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Figure 1: A non-invasive Respiratory Volume 
Monitor (RVM, ExSpiron, Respiratory Motion, Inc.) 
that provides continuous, real-time, non-invasive 
measurements of MV, TV and RR. Figure shows 
standard electrode placement.  One electrode is 
placed at the sternal notch, another is placed on the 
xiphoid and the third is placed in the right 
mid-axillary line at the level of the xiphoid.

Post-operative respiratory depression (PORD) and sleep disordered breathing, including 
obstructive sleep apnea (OSA) are well-established risk factors for post-operative respiratory 
complications, with increased prevalence in the obese population.    Current post-operative 
monitoring does not provide quantitative measurements of ventilation, and the true incidences 
of PORD and post-operative apnea (POA) remain unknown. Because these incidences often 
increase with opioid use, accurately determining the risk associated with both PORD and POA is 
especially important given the prevalent use of opioids and other respiratory depressants in 
post-operative analgesia.

Unfortunately, respiratory monitoring options for obese patients are limited.   Current clinical 
practice relies on tools such as the STOP-Bang (SB) questionnaire to identify patients at in-
creased risk for disordered breathing and stratify them into higher-acuity protocol. These pa-
tients are often monitored more vigilantly, placed on a lower opioid regimen or require addi-
tional respiratory interventions (e.g. CPAP, BiPAP, supplemental oxygen).  Such strati�cations are 
not based on real-time, quantitative evaluation of respiratory status, and can often result in in-
creased cost and length of stay with negligible improvement to patient outcomes. To address 
these issues,  a non-invasive, impedance-based respiratory volume monitor (RVM) that provides, 
accurate, continuous, real-time, quantitative measurements of minute ventilation (MV), tidal 
volume (TV) and respiratory rate (RR) was used to track patients’ respiratory status during post-
operative care. Here we quanti�ed the incidence of PORD and POA in an obese population and 
 evaluated the association between STOP-Bang scores and other potential risk factors

Following IRB approval and written informed consent, a bio-impedance based RVM (ExSpiron, Respiratory 
Motion Inc., Waltham, MA) was used to collect continuous digital respiratory traces from 80 obese patients 
(BMI>35kg/m2) undergoing elective surgery with general anesthesia, via an electrode PadSet placed on the 
thorax (Figure 1). This cohort comprise of 25 males and 55 females aged 47 ± 12 years with an average BMI of 43 
± 7 kg/m2. Monitoring began pre-operatively and continued until PACU discharge. Demographic data, medical 
history and STOP-Bang scores were collected.  Patients were strati�ed into low (0-2), intermediate (3-4) and high 
(5-8) OSA risk categories based on STOP-Bang scores.  An apneic event was de�ned as no detected breaths for 
more than 10sec. POA was de�ned as more than 5 apneic events per hour over the entire PACU stay.  Predicted 
MV (MVPRED) was calculated for each patient based on ideal body weight (IBW).   The lowest minute ventilation 
(LMV) in the PACU over any given 5 min period was identi�ed, and a LMV of less than 40% predicted was de�ned 
as PORD.   Sensitivity and speci�city analyses and Fisher exact tests were used to test for associations between 
PORD and POA with STOP-Bang categories and pre-existing diagnosis of OSA.  A multi-factor ANOVA was used 
to test for associations between PORD and POA and BMI, age, sex, diabetes, asthma, CHF, COPD and CAD.   

Results
PORD:  Thirteen of 80 patients in this cohort (15%) displayed post-operative respiratory depression (PORD), as de�ned by 
the lowest minute ventilation over a 5 minute stretch in the PACU being below 40% of MVPRED. Further analysis revealed 
no signi�cant association between incidence of PORD and either STOP-Bang score risk strati�cation or pre-existing OSA 
diagnosis (Table 1, row 1).   Additionally, none of the potential risk factor variables examined in our multivariate analysis 
showed association with the incidence of PORD.  
  
POA:   Twenty-�ve of 80 patients (31%) in this cohort demonstrated post-operative apnea (POA), as de�ned by > 5 apneic 
events per hour over the course of the PACU stay.  The better �delity of the RVM system led to identi�cation of far more 
apneic events in the PACU and the more conservative de�nition of postoperative apnea as a single episode over the entire 
PACU period was overly sensitive. Further analysis revealed no signi�cant association between incidence of POA and 
either STOP-Bang score risk strati�cation or pre-existing OSA diagnosis (Table 1, row 2).  Multi-factor ANOVA revealed that 
age was the only variable tested that showed signi�cant association with POA incidence (p<0.01).  None of the additional 
risk factors examined (BMI, sex, diabetes, asthma, CHF and CAD) showed signi�cant association.

Table 1: Association of STOP-Bang score category and OSA diagnosis with postoperative apnea and postoperative respiratory de-
pression. The fraction of patients with POA was similar among patients with low (0-2), Intermediate (3-4) and high (5-8) STOP-Bang 
scores and among those with or without pre-existing diagnosis for OSA. Similarly, the prevalence of PORD among the same groups 
was not signi�cantly di�erent (p>0.2 for all comparisons)

Finally, we examined the relationship between POA and PORD for possible predictive power of POA on 
reduced ventilation. We found that POA was a poor predictor (sensitivity 54%, sensitivity 73%) of PORD 
in this cohort, likely due to the rescue breath size and variability (Figure 2).   As a comparison, a previous 
analysis1 in obese patients showed that pre-opioid MV below 75% of MVPRED predicts opioid-induced 
respiratory depression with sensitivity of 89% and speci�city of 71%, where opioid-induced respiratory 
depression is de�ned as MV below 40% of MVPRED , sustained over 2 minutes  in the PACU (Figure 4).    

Conclusions
• RVM technology allows for direct, quantitative monitoring of respiratory compromise in the PACU
• RVM demonstrated evidence of POA and PORD not predicted by STOP-Bang score or OSA diagnosis.   
• OSA diagnosis and STOP-Bang scores were not useful predictors of PORD or POA
• Risk stratification according to OSA diagnosis or STOP-Bang score may not be an effective patient    
management strategy
• Age was significantly associated with POA incidence.   All other criteria commonly linked to increased 
incidence of POA and PORD in the PACU showed no association in this cohort.
• Identifying patients with POA is insufficient to identify patients with low MV in the PACU
• The use of RVM to quantify POA and PORD post-operatively has the potential to individualize patient 
respiratory care and improve patient safety
• Further study is needed to identify how to best use this technology to optimize patient safety, 
improve patient satisfaction and streamline care

Figure 4:  Post-operative apnea (POA) as a predictor 
of post-operative respiratory depression (PORD). POA 
was a poor predictor of PORD (de�ned here as low 
MV) with a sensitivity of only 54%, a positive predic-
tive value (PPV) of 28% and a negative predictive 
value (NPV) of 89%.
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Figure 5:  Pre-opioid MV below 75% of MVPRED as a 
predictor of opioid-induced respiratory depression 
(<40% MVPRED for 2 minutes) in obese patients.  Sen-
sitivity is 89% and speci�city is 71%.  Positive predic-
tive value is 50%, and negative predictive value is 
95%.      We also carried out a series of sensitivity and speci�city analyses evaluating OSA diagnosis as a predictor of PORD and POA 

in this cohort.   As shown in Figures 2 and 3, OSA was not predictive of either POA or PORD.  
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Patients with POA
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Figure 2:  Pre-existing OSA diagnosis is a poor predictor of 
post-operative apnea (POA), with sensitivity of 36% and speci-
�city of 64%.  Positive predictive value was 31% and negative 
predictive value 69%.

Figure 3:  Pre-existing OSA diagnosis is a poor predictor of 
post-operative respiratory depression (PORD), with sensitivity 
of 46% and speci�city of 64%.  Positive predictive value was 
19% and negative predictive value 86%.     

STOP-Bang OSA Diagnosis

Low (0-2) Intermediate (3-4) High(5-8) - OSA + OSA

Total # n=12 n=25 n=43 p-value n = 51 n = 29 p-value

+ PORD n (%) 2 (8) 3 (12) 8 (19) 0.91 7 (14) 6 (20) 0.53

+ POA n (%) 3 (25) 5 (20) 17 (40) 0.24 16 (31) 9 (31) 1.00


