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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 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. 

The prevalence of adult obesity (Body Mass Index [BMI] > 30) in the US had grown significantly 
over the last two decades and encompasses over 1/3 of the national population.  Obese 
patients are considered to have a greater risk of post-surgical respiratory complications. Post-
operative opioid use, one of the leading causes of postoperative respiratory compromise, is 
especially challenging in obese patients because of physiologic and anthropomorphic 
differences.  Currently, no technology provides continuous, non-invasive, real-time, 
measurements of respiratory competence in non-intubated patients. Current respiratory 
monitoring utilizes subjective clinical assessment and oxygen saturation which decreases only 
after significant respiratory compromise, leading to a delay in interventions. This underscores 
the importance of adequate monitoring of ventilation, especially in a population that is 
considered to be at greater risk. A novel non-invasive Respiratory Volume Monitor (RVM) has 
been developed to provide continuous, real-time measurements of minute ventilation (MV), 
tidal volume (TV) and respiratory rate (RR). This study evaluates the utility of the RVM in the 

obese population. 

After written informed, 35 obese (BMI ≥ 35 kg/m2) patients (66 visits, 1740 tests, aged 19 – 79 
years, BMI 35.0 – 60.5 kg/m2) were studied using a bio-impedance based RVM (ExSpiron, 
Respiratory Motion, Inc., Waltham, MA) from thoracic electrodes (Figure 1). Respiratory traces 
were collected simultaneously with spirometry data during normal, deep, and shallow breathing 
and compared to evaluate accuracy and precision of RVM measurements of MV, TV and RR. For 
each patient a single normal breathing trial was used for calibration and performance was 

evaluated on the remaining trials.  

RVM data correlated strongly with spirometric volume data, with median correlation across all 
subjects of r=0.97.  Across all subjects, the average MV and TV measurement accuracy was 
12.6%±4.3% and 12.3%±4.1%, respectively (mean ± SEM) and the RR accuracy was 2.4%±0.3%. 
The measurement bias in all three metrics was less than 1% on average. After individual 
calibration, less than 2% of all trials had measurement error greater than 20% and no trials had 
measurement error above 25% (Table 1). Bland-Altman plots of the subject average 
measurements of MV, TV and RR are shown in Figure 2.  Figure 3 shows the correlation between 

the RVM and spirometry.   

MV TV RR 

Bias -4.2% -3.9% 0.0% 

Precision 12.0% 11.9% 2.4% 

Accuracy 12.6% 12.3% 2.4% 

Table 1: Bias, Precision and Accuracy of RVM measurements across all subjects 

 Continuous non-invasive RVM monitoring can accurately measure and track MV, TV, and RR 
in the obese population,  

 RVM provides quantitative data of respiratory status, otherwise unavailable in non-intubated 
patients  

 RVM data  can be used for post-operative patient monitoring to assist with opioid dosing, 
especially in populations with an increased risk of respiratory complications.  

 RVM has the potential to become a new standard of care, and improve patient safety in this 
at-risk population.  

 Additional data in a post-operative cohort has shown that  OSA is not predictive of POA or 
OIRD 

Figure  3: Representative RVM and spirometer traces and correlation plot from a single subject. 56 year old,  Male, 
170cm, 147kg, BMI 50.9. 

One of the concerns in the obese surgical population is obstructive sleep apnea (OSA) and post-
operative respiratory complications such as post-operative apnea (POA) and opioid-induced 
respiratory depression (OIRD). Recent data from a post-operative cohort of 114 patients (mean 
age: 66, 19-87 years; mean BMI: 30.5, 15.4-49.0 kg/m2) has shown that a pre-operative diagnosis 
of OSA was not predictive of POA or OIRD.  OSA as a predictor of POA had a sensitivity of only 19% 
and a negative predictive value (NPV) of 82%.  OSA as a predictor of OIRD had a sensitivity of 0% 
and an NPV of  69%. 

Figure 2:Measurement error analysis of the data from 35 human subjects. Bland-Altman plots of MV, TV, and RR. Each 
data point is computed as the average for a single subject. The abscissa is computed as the average between the two 
devices, whereas the y-axis is the difference between the Morgan spirometer and the RVM. Measured differences in 
MV (top). The middle black dashed line shows the average difference and the upper and lower dashed lines depict the 
95% CI. Green dashed lines contain the region of space where relative error is less than 20% for MV and TV. The data 
here are computed as the difference between the RR counted by the experimenter and the RVM’s RR recording on 
each trial (bottom). Green dashed lines contain the region of space where relative error is less than 5%.  


