
Robots Cancel Heart Movement for Bypass Surgery 
Heart bypass surgery is delicate enough without having to contend with the 

constant thump, thump, thumping of a beating heart. Because of this, the heart is 

generally stopped for this type of procedure so that doctors do not have to deal with 

movement during the operation. Circulation is maintained using an artificial heart pump. 

This procedure can lead to 

complications ranging from cognitive 

failure to increased hospital stays. 

In the future, robots might help 

surgeons operate on a beating heart by 

adjusting position automatically to 

compensate for the heart’s movement. 

Such an arrangement would allow the 

surgeon to operate on a heart that 

appears stationary, by keeping surgical 

tools in steady positions relative to the 

heart’s surface. 

Key to this approach is to develop 

algorithms that can accurately match the 

movement of the heart to provide at least 

97% motion cancellation. Still in very 

early stages of research, Case Western 

Reserve University systems and control 

engineering graduate student Ozkan Bebek, electrical engineering graduate student Jason 

Rotella, and Assistant Professor M. Cenk Cavusoglu have tested motion cancellation 

algorithms. Best results were obtained with a Model Predictive Control algorithm, 

combined with a near-term estimate of how the heart will move. Movement of the heart 

was measured using data from an array of ultrasonic transmitters and receivers attached 

to the heart. (For the reported experiment, data was collected from a pig’s heart and the 

robot’s ability to match the movement was tested separately.) By using data from the 

previous heartbeat cycle to predict movement in the current cycle, the team was able to 

reduce errors to about 1/10 of levels reported by other researchers who used feedback 

alone. In future research, they hope to incorporate EKG and blood pressure data to 

improve accuracy of the prediction even further. 

A controller using position, EKG, and blood 

pressure data works with a prediction 

algorithm to move tools relative to the 

surface of the beating heart. The surgeon 

directs motion of the instruments as if 

operating on a stationary heart. 


