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Results 
Upper endoscopy is frequently performed under conscious sedation and requires 
careful monitoring of respiratory status to prevent adverse outcomes.  Propofol-
induced sedation has become increasingly popular, but may increase the incidence of 
respiratory depression. Proper assessment and maintenance of respiratory status can 
be complicated during upper endoscopic procedures due to patient positioning and 
poor access to the airway. While oximetry detects severe adverse events, it is not 
sensitive enough to detect early signs of hypoventilation, and the measurements are 
often confounded by supplemental oxygen, which is commonly used during upper 
endoscopic procedures1,2. Capnography provides additional respiratory data, but it is 
less useful in non-intubated patients, and measurements have proven especially 
challenging in patients undergoing upper endoscopic procedures.3,4 Although CO2 
values are not uniformly reliable, capnography-generated respiratory rate 
measurements are frequently used for clinical decision making.5 Close monitoring of 
respiratory rate (RR) has been presented as a potential solution to ventilation 
monitoring, but since ventilation is dependent on both tidal volume (TV) as well as the 
frequency of breaths, RR monitoring alone cannot provide a complete solution.3,5 A 
novel, non-invasive Respiratory Volume Monitor (RVM) that provides continuous, real-
time measurements of minute ventilation (MV), TV, and RR has been developed to 
address the shortfalls in current respiratory monitoring technologies.  This analysis uses 
RVM technology and data to evaluate respiratory status and episodes of 
hypoventilation during upper endoscopic procedures and to describe the underlying 
etiology of hypoventilation events as related to either decreases in tidal volume or 
respiratory rate or periods of apnea.  

 It proved difficult to collect consistent ETCO2 data and we only were able to record 
respiratory rate data from the capnograph 33% of the time.  

 RR alarms often alert care providers about periods of bradypnea that are not 
associated with hypoventilation. 

 RR measurements and alarms failed to detect periods of hypoventilation in these 
cases due to a primary decrease in TV that can occur in association with an 
adequate RR. 

 RR alone is inadequate for detecting hypoventilation and respiratory depression, 
with a sensitivity of 18.2%, showing that the relative size of each breath is equally 
critical to assure respiratory sufficiency.   

 RVM provides a new way to collect MV measurements which provide more 
comprehensive data than RR alone.  

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. 
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Digital respiratory traces were collected from 51 patients (age: 54 ± 5 years, BMI: 28 ± 2 
kg/m2) undergoing upper endoscopy (28 EGD, 14 ERCP, 7 EUS, and 2 gastroscopies) 
using an impedance-based RVM (ExSpiron, Respiratory Motion, Inc., Waltham, MA) with 
an electrode PadSet placed on the thorax (Figure 1). Baseline MV for each patient was 
derived from a 30-second period of quiet breathing prior to sedation (MVBASELINE). MV, 
TV & RR were calculated from 30-second segments over the entire stay. All patients 
were sedated with propofol. Capnography data (Smart CapnoLine, Philips, Andover, 
MA) were also collected.  Clinical data, including HR, BP, SpO2 and EtCO2 were collected 
electronically from patient monitors every ten minutes by an electronic health record 
system. Because the RR from capnography was infrequently reported, the RVM RR’s 
were used for analysis.  RR values were compared to the MV measurements, and 
sensitivity and specificity of RR as a predictor of inadequate ventilation (MV<40% 
MVBASELINE) were calculated.  

• Initial analysis was performed on the aggregate cohort. The digital respiratory traces (an average of 1.56 hours of recordings per patient) 
were divided into 9575 30-second-long trace segments. MV measurements were calculated as a percent of each patient’s MVBASELINE.  

• Despite MV being a function of RR (MV=RR x TV), there was generally a poor correlation between MV and its corresponding RR 
measurement (r = 0.05, Figure 2).  

• Using standard “Un-Safe” cut-off values for low MV (MV < 40%MVBASELINE) and low RR (< 6 bpm) 4.3% and 1.5% of all recorded MV and RR 
measurements were below their respective “Un-Safe” cut-offs.   

• Only 1% of all 30-second trace segments yielded MV and RR values that would be considered “Un-Safe” based on both MV and RR cut-offs.  
• Figure 3 displays five different simulated RR alarm conditions, and shows that a substantial fraction of low MV measurements remain 

undetected with a simple RR alarm limit. 
• With a RR cutoff of 8 bpm, more than 70% of all low MV events would be missed.  
• With a RR cutoff of 4 bpm, nearly 90% of all low MV events would be missed. 

• Figure 4 shows two example cases in which a low RR alarm (6 bpm) would be inadequate at identifying potentially dangerous respiratory 
compromise.  

• Figure 5 shows how using a simple RR alarm would not only miss potentially dangerous low MV events but also capture numerous false-
positive events (where MV was adequately high, despite a low RR).  

Figure 2: Analysis performed on all measurements collected (9575) reveals that although 
minute ventilation (MV) is a function of respiratory rate (RR; MV=TV x RR), there is very 
weak correlation between any particular MV measurement and its corresponding RR 
measurement (r=0.05) suggesting that if MV is an indicator of respiratory performance, 
RR is not an adequate proxy. 

Figure 4: Example plots of individual patient data.  Minute ventilation (MV) and respiratory rate data recorded with the RVM system during procedural sedation in upper endoscopy.  The MV plot depicts three zones based on 
percent of predicted MV (MVPRED). Red: <40% MVPRED, yellow: ≥ 40%, but <80% MVPRED, and green: ≥80% MVPRED. (A) Patient A (Age: 47, BMI: 23) exhibits acute transient hypoventilation in response to sedation.  Two jaw thrusts 
were performed by anesthesia staff in response to this hypoventilation.  Respiratory rate remained elevated during this period.  (B) Patient B (Age: 62, BMI: 30) exhibits respiratory depression in response to sedation.  A large 
decrease in minute ventilation is observed following propofol and opioid administration.  Only one respiratory rate measurement was recorded below 6 breaths per minute over this period.   

Figure 3: A simulation of a variety of potential RR alarm conditions and the probability they capture 
a low MV event. Varying RR cutoff from 4 breaths/min (black line) to 8 breaths/min (green line) 
increases the fraction of low MV events captured by the RR alarm, however, a substantial fraction 
remains undetected in all conditions. With a RR cutoff of 8 breaths/min (green line), more than 70% 
of all MV measurements below 40% MVBASELINE level would be missed. Decreasing the RR cutoff to 4 
breaths/min misses nearly almost 90% of MV measurements below 40% MVBASELINE (black line).  

Alarm condition n (%) 
RR < 6 

b/min 
MV < 40% MVBASELINE Classification 

Number of events per person 

in each respective group 

Low RR alarms coincide 

with low MV events 
23 (45%) YES YES True Positive 4.0 alarms per person  

Low MV events are missed 

by RR alarm 
13 (25%) NO YES False Negative 31.5 missed events per person 

RR alarms are triggered 

without corresponding 

low MV events 

18 (35%) YES NO False Positive 
7.8 potentially false alarms per 

person  

Neither a low RR alarm nor 

low MV event were noted 
24 (47%) NO NO True Negative None 

Figure 5: Low RR (RR < 6 b/min) as a predictor 
of low MV (MV < 40% MVBASELINE).  Systematic 
analysis of 9575 RR measurements from 51 
patients showed that RR was a poor predictor 
MV < 40% of MVBASELINE with a sensitivity of 
18.2%, specificity of 98.5%, positive predictive 
value (PPV) of 39.4% and negative predictive 
value (NPV) of 95.6%.  This demonstrates that 
RR alone is inadequate for the assessment of 
respiratory competence. 

Table 1: shows how the behavior is not uniform across the patient cohort. 
• In 23 of the 51 patients (45%) low RR and low MV alarms coincide, and this happens 

an average of only 4 times/case.  
• In 13 of the 51 patients (25%) an average of 31.5 low MV events are missed by a 

simple low RR alarm (<6 bpm). 
• In 18 of the 51 patients (35%) 7.8 false alarm would have been triggered by a low RR 

alarm (<6 bpm).  


