
Figure 1. Placement of the VOI (red box) in one of the poles in the kidney cortex on a transverse and 
coronal survey (a) and Dixon fat image (b). The (outer) shim box is shown in orange. 

Figure 3. On the left a scatter plot is shown of all twenty six data points. The Pearson correlation coefficient was 0.81. 
On the right a Bland-Altman difference-average plot is shown of the TG 1H-MRS determination vs the biopsy result. 
The upper and lower pole measurement have been grouped in this plot. 
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Target audience: nephrologists and radiologists interested in renal energy metabolism and MR spectroscopy 

Purpose: The worldwide diabesity epidemic is a major public health problem. Obesity predisposes to the development of insulin resistance, type 2 diabetes and 
cardiovascular disease, which are associated with chronic kidney disease. However, obesity is also an independent risk factor for development of nephropathy. Evidence 
from animal (1-4) and limited human studies (5) suggest that obesity is associated with ectopic lipid accumulation, including renal lipid accumulation, which may lead 
to renal dysfunction, a process called lipotoxicity. However, human studies have been limited, because of the complication risk of repeated renal biopsies. Development 
of new noninvasive techniques to assess renal lipid content in vivo are crucial to gain more insight in the pathophysiology of obesity-related kidney disease. Therefore, 
we aimed to assess the reproducibility of renal triglyceride (TG) content measured by 1H-MRS, compared to the gold standard, directly determining TG content by an 
enzymatic assay in kidney biopsies in an animal model. 

Methods: In total fourteen left-sided porcine kidneys 
were obtained from two abattoirs. The kidneys were 
harvested within 30 min post-mortem to limit warm 
ischemia time. The kidneys were flushed with 
University of Wisconsin (UW) fluid and had a 
maximum cold ischemia time of 14 hours. Scans were 
performed on a 7Tesla Philips MRI scanner (Philips 
Healthcare, Best, Netherlands). The head coil was used 
for transmission and reception. A survey scan (Fig. 1a) 
was performed to position the MRS voxel (10x10x10 
mm3) within the cortex of the kidney. On a Dixon scan 
fat image (Fig. 1b) correct placement was confirmed, 
carefully avoiding extracellular (sinus or perirenal) lipids in the voxel. Measurements were 
performed in the upper and lower pole of each kidney, respectively. Two measurements had to 
be excluded from further analysis, due to a leak during the enzymatic assay and a corrupt MR 
data file, resulting in a total of twenty six measurements. Stimulated-echo acquisition mode 
(STEAM) spectra were acquired with an echo time of 8.2 ms without water suppression 
(repetition time (TR) 9 s, 3 averages) and with MOIST (1) water suppression (TR 9 s, 48 
averages). TG were calculated as a percentage of the (unsuppressed) water peak. Directly after 
the scan protocol biopsies were taken at the same locations as the 1H-MRS measurement. The 
renal tissue was snap frozen in liquid nitrogen, homogenized, and total lipids were extracted 
according to a modified protocol from Bligh and Dyer (6). TG was measured by an enzymatic 
kit (11488872, Roche Diagnostics). Numerical data are reported as mean values ± SD. A 
Pearson two-tailed correlation test was performed to compare the outcome of the MRS 
measurement and the biopsy result. Bland-Altman analysis was performed to evaluate the 
agreement between TG levels of the MRS measurement and the biopsies. For the Bland-
Altman analysis the MRS and biopsy results were normalized. 

Results: The average TG level in the renal cortex was 0.25±0.16% (range 0.068–0.768) 
measured by 1H-MRS and 126±75 nmol/mg protein in the biopsy (range 36–331). Figure 2 
shows two MR spectra with a large TG difference. The Pearson correlation (Fig. 3a) 
coefficient was 0.81 (p < 0.0001) showing good correlation. The Bland-Altman (Fig. 3b) has a 
bias of -0.07 and the limits of agreement were between 0.62 and -0.76. 

Discussion and Conclusion: Our data show that porcine kidney TG levels measured by 1H-
MRS compared to a specific  enzymatic assay are well correlated.  The Bland-Altman analysis 
shows a bias close to zero and all but two measurements fall within the limits of agreement.  

The non-invasive measurement of renal 
TG content is crucial in studying the 
relation between obesity and chronic 
kidney disease. 1H-MRS opens a window 
for in vivo research into obesity-related 
lipotoxicity and nephropathy. 
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Figure 2. Two kidney MR spectra with a large difference in 
measured TG quantity. The increased chemical shift due to the 
high field strength allows to discriminate between various 
resonances that normally are not seen at lower field strengths. 
The spectra are scaled according to the water spectra to allow 
direct comparison. 
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