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Background: It has been suggested that cardiac PCr/ATP-ratio, measured with 31P-

Magentic Resonance Spectroscopy (31P-MRS) non-invasively in vivo, reflects 

cardiac mitochondrial function, however this has never been validated. Therefore, we 

aimed to examine if the PCr/ATP-ratio correlates with human cardiac mitochondrial 

function.  

Methods: We enrolled 10 lean, 15 obese and 13 type 2 diabetes patients (T2DM) 

who were scheduled for open-heart surgery. The day before surgery, a 31P-MRS 

scan was performed. During surgery, tissue specimens from the right atrial 

appendage were obtained for measuring mitochondrial respiration ex vivo 

(Oroboros).  

Results: In contrast to our expectations, we did not find any differences in the MRS-

based PCr/ATP-ratio between lean (0.98±0.29), obese (1.11±0.33), and T2DM 

patients (0.99±0.31, p=0.76). ADP-stimulated and maximal uncoupled mitochondrial 

respiration, were similar across groups on a lipid and a glucose derived substrate. 

Linear regression analysis revealed no relationship between PCr/ATP-ratio’s and 

ADP-stimulated respiration (pyruvate R2<0.001, p=0.95, octanoyl R2<0.03, p=0.33) 

nor between PCr/ATP-ratio’s and maximally uncoupled respiration (pyruvate 

R2<0.05, p=0.19, octanoyl R2<0.05, p=0.60). Nonetheless, left ventricular end 

systolic and end diastolic mass tended to correlate with the PCr/ATP ratio  (p=0.04 



and p=0.08). In contrast, correlation analysis showed no relation between state 3 or 

uncoupled mitochondrial respiration with any of the parameters of cardiac function. 

Discussion/Conclusion: These results show that in vivo cardiac energy status does 

not reflect ex vivo mitochondrial respiratory capacity as measured in the right atrial 

appendage tissue. This suggests that PCr/ATP is influenced by other factors than 

merely cardiac mitochondrial function. Nonetheless, the PCr/ATP ratio does relate to 

cardiac function parameters and hence does seem important in cardiac metabolism. 

However, the exact underlying physiology remains unclear.  


