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Learning Objectives

1.       Critically evaluate the reasons for monitoring patients
2.       Discuss important studies relating to monitoring and clinical outcome 
prediction
3.       Evaluate the accuracy of prediction of state change in sleep apnea 
monitoring and potential scientific impact.



Why Do We Monitor Patients?

1. Because it is medico-legally mandatory - i.e., SOC?

2. Because it makes sense?

3. Because it means something about the organ being monitored?

4. Because monitoring changes outcomes?
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Postoperative SDB course



Relationship Between SDB & 
Postoperative Respiratory Failure
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Does Monitoring Change Outcomes?

Two step rule:

1. Monitoring changes treatment

2. Treatment changes outcomes



Four Potential Ways to Use Monitoring Data

● By classifying real-time step change in state of health (physiological to 
pathological state)
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relationship with specific disease process is known
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Capturing Real-Time (Retrospective) Step Change
Threshold Based Surveillance System





Early Postoperative (PACU) Pulse Oximetry and 
Outcomes? 

● Derive the best measures of desaturation:

○ Consider the measures as surrogates of a certain clinical phenotype

● Several dimensions of desaturation

○ Depth - nadir

○ Duration - under threshold? Under median? 

○ Area under the curve

○ Oxygen therapy?
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Predicting Future Step Change 
Integrated Monitoring System (IMS)

● An IMS (BioSign; OBS Medical, Carmel, Indiana) used heart rate, blood 
pressure, respiratory rate, and peripheral oxygen saturation by pulse 
oximetry to develop a single neural networked signal, or BioSign INDEX 
(BSI) 

● Data were analyzed for cardiorespiratory instability according to BSI trigger 
value and local MET activation criteria. 

● Tarassenko and Pinsky



What Did IMS Change?

●18, 248 hours of continuous monitoring

●111 MET activation criteria events caused by cardiorespiratory 
instability in 59 patients

○ All MET events were detected by BSI in advance (mean, 6.3 hours) in a 
bimodal distribution (6 hours and 45 minutes; 100% sensitivity)

○ But MET activation for this cause occurred in only 7 patients (6% PPV for MET 
activation; NNT/NNP not calculated)







Can Monitoring Harm?



Countering Alarm Fatigue vs. System Failures

●Countered by widening thresholds and introducing delays

○ SpO2 threshold of 80% alerts in 0.67% of patients 
Vs. 6.25% alert rate at a SpO2 threshold of 90%

○ The PPV of IMS is <10% despite extending delay to 4 out of 5 min period.

●System failures are extensive/common
https://www.ecri.org/Documents/PA_PSRS/2008.03_Suppleme
nt.pdf
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OSA and Pulse Oximetry

● Episodic airway obstruction with ‘subtle’ desaturation epochs
○ Reproducible
○ Exacerbated by exposure to anesthesia and surgery

● Public health implications
○ Disease and mortality burden
○ Costs

● Treatment modalities unsatisfactory - event insensitive?
○ CPAP
○ Weight loss
○ Surgery



Change in HRV - Sympathovagal Control Pattern

● Case control retrospective design

○ 20 patients with early post-extubation respiratory/airway failure

○ 20 matched controls for age decile, gender, AHI, surgical specialty 

● PSG data from formal in-lab study within 1 year of event  (before or 
after)

● HRV metrics derived from whole night ECG analysis

● Time series data split into 1-min segments, classified under sleep 
stages, OSA vs CSA events and cumulative distribution



Sympathovagal Balance Across Sleep Stages



REM related Vagal Predominance in Adverse Outcome
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Why Predict SpO2 Signal Values in OSA?

● Airway events precede desaturation in a dose dependent manner

● Some evidence that deep desaturation episodes carry greater threat
○ Ventricular arrhythmias

○ Some evidence that treatment reduces arrhythmia risk

● Finite inputs for single output (MISO modeling)
○ Previous SpO2 values and system tendency to desaturation

○ Sleep state

○ Medications





Oxygen treatment 
ENHANCED the 
ability of the model to 
predict SpO2 values 
60-seconds ahead of 
time



Apnea Prediction?



Summary

1.       Critically evaluated the reasons for monitoring patients
2.       Challenging to link monitoring with clinical outcomes
3.       Prediction of events may have potential clinical impact.


