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Results 
Opioid-induced respiratory depression (OIRD) and post-operative apnea (POA) 
are difficult to predict in post-operative patients, and often go unnoticed with 
current monitoring technology.  Patients with a known diagnosis of obstructive 
sleep apnea (OSA) or risk factors for OSA are considered have an increased risk 
for post-operative respiratory complications, but we have found that OSA 
patients are only a small fraction of the patients who require additional 
respiratory monitoring.  A novel, non-invasive respiratory volume monitor has 
demonstrated the ability to provide continuous, real-time, accurate, 
quantitative measurements of minute ventilation (MV), tidal volume (TV) and 
respiratory rate (RR) in non-intubated patients.  Since hypercarbia and 
hypoxemia are usually preceded by hypoventilation, the ability to non-invasively 
monitoring changes in minute ventilation can give a real-time assessment of 
true ventilatory status and enable the clinician to make informed patient care 
decisions regarding effective pain management, readiness for discharge or need 
for additional monitoring. 
 

A first-order risk assessment algorithm based on pre-opioid MV was evaluated in 
this cohort. The algorithm aimed to predict incidences of OIRD in postoperative 
patients and provide a conceptual infrastructure in which real-time monitoring 
can be combined with risk stratification to reduce the incidence of respiratory 
complications.  This algorithm was also compared to preoperative diagnosis of 
OSA for sensitivity as a predictor for POA and OIRD. 
 

 OSA diagnosis is a poor predictor of POA and OIRD, with a sensitivity of 16% and 5%, 
respectively.  More sensitive predictors of respiratory compromise are needed. 
 

 RVM MV prior to opioid administration was an excellent predictor of “Un-Safe” MV 
(MV<40%MVPRED) post-opioid, and was 95% sensitive.  This risk-assessment protocol 
can help identify and prevent dangerous and costly respiratory complications in the 
PACU. 
 

 RVM data can be used to inform caregivers and promote the development of 
protocols for the safe use of opioids for pain management, as well as development of 
discharge criteria for safe transfer of care. 
 

 This study has demonstrated that there is no standard effect of opioids on ventilation 
and that patient safety can be improved with individualized care based on the RVM 
objective measurements of ventilation. 

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. 

An impedance-based RVM (ExSpiron, Respiratory Motion, Inc., Waltham, MA) 
used a three electrode PadSet placed on the thorax to collect digital respiratory 
traces from 176 patients undergoing elective orthopedic surgery (age: 56.1±11.3 
yrs; BMI: 29.4.±6.2kg/m2).   Respiratory status was monitored per PACU 
protocol. Patient care staff was blinded to the RVM measurements but the 
respiratory trace was kept visible to confirm proper functioning of the device. 
Clinical data, including HR, BP, SpO2 and medications were also recorded. 

“Predicted” (MVPRED) and “Percent Predicted” MV (MV/MVPREDx100%) were calculated for each patient from body 
surface area.  100% MVPRED represents the MV of quiet respiration in an awake, non-intubated patient.  Patients with MV 
less than 40% MVPRED were classified as “Un-Safe,” based on ARDSnet reintubation recommendations of below 40% of 
predicted.  Patients with MV less than 80% MVPRED upon “At-Risk” of falling below the 40% threshold.  An apneic event 
was defined as a period of 10 seconds or greater with no detectable breaths, and POA was consequently defined as more 
than 5 apneic events per hour.  Patients who dropped to “Un-Safe” MV for more than 2 minutes after a dose of opioids 
were defined as suffering from OIRD. 

Of the 176 patients, 93 (53%) received opioids in the PACU.  Of these 93, only 10 (11%) had a diagnosis of OSA.  Surprisingly, 
only 1 (10%) of these 10 OSA patients receiving opioids dropped below the Un-Safe MV cutoff.  In addition to this lone 
patient, there were 18 other patients without OSA who experienced one or more episodes of OIRD.  This underscores the 
importance of increased respiratory monitoring in the PACU, since the other 96% of patients with OIRD may have not 
displayed advanced warning signs.  OSA was only 5% sensitive for OIRD and 88% specific, with a PPV of 10% and NPV of 78%. 

Figure 2: Example respiratory traces in patients without 
a pre-operative diagnosis of OSA before and after 
opioid administration. Top: Patient with no known OSA 
has significant POA after opioid. MV decreased to “Un-
Safe” (MV=15%MVPRED). Bottom: Patient with no 
known OSA demonstrates hypopnea after opioid 
(MV=15% MVPRED). 

Figure 4:  Pre-existing OSA diagnosis as a predictor for POA (A) and OIRD (B), versus RVM classification of “At-Risk” (MV<80%MVPREDICTED 
upon arrival to PACU) as a predictor for OIRD (C).  OSA diagnosis failed to capture an appreciable amount of patients with POA or OIRD, with 
sensitivities of only 16% and 5% respectively.  In comparison, RVM “At-Risk” classification was 95% sensitive for patients with OIRD.  This 
demonstrates that OSA diagnosis is inadequate for identifying patients with likely respiratory compromise, compared to real-time monitoring of 
ventilatory status. 

Results 
Of the 176 elective joint replacement patients, only 21 (12%) had an OSA diagnosis.  Of those with an OSA diagnosis, only 6 
of the 21 (29%)  patients experienced POA.  In fact, these 6 patients accounted for just 15.7% (6 out of 38) of the patients 
who experienced episodes of POA.  This highlights the dangers of relying an OSA diagnosis, since the other 84% of the 
POA patients were more likely to have their respiratory compromise go unobserved.  Overall, OSA was only 16% sensitive 
and 89% specific for predicting POA, with a positive predictive value (PPV) of 29% and negative predictive value (NPV) of 
79%. 

Figure 3: >80% MVPRED (green), “At-Risk” MV < 80% of MVPRED (yellow) and “Un-
Safe” MV < 40% of MVPRED (red).  This trend shows changes in MV in an SA patient 
who received no opioids in the PACU, yet remained in the “At-Risk” zone (yellow) 
for the majority of his stay. The combination of the trend line (black) and the 
envelope (blue) allows for easier identification of areas of adequate ventilation 
(high trend = high MV), POA (large envelope [large variations in MV]), 
hypoventilation without POA (low trend [low MV], small envelope [low variations in 
MV]), and hypoventilation with POA (low trend [low MV], large envelope [large 
variations in MV]). 

In comparison, 37 of the 93 patients who received opioids were classified as “At-Risk,” 
based on their lower-than-expected MV upon admission to the PACU.  18 of these “At-
Risk” patients were afflicted with OIRD following the administration of opioids in the 
PACU.  There was only 1 patient without an “At-Risk” designation that presented OIRD, 
demonstrating the sensitivity of this classification scheme (95%).  This risk-assessment 
protocol shows real clinical utility in identifying the vast majority of patients who are likely 
to be endangered following opioid administration, and can help fill the gap OSA leaves in 
this regard.  Our protocol was 95% sensitive for OIRD and 74% specific, with a PPV of 49% 
and NPV of 98%. 


