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A computer simulation model based on preoperative CTA to investigate the
effect of abnormal systolic sharp wave on graft flow and early and
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Abstract Objective: To explore the clinical significance of abnormal sharp waves by using a fluid simulation
model based on coronary CT angiography (CTA) images to obtain the hemodynamic parameters of the grafts by
non-invasive methods, and to compare with the actual instantaneous graft flow measured during the operation by
transit time flow measurement (TTFM) in coronary artery bypass grafting (CABG). Methods: A total of 21 pa-
tients who underwent the first off-pump CABG in the Department of Cardiology of our hospital from September
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2018 to September 2019 were enrolled. Coronary CTA examination was completed before the operation, and the
graft blood flow was measured and recorded by TTFM after CABG. The preoperative coronary CTA data were
processed by computer simulation, and the individual model was constructed. The fluid dynamics parameters of
each target site were calculated and compared with the actual surgical plan. All patients completed coronary CTA
one week after the operation before discharge, 16 patients (76.2%) completed coronary CTA one year after the
operation, 9 patients (42. 9% ) completed coronary CTA two years after the operation, and 5 patients (23. 8%)
completed coronary CTA three years after the operation. Results: A total of 13 grafts from 11 patients had abnor-
mal sharp waveforms. There was no significant difference between the flow measured by TTFM and the flow sim-
ulated by the computer model ([32.58426.52]mL/min vs [26. 66 +20. 94 lmL/min, P =0. 160). Grouped ac-
cording to the presence or absence of abnormal sharp waveform, the simulated flow was significantly higher than
the measured flow by TTFM in the abnormal sharp wave group ([40. 68433, 0]mL/min vs [17. 91+15. 58 JmL/
min, P=0.006). There were 5 cases of graft stenosis or even occlusion in the abnormal sharp waveform group
and 3 cases of graft stenosis in the non-sharp waveform group, the difference between the two groups was statisti-
cally significant (38.46% vs 6.81%, P=0.011). Conclusion: The abnormal sharp waveform in the early systolic

phase of TTFM is an abnormal blood flow waveform, which may affect graft flow and exacerbate graft blood flow

turbulence, reducing long-term patency.

Key words coronary artery bypass grafting; computer simulation; transit time flow measurement; flow waveform
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Figure 1 The technology flowchart of the computer simulation model
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