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Background: Current perioperative monitoring systems produce, and potentially store, a huge 
amount of largely unused data. The American College of Surgeons Pediatric National Surgical Quality 
Improvement Program (P-NSQIP), collects approximately 120 variables, which are used to measure 
and improve the quality of surgical care using risk-adjusted comparisons with other institutions [1]. 
However, none of these variables reflects intraoperative physiology. We identified three undesirable 
intraoperative physiologic changes as candidates for addition to P-NSQIP data collection: 
hypothermia, hypoxemia, and hypotension. We report our method of abstracting information, 
identifying true episodes of undesirable vital signs changes, and using this data to provide additional 
variables, which can be used in investigating surgical outcomes.  
 
Methods: At BC Children’s Hospital vital signs 
and full resolution waveforms are collected 
continuously from the Datex AS/3 patient 
monitoring system (GE Canada, Mississauga, 
ON) using a custom data collection application 
that does not contain any patient identifiers. We 
extracted trends with a time resolution of 0.1 Hz. 
We used algorithms to identify episodes of 
hypotension, hypothermia and hypoxemia, and 
the percentage of case duration spent in each 
condition (Figure 1). Rules are based on 
physiology for hypoxemia (inflection point at 93 
%), and on literature for hypothermia [2] and 
hypotension [3]. To include this data in our 
institution’s P-NSQIP modeling efforts, we 
needed to re-identify the data, which we did by 
matching its date and time of collection, and its 
operating room source, to P-NSQIP cases (Figure 
2). Case-matched data were then verified 
manually to remove artifacts not automatically 
detected, and to exclude episodes of expected 
deviations from “normal” vital signs, such as 
deliberate hypoxia in neonates to avoid oxygen 
toxicity, and submitted back to the reviewers. 
 
Results: During the last 23 months our case-
matching rate was 89.3%. Reasons for failures in 
matching cases included blank times in the data 
requests; missing data due to monitoring 
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Extract trend variables (@10 sec)
• Heart rate (ECG, PLETH, ART)
• Mean blood pressure (NIBP, ART)
• SpO2, etCO2
• Temperature

NSQIP Cases
•Date
•Location
•Room Entry Time 
•Room Exit Time

Identify undesirable outcomes

•Hypothermia < 36.0 C for 30 sec
•Hypoxia        < 93.0 % for 15 sec
•Hypotension > 15 % drop for 2 min

Match data against NSQIP patients
• Using four “unique” identifiers

Validate and submit results
•Remove artifacts
•Exclude expected deviations  

Figure 2: Overview of data extraction process for NSQIP 
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Figure 1: Comparison of threshold and deviation based 
methods for identifying undesired vital sign changes. 



network problems; and new anesthesia machine trials. Hypoxemia occurred in 21.8% of 2517 cases; 
hypothermia in 40.6% of 2049 cases, where temperature was recorded; and hypotension in 56% of 
2422 cases. 
 
Conclusion: The described approach for using vital signs deviations, extracted from routinely 
collected data, for quality improvement was found to be a feasible and reliable method. Future work 
includes expanding this approach to other areas, such as investigating vital signs changes after 
induction of anesthesia in neonates. 
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