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Target Audience: Researchers involved in nonhuman primate (NHP) animal model development and drug research related to cardio-metabolic diseases.
Purpose: Drug discovery studies using NHPs are of importance due to their phylogenetic closeness to humans, thus allowing disease animal models with better
translatability. Imaging biomarkers play a critical role in the non-invasive phenotyping of NHP disease models, especially identifying robust biomarkers that
afford predicting disease progression or detecting early responses to treatments. It has been shown that the assessment of cardiac function and perfusion during
stress tests is a powerful tool that can reveal early onset of cardiac disease; for example, early detection of ischemic myocardial regions [1] and early onset of
myocardial fibrosis can both be uncovered through stress testing [2]. Herein, to develop translational imaging biomarkers in NHPs, we evaluated the robustness of
cardiac regional function and perfusion biomarkers both at rest and subjecting to higher metabolic demands through inotropic stress testing. Further, intra- and
inter-observer reproducibility analyses were performed on all quantified biomarkers. These imaging biomarkers may help design and guide future longitudinal
drug safety and efficacy studies of experimental compounds in NHP cardiac disease models as well as in translational studies in the clinic.

Methods: Animal Preparation and MRI: Healthy Vietnamese cynomologus macaques (n=7, 5.8+0.2 kg, 9+2 years, resting heart rate: 123+13 bpm) were
anesthetized (ketamine 10 mg/kg IM induction and isoflurane 2-3% maintenance) and imaged using a 3T Trio MRI scanner at Maccine Pte Singapore. Each
animal underwent 2 imaging sessions (test and retest) conducted 1-2 weeks apart, while within each session imaging data were acquired at rest and stress (~20
minutes apart). Dobutamine, as inotrope, was infused i.v. with step-wise increases in drug concentration (3-min intervals at 5,10,20,30, and 40 pg/kg/ml) [4]. The
increment was stopped when the heart rate at stress reached 150% of the resting heart rate and then a constant infusion at that concentration level was maintained
for the rest of the scan. Imaging Protocols: For tagging MRI, SPAMM [3] tagging (FOV: 200x200 mm?, imaging matrix: 208x208, slice thickness: 5 mm,
segments: 2, echo spacing: 6.4 ms, TR/TE: 12.72 ms/2.97 ms, FA: 12°, tag separation: 4 mm) was employed to encode 2-D displacement in 3 short-axis (SA)
slices. For perfusion MRI, T, weighted images (for the matched 3 SA slices) were acquired using saturation prepared segmented gradient echo-planar sequence
(FOV: 150 x135 mm>, imaging matrix: 128x96, slice thickness: 5 mm, segments: 56, echo spacing: 2.2 ms, TR/TE/TI: 259 ms/1.15 ms/200 ms, FA: 10°,
GRAPPA with acceleration factor: 2). A dual bolus first pass protocol using contrast agent gadolinium-DTPA (Magnevist) was used [5]. The concentration for
the first and second boluses were 0.005 and 0.1 mmol/kg respectively each followed by 2 ml saline flush.
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Data Analysis: HARP [6] analyses were done on tagged images to quantify myocardial
displacement where averaged peak circumferential strain (CS, in %) and early diastolic
strain-rate (E', in %/s) for the three slices was quantified (see Fig. 1 a-c). Contractile
reserve (CRv) was then computed as the ratio of peak CS at stress over rest. DRv was
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each observer and between test and retest, respectively. Correlation coefficients (CC)
were calculated to determine the intra-observer, inter-observer reproducibility and test-
retest repeatability. Student t-test was also performed between rest and stress for CS, E’
and MBF.

Results and Discussion: The correlation coefficients for all biomarkers are shown in
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Figure 1: Representative end-systolic CS map at (a) rest, and (b) observed that overall good reproducibility is obtained for MBF at rest and stress.
stress. (¢) Time-courses of LV CS are used for computing peak Log(MPR) also performed well with good repeatability. Comparison between stress and
CS and early diastolic strain rate (E’). Bar graphs depicting rest yields significant differences in peak CS and MBF found for all slices. Although E'
quantified (d) peak CS and (e) E’ at rest and stress. Gadolinium is typically higher during stress, we do not observe significant differences (See Fig. 1
infused (f) low-bolus image, (g) high-bolus image, (h) model- d.e,j). Conclusion: We have successfully performed test-retest cardiac regional
based convolution, (i) myocardial tissue response function and (j) function and perfusion imaging studies in NHPs during inotropic stress testing and
bar graph depicting quantified MBF at rest and stress. evaluated the intra-and inter-observer reproducibility of key potential biomarkers. Our
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