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[Abstract] Objective To determinethe diagnostic valuesand reliabilityof cardiac magnetic resonance tissue
tracking (CMR-TT) derived two-dimensional (2D) and three-dimensional (3D) strains in assessing experimental
autoimmunity myocarditis (EAM) in rats. Methods 20 Lewis rats were randomly divided into model and control
groups. The animal model of autoimmune myocarditis was induced by injecting porcine cardiac myosin into the
footpads of the rats. On day 35,all of the rats were examined using the 7. 0T CMR cine scan. The cardiac function
and global strain of the left ventricular of the rats were analyzed with specific cardiac post-processing. The rats were
then sacrificed and myocardial samples were taken and stained with HE and Masson. The diagnostic values of the
strain parameters were assessed by receiver operating characteristic (ROC) curves with the pathological results as
diagnostic criteria. The reliability of the strain parameters were tested using interclass correlation coefficient (ICC),
coefficients of variation (CV) and Bland-Altman. Results No abnormal pathological changes in myocardial cells
were found in the control group. Myocarditis was successfully induced in all of the rats in the model group, showing
myocardial fiber arrangement disorder, degeneration, necrosis, inflammatory cell infiltration and interstitial
fibrosis. The ROC showed that 2D global strain parameters possessed higher diagnostic values than 3D strain
parameters. The 2D had an area under the curve (AUC) of 0. 96 in global circumferential strain (GCS), 0. 95 in
global radial strain (GRS), and 0. 90 in global longitudinal strain (GLS) ,compared with 0. 87 GCS, 0. 85 GRS, and
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0.77 GLS in the 3D, respectively. The reliability of the 2D strain parameters was high, except for inter-observer 2D
GRSCICC = 0. 893). The 3D strain parameters had lower reliability (ICCs: 0. 421-0. 79) than the 2D strain

parameters (ICCs:0. 893-0. 986). Conclusion
strain parameters in diagnosing myocarditis.
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The diagnostic values of 2D strain parameters are higher than 3D

Experimental autoimmune myocarditis 2D
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Fig 1 HE and Masson staining in rats. X20

A: HE staining in rats of the control group; B: HE staining in rats of the model group; C: Masson staining in rats of the control group;

D: Masson staining in rats of the model group
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Table 1 Characteristics of the model and control groups

Model group Control group

Index (n=10) (n=10) ! P
EDV/mL 0.38+0.04 0.3940.03 —0.452  0.656
ESV/mL 0.14740.02 0.1340.02 1.724 0.102
SV/mL 0.247+0.03 0.26+0.02 —1.952  0.067
EF/% 62.43+2.10 67.30%3.93 —3.445 0.003
Myo Mass (diast) /g 0.3540.06 0.274+0.03 3.732  0.003
Myo Mass (syst)/g 0.444£0.08 0.3740.04 2.485 0.027

EDV. End-diastolic volume; ESV. End-systolic volume; SV. Stroke
volume; EF: Ejection fraction; Myo Mass (diast) ; Diastolic myocardial mass;

Myo Mass (syst): Systolic myocardial mass
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2.3.4 EHAMBKEE WFE 4K 4, ICC HHT R
S Y RIS ) 2D 1725 () B M1 5 F 3D R
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Table 2 CMR-TT 2D and 3D strain LV parameters in rats in the model and control groups/ %

2D 3D
Group
GRS GCS GLS GRS GCS GLS
Model 33.3945.97 —21.2941.40 —18.9442. 20 47.71+15. 34 —19.474+2.05 —14.80+3. 16
Control 44.71+4. 83 —24.43+1. 36 —22.124+1. 36 61.55+7.58 —23.13+2.96 —18.944+2.91
t —4.521 5.087 3.891 —2.558 3.21 3.051
P <20. 001 <20.001 0.001 0.024 0. 005 0. 007

2D: 2 dimension; 3D: 3 dimension; GRS: Global radial strain; GCS: Global circumferential strain; GLS: Global longitudinal strain

Control group, 3D Model group, 2D Control group, 2D

Model group, 3D
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Fig 2 Bull’s eye diagram of 16-segmental strain in rats

The color depicted strain value between — 20 (blue/green

transition) and 20 (green/red transition)
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Fig 3 ROC curves of 2D (left) and 3D (right) strain parameters
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£ 3 CMR-FT HESHISH EAM § ROC 43 47
Table 3 ROC analyses on the CMR-FT strain parameter diagnosis for EAM

Parameter AUC (95%CD P Cut-off/ % Sensitivity/ % Specificity/ % Youden index
2D GRS 0.95 (0.75-0.99) <20. 001 37.49 80 100 0.8
2D GCS 0.96 (0.66-1.00) <C0. 001 —22.58 90 90 0.8
2D GLS 0.90 (0. 68-0.99) <20. 001 —21.12 90 80 0.7
3D GRS 0.77 (0.53-0.93) 0. 024 48. 26 70 100 0.7
3D GCS 0.85 (0.62-0.97) <20. 001 21.48 90 80 0.7
3D GLS 0. 87 (0. 64-0. 96) <20. 001 18. 27 100 60 0.6

2D, 3D, GRS, GCS, GLS:Denote the same as those in table 2
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Table 4 Intra- and inter-observer reliability tests of all strain parameters

ICC (95%CD CV/%
Parameter
Intra-observer Inter-observer Intra-observer Inter-observer

2D GRS 0.922 (0.81740.968) " * * 0.893 (0.74740.957) " * * 5.28 6.79
2D GCS 0.986 (0.96540.994) " * * 0.985 (0.96240.994) * * —1.14 —1.12
2D GLS 0.907 (0.78340.962) " * * 0.909 (0.78840.963) " * * —3.43 —3.84
3D GRS 0.612 (—0.252+0.825) " * 0.421 (—0.021+0.724) " 16. 75 19.73
3D GCS 0.790 (0.54940.911) " * * 0.738 (0.4434-0.888) " * * —6.26 —6.81
3D GLS 0.561 (0.17840.799) * * 0.730 (0.43540.884) " * * —16. 14 —12.74

2D, 3D, GRS, GCS. GLS. Denote the same as those in table 2. * P<Z0. 05, * % P<Z0.01, * x x P<Z0.001
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Fig 4 Intra-observer Bland-Altman consistency tests of CMR-TT 2D and 3D strain parameters

Two dashed lines represented the 95% limit of agreement, and the solid blue line represented the mean difference
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