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Objectives 

• What defines a good test? 

• Types of Portable Monitoring 

• Performance of Portable Monitors 

• Outcomes using Portable Monitoring 

• Future Directions 



Goals of Sleep Testing 

• For this discussion limit testing to the 

diagnosis of sleep disordered breathing. 

 

• Separate patients with abnormal breathing 

at night from those with normal breathing. 



Gold Standard Test 

• 100% sensitive   

Sensitivity – Ability of a test to recognize 

patients who have sleep apnea 

 

• 100% specific  

Specificity – Ability of a test to recognize 

patients who do not have sleep apnea 
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Sensitivity and Specificity 

• Excellent way to gauge the accuracy of a 

test 

 

• Not very helpful clinically because they are 

based on known presence/absence of 

disease 



Positive and Negative Predicitive 

Values 
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Positive and Negative Predicitive 

Values 

 

• Positive predictive value and negative 

predictive value 

 

– Depend on disease prevalence 



Positive and Negative Predicitive 

Values 

50% 

PPV 

99% 

NPV 

Disease  

Present 

Disease 

Absent 

Total  

Test 

Positive 

9 9 18 

Test 

Negative 

1 891 892 

Total  10 990 1000 1% 
Prevalence 

Test with 90% sensitivity and 90% specificity 



Positive and Negative Predicitive 

Values 

90% 

PPV 

90% 

NPV 

Disease  

Present 

Disease 

Absent 

Total  

Test 

Positive 

450 50 500 

Test 

Negative 

50 450 500 

Total  500 500 1000 50% 
Prevalence 

Test with 90% sensitivity and 90% specificity 



Likelihood Ratios 

• +LR = (sensitivity/(1-specificity))  

• Proportion of patients with the disease and 
a positive test divided by the proportion of 
people without disease and a positive test 

• -LR = (specificity/(1-senstivity))   

• Proportion of patients without the disease 
and a neagtive test divided by the portion 
of patients with the disease and a negative 
test 



Useful ranges of LR 



Medical Decision Making 

• Step 1 – Determine the threshold of the 

probability the patient has disease that 

would cause you to treat it. 

• Depends on the consequences of treating 

or not treating. 



Using Likelihood Ratios 

• Determine Pre–test probability  

• Convert pre test probability to pre test 

odds (probability/1-probability) 

• Multiply pre test odds by the LR ratio to 

get post test odds 

• Convert post test odds to post test 

probability = (odds/1+odds) 

 



Pre-test Probability 
 

• Subjective estimates (clinical experience) 

– 50yo male with loud snoring, obesity, htn 

• Disease prevalence 

– 27% of working age males in Wisconsin 

cohort 

• Prediction rules 

– Berlin, Stop-bang 

 

 



Using LR 

• 80% pre test probability = pre test odds of 4 

 

• 4 x 10 (+LR) = post test odds of 40 

 

• Post test odds 40 = post test prob 98% 

 



Using LR 

• 80% pre test probability = pre test odds of 4 

 

• 4 x .05 (-LR) = post test odds of 0.2 

 

• Post test odds 0.2 = post test prob 16% 
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“Other” types of portable monitoring 

• Watch Pat 

• 4 channel device that records peripheral 

arterial tone, pulse oximetry, heart rate, 

and actigraphy 

 



In Lab Polysomnography 

• Retrospective chart review of 241 patients 

with 2 PSGs 

• 28 patients studied a 2nd time because of 

persistence of symptoms 

• 9 of the 28 patients found to have sleep 

apnea on the second study 

• 7 of the 9 had severe sleep apnea 







Polysomnography 

• 11 patients with a high pre-test probability 

of the disease were re-studied 

• 6 of the 11 patients found to have OSA on 

the second study 



Conclusion 

• Polysomnography is a reference standard, not a 

gold standard. 

• Night to night variability caused by: 

– sleep architecture 

– sleep position 

– medications 

– etc. 

• Patients with a high pre-test probability of the 

disease need 2 studies to rule out OSA 
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Type 2 Portable Monitoring 

• Ares/Watermark 

• Respironics Alice PDX 

• Compumedics Somte 

• Embletta 

• These were excluded from the 2007 report 

by the Portable Monitoring Task Force 





Ares Validation 

• +LR = 6.76 

• -LR = 0.03 



Ares Validation 



Ares Validation 



Type 3 Portable Monitoring 

• Resmed Apnealink Plus 

• Respironics Stardust 

• Medibyte/Medibyte Jr 

 



Somnocheck Validation 

• 157 subjects referred for OSA evaluation 

underwent PSG with simultaneous 

portable monitoring, then HST with level 3 

device on separate night 

• Pregnant women, patients with severe 

comorbidities and pts unable to perform 

test were excluded 





Somnocheck Validation 



Somnocheck Validation 



Type 4 Portable Monitoring 

• Apnea Link 

 



Apnea Link Validation 



Apnea Link Validation 

+LR = 16.8 

 

-LR = 0.1 



Watch Pat Validation 





Watch Pat 

• For AHI of 15 events per hour 

• Sensitivity = 93.3% 

• Specificity = 73.3% 

• +LR = 3.5 

• -LR = 0.1 

 

Sleep Medicine 4(5) 2003, Pages 435-442  



Objectives 

• What defines a good test? 

• Types of Portable Monitoring 

• Performance of Portable Monitors 

• Outcomes using Portable Monitoring 

• Future Direction 



Outcomes of HST vs PSG I 

• 102 subjects referred for OSA evaluation 

randomized to HST with APAP titration 

and fixed pressure therapy vs PSG, 

titration, and therapy. 

• Outcomes after 4 weeks of CPAP therapy 

• Outcome measures were ESS, PSQI, 

SAQLI, SF-36, BP, CPAP compliance 



Outcomes of HST vs PSG I 







Outcomes of HST vs PSG I 



Outcomes of HST vs PSG II 

• VA study with 106 consecutive patients 

referred for OSA evaluation 

• Experimental arm had Watch Pat followed 

by APAP and traditional CPAP 

• Control arm had split night study or 

PSG/titration 



Outcomes of HST vs PSG II 



Outcomes of HST vs PSG II 





Outcomes of HST vs PSG II 
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Outcomes without PSG 

• High pretest probability of OSA, medically 
stable, not taking sedatives 

• Randomized to standard 2 night PSG or 
“ambulatory” treatment 

• Ambulatory treatment was auto-cpap, 
oximetry, and subsequent fixed pressure 
CPAP therapy 

• All patients had PSG on determined CPAP 
settings as well as ESS, SAQLI 









How good are prediction rules? 

sens spec +LR -LR 

Stop 

Bang1  
92.9 43.0 1.62 0.17 

Berlin2 54 97 16.62 0.47 

Neural 

Network3 98.9 80 4.95 0.01 

3.CHEST / 116 / 2 / AUGUST, 1999 1. Anesthesiology, V 108, No 5, May 2008 2. Annals of Internal Medicine 131(7) Oct 1999 


