to anatomical MRIs.The mean value in the ROI was then

https://www.eventclass.org/contxt_emim2023/download/media?hash=%242y%2413%247AuT.WqVmP204UNywF%2FZeOcl4xydHdNTFPj4JJAFr5OTqOqTXBcAW


Abstract #37 EMIM 2023 Abstract

15 Nov 2022, 12:59:07 Page 3/5

plotted. From the plot, an optimal time domain was chosen, which in this case correlated to five cardiac cycles. This
chosen data was then run through T1-correction, denoising and then partial volume correction using an in-house script.
The normalized value in the myocardium ROI was then plotted as a function of image number during one, averaged
cardiac cycle.
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Figure 2: The normalized mean signal from the [13C]bicarbonate in the myocardium
A: The top graph depicts a 26,47% increase in [13C]bicarbonate signal from rest to stress, while the
bottom graph shows an increase of 24,54% for the second porcine. The ECG trigger setting used for
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the second porcine during the stress test did not include the full heart phase. Nevertheless, the
metabolic reserve is still apparent. The systolic and diastolic phases were approximated on the graph
using ECG-trigger data.

B: Top row shows 1H CINE scans on the porcine heart in level with the ventricles, while the bottom row
shows the [13C]bicarbonate images during rest and stress respectively.


