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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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Over 25 million gastrointestinal endoscopic procedures are performed each year in the United 
States and of those approximately 10 million are upper endoscopic procedures, which are 
frequently performed under conscious sedation and require careful monitoring of ventilation. 
During these procedures, adequate assessment and maintenance of a patient’s airway is often 
challenging, and this is compounded by: (1) loss of pharyngeal muscle tone caused by anesthetics 
that can lead to airway collapse, (2) respiratory depression, and (3) respiratory arrest.  
Anesthesiologists often use airway maneuvers, such as chin lifts and jaw thrusts, to relieve airway 
obstructions and ensure adequate ventilation.  When conventional monitoring equipment is used, 
airway maneuvers are often used to treat rather than prevent respiratory compromise – a problem 
that can be solved with real-time monitoring of respiratory volume. Furthermore, troubleshooting 
the cause of airway obstruction is especially difficult during endoscopic procedures where patient 
positioning can impede access and a portion of the airway is compromised by the endoscope. The 
effectiveness of two types of airway maneuvers (jaw thrusts and chin lifts) in restoring airway 
patency and ventilation were compared.A  Conventional RR monitoring was compared to a novel, 
non-invasive, respiratory volume monitor (RVM) that provides accurate and continuous real-time 
minute ventilation (MV), tidal volume (TV) in addition to respiratory rate (RR) measurements, to 
quantify the change in MV from before and after an airway maneuver. One of the goals of the study 
was to quantify the incidence of low MV, a metric for identifying inadequate ventilation, and to 
compare that to corresponding RR to gauge if RR is an adequate measure of ventilation.B 

• RVM monitors continuous, non-invasive measurements of MV, TV and RR in non-intubated patients,  providing respiratory 
data previously unavailable during endoscopic procedures.  
• RVM quantifies the effectiveness of various airway maneuvers in restoring upper airway patency during endoscopic 
procedures.   
• RVM quickly informs caregivers of inadequate ventilation, enabling them to better assess the need for airway maneuvers and 
the effectiveness of the maneuvers completed, by providing them real-time feedback. 
• RVM measures MV, TV and RR, instead of using RR alone as a proxy for respiratory status. This has the potential to reduce 
over-treatment of benign events and under-recognition of potentially dangerous events when RR is used alone for clinical 
decision-making.  
• RVM has the potential to fill a significant gap in patient monitoring and ventilation to help improve patient safety during 
endoscopic procedures.  

The endoscopic procedures included 15 EGD, 4 ERCP, 4 EUS and 2 gastroscopies. Airway maneuvers were 
performed in 19 of 25 patients for a total of 45 maneuvers. Among these, 15 maneuvers occurred during the 
insertion or removal of the endoscope, 7 immediately followed a previous maneuver, 3 were suctions – these 25 
were removed from the analysis. Of the remaining 20, there were 11 jaw-thrusts and 9 chin-lifts. 

Jaw thrusts increased MV, on average, from 4.1 ± 0.7 L/min to 6.1 ± 1.0 L/min (25 ± 6% increase) and chin lifts 
increased MV from 5.0 ± 1.0 L/min to 6.8 ± 1.1 L/min (21 ±9% increase) as shown in Figure 2. The increases in MV 
resulting from these maneuvers were significant in both cases (paired t-tests, p<0.01 and p<0.05, respectively). It 
is worth noting that jaw thrusts were usually performed at lower MV’s than chin lifts. 

Figure 3: Analysis performed on all measurements 
collected (3711) reveals that although minute ventilation 
(MV) is a function of respiratory rate (RR; MV = TV x 
RR), there is a very weak correlation between any 
particular MV measurement and its corresponding RR 
measurement (r=0.02) suggesting that if MV is an 
indicator of respiratory performance, RR is not an 
adequate proxy.

Figure 4: Example of Respiratory Depression Unnoticed by Current Patient Monitoring: Example 
Respiratory Volume Monitor (RVM) traces and volume measurements from a patient undergoing 
an esophagogastroduodenoscopy (EGD) where an airway maneuver may have been helpful 
(healthcare team members blinded to RVM data).  Prior to sedative administration or initiation of 
the procedure, the baseline minute ventilation (MVBASELINE) is 7.3 L/min, (16% above the predicted 
minute ventilation (MVBASELINE) of 6.3 L/min).  At the beginning of the procedure, and after 
sedation, the measured MV was 82% of MVBASELINE (minute ventilation (MV) = 6.0 L/min, tidal 
volume (TV) = 300 ml, respiratory rate (RR) = 20).  Three minutes into the procedure, after an 
additional 50 mg bolus of propofol, MV dropped to 16% of MVBASELINE, largely through a reduction 
in TV to 17% of TVBASELINE, while RR remains at 100% of RRBASELINE  (MV = 1.2 L/min,TV = 80 ml, 
RR =15). Given standard monitoring tools and clinical assessment, the respiratory depression 
remained unnoticed and no airway maneuver was performed.A bio-impedance based RVM (ExSpiron, Respiratory Motion, Waltham, MA) was used to collect 

continuous digital respiratory traces from an electrode PadSet placed on the thorax (Figure 1). 
Following IRB approval and informed written consent, continuous respiratory data were collected 
from 25 patients (age: 54.1, range: 20-83 years, BMI: 27.6, range: 21-46kg/m2) undergoing 
conscious sedation for advanced endoscopic procedures.  Average MV, TV, and RR were 
calculated from a 2-minute period of quiet breathing prior to the procedure, which was then defined 
as the patient’s baseline ventilation. Predicted MV for each patient was calculated based on the 
estimated body surface area (BSA).C  Average MV, TV, and RR were calculated one minute prior 
to each airway maneuver and then again during the maneuver at the peak ventilation. The 
effectiveness of the airway maneuvers performed during these procedures (i.e., chin lifts and jaw 
thrusts) was assessed by comparing the MV, TV, and RR during the minute prior to and after each 
maneuver. All jaw thrust maneuvers were pooled and the average MV, TV and RR was calculated 
pre- and post-maneuver. All chin lift maneuvers were analyzed similarly (Figure 2). Maneuvers 
immediately (within one minute) following another maneuver (i.e., chin lift following a neck 
extension) were excluded from analysis. Suctioning was excluded from analysis due to its rarity in 
this cohort. Baseline MV (MVBASELINE) for each patient was derived from a 30-second period of RVM 
data taken during quiet breathing prior to sedation. RR and MV as predictors of inadequate 
ventilation (RR< 4 to 8 breaths per minute (bpm) and MV<40%MVBASELINE) were also analyzed 
(Figure 3). Staff were blinded to the RVM measurements and had to rely on Et-CO2-generated RR 
to identify the need for and effectiveness of an airway maneuver.
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Figure 2:  Summary of 
the Effectiveness of 
Airway Maneuvers: 
Minute ventilation (MV), 
tidal volume (TV) and 
respiratory rate (RR) 
pre (gray) and post 
(black) jaw thrusts and 
chin lifts 

Figure 5: Low RR (< 6 b/min) as a 
predictor of low MV (MV <  40% 
MVBASELINE). Systematic analysis of 
3711 RR measurements from 25 
patients showed that RR was a poor 
predictor of MV<40% of MVBASELINE 
with a sensitivity of 16.6%, specificity 
of 98.2%, positive predictive value 
(PPV) of 41.8% and negative 
predictive value (NPV) of 93.6%.   
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Introduction Results Results

First-order analysis revealed that, despite MV being a function of RR (MV = RR x TV), there was generally a poor 
correlation between an MV measurement and its corresponding RR measurement (r = 0.02), as shown in Figure 3. 
A substantial fraction of low MV measurements occurred at normal or even high RRs, and would have remained 
undetected by RR monitoring alone, as in the example shown in Figure 4. 

The sensitivity and specificity analysis, summarized in Figure 5, show that an alarm set at an RR of 6 bpm would 
miss more than 83.4% of MV<40%MVBASELINE (16.6% sensitivity) and an increase in the cut-off to 8 bpm would only 
partially reduce the fraction of missed alarms to 70%. For the alarm set at an RR of 6b/min, only 41.8% of all low 
RR alarms would coincide with an MV<40%MVBASELINE .
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