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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 PadSet 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.
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Millions of endoscopic procedures are performed annually in the US under conscious 
sedation, and are considered generally safe.  Because of this, they are often performed in 
an outpatient setting. This increases the need for careful monitoring of respiratory status, 
as an anesthesiologist may not be readily available to address unexpected airway 
compromise. Current clinical practice relies on pulse oximetry to detect hypoxia; 
unfortunately, oximetry is rarely able to detect early signs of hypoventilation. By the time 
an alarm is triggered, respiratory compromise may already be significant. While 
capnography works in stable intubated patients, its utility during endoscopic procedures 
has been repeatedly questioned.  A novel, non-invasive Respiratory Volume Monitor 
(RVM) that can provide accurate measurements of minute ventilation (MV), tidal volume 
(TV) and respiratory rate (RR) in non-intubated patients has recently become available. 
Previous work utilizing the RVM has shown that although MV is a function of RR 
(MV=TV*RR), RR alone is a poor indicator of low MV.  In fact, it is depression in TV that is 
responsible for most cases of Low MV (LMV, defined as MV<40%MV Baseline is less than 
40% of the 100% MV Baseline for that patient). In the studied endoscopy setting, over 80% 
of all Low MV episodes occurred at RRs above 6.A Here we used the RVM to identify the 
incidence of LMV and the associated respiratory rates during both endoscopic procedures 
and the post-procedure recovery periods. We aimed to characterize the incidence of low 
MV episodes not only during the endoscopic procedure, but also in the post-procedure 
recovery period, and to investigate the advisability of monitoring patients’ respiratory 
status outside the procedure room.

During the endoscopic procedures, the anesthesia staff managed patients using capnography-based RR monitoring in order to identify and 
treat potentially dangerous episodes of apnea and respiratory depression. Despite this monitoring, the RVM recorded 323 separate 
unresolved LMV episodes in the 51 patients, which accounted for 8.0% of all intra-procedure recordings (Fig. 2A). In comparison, the 
incidence of LMV in the post-procedure recovery period was 3.7%, corresponding to 140 LMV measurements (Fig. 2B). Interestingly, LMV 
measurements during the recovery period were concentrated among patients who had repeated LMV during the procedure, with only 3 
patients displaying LMV post-procedure without any LVM during the procedure. Furthermore, in these 3 patients LMV was never sustained 
for more than 60 second during the recovery period. 

In general, respiratory rate measurements were poorly correlated with MV (r<0.05) in both the intra-operative and post-procedure periods.  
Over 80% of all LMV episodes occurred with patient RR above 6 breaths/minute, highlighting that even with a seemingly safe RR, patients 
may still be inadequately ventilated.  Across both the intra-operative and post-procedure periods, low RR was a poor predictor of LMV with 
a sensitivity of 17.6% (Fig. 3). Furthermore, 54% of all low RR events during and after the procedure were false alarms associated with 
adequate MV. This indicates that these patients were taking recovery breaths with sufficiently -large TVs to compensate for their low RRs.

• Despite presence of anesthesia staff and use of capnography equipment, patients 
spent a significant amount intra-procedure of time with low minute ventilation.

• Even in the post-procedure recovery period, intermittent respiratory depression shows 
the need for increased monitoring of ventilation.

• Respiratory rate is poorly correlated with MV (r<0.05). Over 80% of all LMV episodes 
did not coincide with RR<6 breaths/min, and could remain undetected.

• Accurate, real-time measurements of both respiratory rate and tidal volume are 
required to assess ventilatory status.

• RVM provides a new method of collecting MV, TV, and RR measurements which 
provide more comprehensive information than RR alone.

Figure 2: Distribution of RVM measurements during the intra-procedure (A) and post-procedure recovery (B) periods. Respiratory rate (x-axis) 
measurements are poorly correlated with MV (y-axis, r<0.05) in both periods. Using conventional RR monitoring alone would fail to capture more 
than 80% of all low MV episodes, as they do not coincide with low RR. The use of sedatives and anesthetics during the endoscopic procedure 
lead to a much higher the incidence of low MV (8.0% vs. 3.7%).

Figure 3: Low RR (RR < 6 b/min) as a predictor of low MV (MV < 40% MVBASELINE).  
Systematic analysis of RR and MV measurement pairs from 51 patients showed that RR was 
a poor predictor of low MV both during upper endoscopy (A) and post-procedure (B). The 
sensitivity of this predictor during either period was below 20% and the positive predictive 
value (PPV) was under 50%.  This underscores the fact that RR alone is incapable of 
adequately assessing respiratory competence.
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An impedance-based RVM (ExSpiron, Respiratory Motion, Inc., Waltham, MA) used three 
thoracic electrodes to collect continuous respiratory data from 51 patients (age: 54 ± 5 yrs, 
BMI: 28 ± 2 kg/m2) undergoing upper endoscopic procedures (Figure 1). Baseline MV 
(MVBASELINE) for each patient was defined during a 30-second period of quiet 
spontaneous ventilation prior to sedation. MV, TV & RR were calculated from 30-second 
respiratory segments.  The anesthesia care team was blinded to the RVM measurements 
of MV, TV, and RR, but the respiratory waveform was kept visible to confirm that the device 
was functioning properly. All patients were sedated with propofol with or without other 
agents (e.g. fentanyl, ketamine, midazolam) with anesthesia monitoring including 
capnography. The predictive value of RR as a measure of inadequate ventilation (LMV < 
40% MVBASELINE) was evaluated by comparing periods of LMV and low RR (<6 b/min). 
The incidences of hypoventilation in the intra- and post-procedure periods were 
compared.
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