Making sound meaningful in the operating theatre - Blood pressure earcon
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Background. The use of auditory alarms to direct attention and convey information in the operating theatre is proving to be inadequate [1, 2, 3]. Earcons are nonverbal audio messages that provide information to the user about objects, operations or interactions [4]. We have extended the concept of earcons for blood pressure (BP) monitoring to produce displays that alert practitioners to abnormal or unexpected BP events by providing information about systolic and diastolic BP. 
Objective. We report on two studies that demonstrate that people can use earcons to identify a large range of systolic and diastolic BP. The experiments also examined if an auditory beacon would improve earcon BP recognition.
Method. Two experiments each of 24 non-medical participants were used to examine people’s perceptual ability to monitor historical and current information from the BP earcons. The earcons indicated 81 BP states using a nine-point scale based on pitch and duration changes for both systolic and diastolic BP. Participants monitored the simulated patients blood pressure every two minutes while conducting an attention demanding arithmetic distractor task and listened to pulse oximetry and a respiratory sonification. In each experiment participants experienced three conditions involving differing amounts of earcon information. 
Results. Participants performed at a higher level of accuracy in all conditions when compared to the results of alarm studies [2,4]. When participant’s indicated a wrong result for any systolic and diastolic BP measurement, the modal error was 1 away from the correct answer on the nine-point scale. The use of an auditory beacon improved participant’s performance; however, the inclusion of historical information in the earcons produced a trade-off between participants accuracy on current systolic and diastolic values with historical systolic and diastolic values.
Discussion. Other studies [2,4,5] have demonstrated that people have trouble recognising more than a few auditory alarms. The BP earcons offer advantages over auditory alarms as the BP earcons do not solely rely on pattern recognition. The BP earcons use a hierarchical structure to provide rules for pattern recognition of 81 different combinations of systolic and diastolic BP. To a lesser extent the earcon can be extended to identify both the current systolic and diastolic BP and historical systolic and diastolic BP values to give trend information. Further work is required in the simulator and clinical environment to determine how well BP earcons work in conjunction with other patient monitoring displays.   
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