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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 place-
ment.  One electrode is placed at the sternal notch, an-
other is placed on the xiphoid and the third is placed in 
the right mid-axillary line at the level of the xiphoid.

Timely identi�cation of respiratory depression in the post anesthesia care unit (PACU) is critical to 
patient safety.   A signi�cant challenge in patient respiratory monitoring is the problem of alarm 
fatigue and the threat posed by measures to reduce alarm fatigue. Pulse oximetry (SpO2) is associ-
ated with signi�cant false alarms, often leading to substantive lowering of SpO2 alarm thresholds.  
However, these false alarms are most often triggered by sensor displacement and not actual re-
spiratory events.  Pulse oximetry also su�ers from a considerable time delay.   Rather than alerting 
sta� to a patient’s deteriorating respiratory condition, genuine SpO2 alarms are usually triggered 
only when the patient is already in respiratory distress1.   A novel respiratory volume monitor 
(RVM) provides continuous, real-time measurement of minute ventilation (MV), tidal volume (TV) 
and respiratory rate (RR) in non-intubated patients.  Here we assess the ability of the RVM to cap-
ture respiratory depression in advance of low SpO2 and with fewer false alarms.  

RVM and SpO2 data were collected at 1-minute intervals from 240 patients undergoing elective 
joint replacement surgery (130 females, age: 66.8±10.3yrs, BMI:29.6±5.7 kg/m2).  RVM data were 
collected via standard placement of an electrode padset on the thorax, as shown in Figure 1.  
SpO2 data were collected from records generated by the electronic health monitor.  The study 
was purely observational and patients were managed according to standard care. “Predicted” MV 
(MVPRED) and “Percent Predicted” (MVMEASURED/MVPREDx100%) were calculated for each patient based 
on standard body surface area (BSA) formulas for non-intubated ventilation under baseline con-
ditions.  Ventilation below 40% of MVPRED was de�ned as low minute ventilation (LMV) and regard-
ed as a threat to patient safety if sustained.  “Low SpO2” was  de�ned as a recorded SpO2 value 
lower than 90% and was designated as an alarm condition for the pulse oximeter3.  “Low SpO2” 
sustained for more than two minutes was considered a “desaturation event”.  “Low SpO2” lasting 
for less than two minutes was considered a “false alarm”.  Multifactor analysis of variance 
(MFANOVA) was used to evaluate di�erences in clinical populations, and unpaired one-sided t-
tests were used to compare measurements across groups.  Pearson correlations were used to 
 evaluate intra-variable dependencies

Results

Figure 2: Example of multiple desaturation events coinciding with episodes of adequate or 
elevated MV, likely caused by patient movement. 

Conclusions
Improvements in SpO2 monitoring equipment and conservative use of alarm limits have de-
creased false alarms; yet, this study showed that >90% of SpO2 alarm conditions in the PACU 
were most likely false. Continuous MV monitoring gives advanced warning of developing respi-
ratory depression due to opioids, apnea, or other factors and provides early point-of-care data 
for caregivers to modify opioid dosing or other interventions to prevent progression of respira-
tory depression to the point of true desaturation and severe compromise. The RVM has the po-
tential to improve patient safety and satisfaction and reduce the tlength of stay in the PACU as-
sociated with a true desaturation event. 

Figure 3:  (A) Distribution of the severity of desatura-
tion events recorded in the EHR.  The majority of the 
events (62/80) were less than 2 minutes long and as 
such considered to be “false alarms”. Only 1 event 
longer than 3 minutes was recorded. (B) Distribution 
across the patient cohort. 200/240 patients had no 
desaturation events, 25 patients had only false 
alarms, in 8 patients desaturation events coincided 
with excessive movement and high MV and only 7 pa-
tients (2.9% of the cohort) had “true desaturations” 
which coincided with low MV (and none of them coin-
cided with excessive movement). 
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“Low SpO2” alarm conditions were recorded in the electronic health record of 40 of the 240 patients (17%). Of the 80 alarm conditions re-
corded in these 40 patients, 62 (78%) were false alarms (<2min), often coinciding with periods of patient movement and increased respira-
tory e�ort, as illustrated in Figure 2.

 Each real desaturation event was preceded by “LMV” by an average of 16.7±4.6 min (mean±sem), as illustrated in Figure 4.  The level of 
“LMV” was strongly correlated with the time before an SpO2alarm sounded (r=0.77, p<0.05, Figure 5). While MFANOVA found no di�erence 
in the demographics of the populations with real desaturation events versus false alarms (p>0.2 for height, weight, age, BMI, sex), the 
length of stay in the PACU for the group with real desaturations was signi�cantly longer (176±9min v. 134±18min, p<0.05).

Figure 4: Example of desaturation following 34 minutes of repetitive, sustained low MV

Figure 5:  Correlation between severity of respiratory depression and delay in registered 
desaturation. The lower the recorded MV (x-axis) the sooner desaturation occurs (y-axis). 
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 The remaining 18 events were met criteria for a desaturation event and were concentrated in 15 patients (Figure 3A). The  longest such 
episode lasted for 12 minutes. The RVM showed that 11 of the 18 desaturation events coincided with excessive patient motion and high 
MV, and that only 7 events (1 per patient) were “true desaturation” events, (true indications of respiratory depression; Figure 3B).  
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