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[Abstract] Objective To assess biventricular, especially right ventricular, function and deformationin rhesus
monkeys with spontaneous type 2 diabetes mellitus (T2DM) using cardiac magnetic resonance (CMR). Methods
Twelve male spontaneous T2DM rhesus monkeys and age, sex, body mass matched 9 healthy rhesus monkeys
without hypertension and myocardial infarction were included in this study. Fasting blood glucose (FPG), glycated
hemoglobin (HbAlc) and blood liquid levels were measured. Biventricular function and myocardial deformations
were evaluated by CMR cine and tissue-tracking. Results Compared with control, the FPG and HbAlc levers were
significantly increased in T2DM group. but there was no significant difference in body mass and age between the two
groups. CMR result showed that there was no significant decrease in right ventricle and left ventricle ejection
fraction in T2DM (P<C0. 05). However, the absolute value of radial and circumferential global peak systolic strain,
systolic strain rate and three directions global peak diastolic strain rate of the right ventricle free wall were lower in
the T2DM group (P<C0. 05). Also, only radial and circumferential peak systolic strain and radial diastolic strain
rate of left ventricle were higher (P<C0. 05). Conclusion Right ventricle showed systolic and diastolic dysfunction
which were consistent with left ventricle in T2DM by CMR-tissue tracking.
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Fig 1 Schematic diagram of post-processing of CMR-tissue tracking

Short axis cine CMR images and the corresponding left ventricle
four-chamber long axis images with cross-referencing locations were
uploaded intothe software. Then we chose end-diastolic frame of
short axis ( A) and four-chamber long axis cine images (B). The
endocardial and epicardial borders on the end-diastolic frame of each
slice were manually delineated and corrected and automatically
propagated (C: Short axis; D: Long axis). CMR-tissue tracking
result of biventricle short (E, G) and long axis images (F, H) were

tracked by software automatically

2 HR

2.1 Fh¥ERFHE

W5 2 T2DM 44 A b o (9 15 ) A A7 2 3 k)
FE N I T AHERR . BN ARF A EER B S A
fE A 12 HUT2DM 41, 4F % (14. 60+2.12) %, K
Jit (10, 91£1.52) kgd, DA K& XA fE R 9 H
CAE#4 (12, 8044, 07) & A BT it (9. 94 42. 15) kgJ,
25 W R T2DM 41 1 23 il % 3G & (P<<0. 01) , 4
Ak 1L 21 %6 [ AR (P<<0. 05) ., T2DM 41 i yo] 4% 1l 775
NEAC I FR AR oA LS . L3k 1.

F 1 ETR— RS ER I LI

Table 1 Comparison of basic characteristics between groups of rhesus

monkeys
Control group  T2DM group
Parameter (n=9) (n=12)
Diabetic status
FPG/(mmol/L) # 3.9840.28  6.3140.48"

HbAle/ % * 4.20+0. 10 4.58+0.08"
Lipid status/(mmol/L)

TC 2.87+0.51 3.2340. 89

LDL-C 1.3540. 47 1. 2840. 40

HDL-C 1.7340. 49 2.2440. 85

TG 0.41+0.18 0.41+0.08

* P<C0.05, % % P<C0.01, vs. control group. # average of
two fasting blood glucose levels. FPG: Fasting plasma glucose;
HbAlc: Glycated hemoglobin; TC: Total cholesterol; LDL-C: Low
density lipoprotein cholesterol; HDL-C: High density lipoprotein

cholesterol; TG: Triglyceride
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Table 2 CMR function characteristics of biventricular

Parameter Con(trrlci g;oup 'I‘Z(Iil\i lgzr?up

Right ventricle
EDV/mL 12.60+3. 21 17.87+38.56
ESV/mL 6.70+1.90 13.77+6.52* *
SV/mL 5.90+1.99 5.714+3.07
EF/% 16.62+10.18 35.37+£12.23
CO/(L/min) 0.64+0.21 0.49+0. 24
DIAST MASS/g 6.21+£2.17 8.97+2.44
SYST MASS/g 6.38+2.64 7.73+2.55

Left ventricle
EDV/mL 13.87+3.75 22.57+8.52*
ESV/mL 4.67+2.11 11.37+£5.36"*
SV/mL 9.2142.56 12.51+6. 46
EF/% 66.38+9.78 54.974+14. 95
CO/(L/min) 1.01+0. 31 1. 0840. 50
DIAST MASS/g 19.25+6. 39 21.2845.91
SYST MASS/g 23.1047.00 26.5248.79

% % P<C0.01, vs. control group. EDV: End-diastolic volume;
ESV. End-systolic volume; SV. Stroke volume; EF. Ejection
fraction; CO. Cardiac output; DIAST MASS: End-diastolic

myocardium mass; SYST MASS: End-systolic myocardium mass
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Table 3 Biventricular myocardial deformation of T2DM rhesus monkeys

Left ventricle

Right ventricle

Parameter Control group T2DM group Control group T2DM group
(n=9) (n=12) (n=9) (n=12)

Peak strain/ %

Radial 32.2948.73 20.9848. 72 * 26.50+13. 29 10.46+6.37* *

Circumferential —18.07+3.03 —13.1943.97* * —11.7543.55 —7.38+3.35" "

Longitudinal —10.9443.55 —10.1843. 60 —14.91+6. 36 —10.5744.53
Time to peak strain/ms

Radial 228. 74+18. 00 232.85432.56 240.77+24.75 240. 74436. 00

Circumferential 231.20+18. 39 234.48425. 62 253.14+22.67 245.78+38.09

Longitudinal 286.24+34.62 271.934+56. 24 286.00+42. 46 291. 34455. 47
Peak systolic strain rate/s !

Radial 2.13+0.52 1.5940. 82 1. 9440.97 0.7940.55"

Circumferential —1.22+0.24 —1.00+£0. 48 —1.17£0. 56 —0.54+£0.24"

Longitudinal —1.1540. 29 —0.99+0. 28 —1.10+£1.98 —1.00+£0. 36
Peak diastolic strain rate/s !

Radial —3.18+0.92 —2.20+0.92* —2.03+1.40 —0.82+0.44" "

Circumferential 1.784+0. 37 1.42+0.49 0.8840. 35 0.5840. 20

Longitudinal 1.4240. 37 1.2440.73 1. 9540. 65 1.14+0.53"~

* P<0.05, % % P<C0.01l, vs. control group in the same ventricle
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Fig 2 Comparation of tissue tracking trajectories between T2DM monkeys and controls

A: Control group; B: T2DM group; a: End-diastolic of right ventricle; b: End-systolic of right ventricle; ¢: End-diastolic of left ventricle;

: End-systolic of left ventricle
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