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Opioids are routinely used for the management of post-operative pain, and adequate 
respiratory monitoring remains a major challenge. Opioid-induced respiratory 
depression (OIRD) and post-operative apnea (POA) often remain unnoticed with current 
monitoring. Oxygen saturation decreases only after signi�cant respiratory compromise, 
leading to a delay in interventions, increased recovery times, adverse outcomes, and 
associated healthcare costs. A non-invasive Respiratory Volume Monitor (RVM) that 
displays continuous and real-time minute ventilation (MV), tidal volume (TV) and 
respiratory rate (RR) measurements in non-intubated patients provides an alternative to 
subjective evaluation and oximetry for assessment of respiratory status. Non-invasive 
monitoring of MV can provide an early sign of respiratory decompensation, allowing 
caregivers to alter pain management protocols or initiaite interventions to avoid 
respiratory compromise. An RVM based risk assessment protocol was developed to 
identify patients at risk for respiratory depression following opioid administration in the 
post anesthesia care unit (PACU). In the post-operative setting respiratory status is most 
commonly assessed with RR, oxygen saturation (SpO2) and subjective clinical 
assessment. This does not give a true picture of respiratory competence. Obstructive 
sleep apnea (OSA) has been considered a risk factor for post-operative respiratory 
complications. OSA remains undiagnosed preoperatively in 80% of patients. Many 
patients without a previous diagnosis of OSA manifest apneic breathing patterns after 
surgery, referred to here as “post-operative apnea” (POA). Here we use the RVM to assess 
a respiratory depression risk algorithm for the use of opioids in the post-operative 
setting and to evalulate POA.

Respiratory data from 150 patients undergoing elective orthopedic surgery (age 66 ± 
9.6 years; BMI: 30.2 ± 5.5 kg/m2), were collected in the PACU following general (34 
patients) or spinal (116 patients) anesthesia via electrode PadSet placed on the thorax. 
Written informed consent was obtained prior to enrollment.  “Predicted” MV (MVPRED) 
was calculated for each patient using standard formulas. “Percent Predicted” was 
de�ned as MVMEASURED /MVPRED x 100%. POA was de�ned as > 5 apneic events per hour 
(respiratory pause > 10 sec) in the PACU. PCA opioids (0.2 mg hydromorphone) were 
administered to 74 patients (age 65 ± 10.6 years, BMI: 29.7 ± 5.4 kg/m2). Prior to opioids, 
patients were strati�ed as ”Not-At-Risk”, MV > 80% MVPRED and “At-Risk”, MV < 80% MVPRED. 
“Low MV” was de�ned as MV < 40% MVPRED.

Figure 2: Example trace for a PACU stay demonstrating “At-Risk” and “Low MV” in relation to opioid 
dosing. (A) 53 year old male (185 cm, 109 kg, BMI of 31.7 kg/m2) arrived in the PACU. (B) Continuous MV 
trend. It is important to note that SpO2 remained at or above 95% on 2 L nasal cannula (NC) except during 
a single transient decrease to 86%, as noted in the �gure. As this desaturation was not associated with any 
intervention or change in oxygen delivery, it was likely considered to be an artifact. (C) Tidal volume (TV) 
trend. (D) Respiratory rate (RR) trend that provides no indication of this patient’s post-operative apnea 
(POA) and respiratory insu�ciency. 
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Figure 3 summarizes our �ndings: within 30 minutes of the �rst opioid dose, 24 out of the 74 
patients (32%) developed “Low MV”. This fraction was higher in patients with POA than in 
patients without POA (52% vs. 25%). At the time of discharge, 19% of all patients 
demonstrated “Low MV”. In the POA group this fraction was signi�cantly higher (38% vs. 14%, 
p>0.01). The fraction was also marginally higher among the patients receiving opioids in the 
PACU (23% vs. 16%, p>0.3). Interestingly, reguardless of opioid use and POA, patients in all 
groups were at risk for developing “Low MV”.

Figure 3: Summary of the patients identi�ed to be potentially “Unsafe” split into corresponding 
categories. Within 30 minutes of opioid administration, 32% of patients (24 out of 74) developed ”Low MV”. 
This fraction was higher (52%, 11 out of 21) in the group with post-operative apnea (POA) than in the group 
without POA (25%, 13 out of 53, p<0.05). At discharge, 19% of all patients (29 out of 150) demonstrated 
“Low MV”. Once again, in the POA group this fraction was higher (38%, 12 out of 32) than the group without 
POA (14%, 17 out of 118, p<0.01). In the group receiving opioids, 23% of patients (17 out of 74) 
demonstrated “Low MV”, whereas in the group without opioids this fraction was only 16% (12 out of 76).

Figure 1: Opioid treatment in the 
Post-anesthesia care unit (PACU). Post-hoc 
analysis of the patients who received opioids in 
the PACU (74 patients, 49%) reveals that patients 
who receive opioids when MV > 80% MVPRED 
remain “Not-Low MV” 95% of the time whereas 
patients who receive opioids with MV < 80% 
MVPRED become “Low MV” 69% of the time. 32 
patients were identi�ed as “At-Risk” and 42 were 
identi�ed as “Not-At-Risk”. 22 of the 32 patients 
classi�ed “At-Risk” displayed “Low MV” levels after 
opioid administration, whereas the remaining 10 
did not. 40 of 42 “Not-At-Risk” patients 
demonstrated “Not-Low MV”, whereas only two of 
the 42 “Not-At-Risk” patients were considered 
“Low MV”. This protocol yielded a sensitivity of 
91.6%, a speci�city of 80.0%, with a positive 
predictive value (PPV) of 68.8% and a negative 
predictive value (NPV) of 95.2%. Importantly, this 
protocol focuses more on sensitivity than 
speci�city, with only two patients with potential 
respiratory compromise misclassi�ed (note the 
NPV > 95%). This suggests that patients with an 
MV < 80% MVPRED could be switched to a low dose 
protocol for opioids for pain management. 

• Non-invasive RVM monitoring provides continuous, real-time and objective 
measurements of MV, TV and RR which quantifies resiratory depression and the 
effects of opioids and POA

• MV < 80% MVPRED is a strong predictor of OIRD and suggests that administration of 
opioids to patients with MV < 80% MVPRED prior to dosing can lead to potentially 
“Un-Safe” respiratory depression (< 40% MVPRED)

• All patients, reguardless of opioid use or POA, are at risk for developing “Low MV” 
after surgery

• Evaluation of patient response to opioids and MV measurements can lead to 
improved pain management protocols and patient-specific care plans with the 
potential to improve PACU flow, decrease healthcare costs and enhance patient 
safety

Out of the 150 patients, 74 (49%) received opioids in the PACU. Figure 1 shows that 
classifying patients “At-Risk” (32 patients) successfully identi�ed 22 out of 24 patients 
who developed “Low MV”. This protocol yielded a sensitivity of 91.6%, a speci�city of 
80.0%, with a positive predictive value (PPV) of 68.8% and a negative predictive value 
(NPV) of 95.2%. It is noted that only 2 patients with potential respiratory compromise 
were misclassi�ed. This suggests that, if a patient with an MV < 80% MVPRED requires 
opioids for pain management; they could be switched to a “low dose protocol”. This 
would likely reduce the number of “At-Risk” patients that then develop “Low MV” after 
opioids, both in the PACU and later on the �oor.
Note that 10 of the 24 patients also displayed POA and interestingly, a previous 
diagnosis of OSA was not very useful at identifying them as less than 20% of the 
OSA-diagnosed patients displayed POA. 

Figure 2 shows an example case demonstrating a potentially dangerous opioid 
administration pattern in the PACU. Upon entering the PACU, the patient had adequate MV 
ranging between 9 and 11 L/min (2A, left panel). Shortly after arrival, patient developed 
hypoventilation and POA (2A, middle panel) and after the �rst dose of PCA hydromorphone, 
severe respiratory depression (2A, right panel). 
Figure 2B displays the continuous MV trend of the patient. For the �rst 30 minutes, the 
patient’s MV often drops below 80% MVPRED (yellow zone). After the �rst opioid dose, MV 
drops to below 40% MVPRED (red zone) and remains mostly into the “Low MV” range for nearly 
2 hours. The patient is eventually discharged from the PACU with a “Low MV”. 
Figures 2C and 2D display TV and RR trends, respectively. It is noted that they are not as 
event-speci�c as the MV trend with the RR trend being the least event-speci�c of the three. 
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