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Background 

 

 Traditional methods of monitoring depth of general anesthesia, such as heart rate, blood 

pressure, and breathing pattern, are not reliable.  Sometimes patients who are thought to be 

unconscious during anesthesia in fact are “aware” and suffer excruciating pain. 

 To seek to prevent incidents of awareness, Dr. Smith and his biomedical engineering 

students at Sacramento State collaborated with anesthesiologists at the UC Davis Medical 

Center, UC San Diego Medical Center, and Kaiser Permanente to develop and test a number of 

improved methods of monitoring the depth of anesthesia.  Through his collaboration with 

Lawrence Livermore National Laboratory (LLNL), Dr. Smith developed custom code and 

electronics and a miniature computer system to perform on-line spectrum analysis of the 

background electroencephalogram (EEG) [1-2] and to record the EEG data along with 

electromyogram (EMG) and hemodynamic (systolic and diastolic blood pressures and heart rate) 

variables during surgeries.  His system was used to obtain recordings from over 300 surgery 

patients who were given a variety of anesthetic agents.  Dr. Smith was awarded an NIH research 

grant (1986-1988) to investigate how to use the EEG to monitor depth of anesthesia.  Dr. Smith’s 

collaborative work led to improved monitors of depth of anesthesia that utilized the patient's 

background EEG [3-4], mid-latency auditory evoked potentials (MLAEPs) in the EEG [5], and 

craniofacial electromyogram (EMG) signals [6]. 

 

Prediction Probability PK 

 

 A particularly significant accomplishment was Dr. Smith's development of a new 

measure for assessing the performance of depth-of-anesthesia monitors, called Prediction 

Probability, PK.  In 1996, Dr. Smith and his anesthesiology collaborators at the medical centers at 

UC San Francisco and UC San Diego published their seminal paper on performance measure PK 

[7] in Anesthesiology, the flagship journal of that field, along with a companion article showing 

examples of its application to assessing the performance of depth-of-anesthesia monitors based 



 2 

on anesthetic concentration, the EEG, pupillary response, and hemodynamic variables [8].  Dr. 

Smith and his collaborators also provided an in-depth analysis of the mathematical properties of 

PK in a third article [9]. 

 Dr. Smith's Prediction Probability, PK, has been adopted as a world-wide standard for 

assessing the performance of depth-of-anesthesia monitors.  Dr. Smith has made PK available as 

a Microsoft Excel macro, and every year, Dr. Smith responds to numerous email requests for this 

macro from around the world and advises researchers on its use.  To date, Dr. Smith has 

responded to requests for the PK macro by 60 investigators in 21 countries, and over 100 journal 

papers have cited Dr. Smith’s PK.  Because of his expertise, Dr. Smith was invited to collaborate 

on an international research team, involving investigators and anesthesia monitor companies in 

Belgium, Denmark, the United Kingdom, and Spain, as well as in the United States [10].  The 

most successful depth of anesthesia monitor, the Aspect Medical Systems BIS (Bispectral Index) 

monitor, was developed using PK. 
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