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Introduction 
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The administration of anesthetics before general surgery may cause reduction in respiratory effort, however objective and non-
invasive continuous monitoring of this respiratory depression is not available with existing technology, putting patients at risk. 
Benzodiazepines are commonly used for induction in anesthesia for either general anesthesia or monitored anesthesia care (MAC). 
They are fast acting agents, which can act as central nervous system depressants t and, without adequate monitoring, may cause 
respiratory decompensation. Previously, no technology provided continuous, non-invasive, real-time, accurate measurements of the 
effect of these medications on ventilation. Capnography, while useful in intubated patients, has limited use in non-intubated 
patients.  Oxygen saturation does not provide a real-time measurement of respiratory status, especially in patients receiving 
supplemental oxygen.  In previous studies, a novel non- invasive Respiratory Volume Monitor (RVM) has demonstrated accurate, 
continuous, non-invasive measurement of minute ventilation (MV), tidal volume (TV) and respiratory rate (RR). The capability of the 
RVM to provide objective respiratory data to track the response to specific anesthetics in spontaneously breathing patients is 
evaluated in this study.   
. 

Methods 

Results 

Discussion 

Conclusions 
 RVM can provide accurate, continuous, non-invasive, real-time measurements of MV, TV and 

RR, not available with other methodologies. 
 RVM can demonstrate, in real time, the effects of anesthetics on respiratory competence 

providing clinical utility in the peri-anesthesia setting. 
 RVM can differentiate individual responses to standard dosing. 
 RVM data can provide trends in MV to assist with dosing adjustments and other 

interventions. 
 RVM can identify and quantify the effects of benzodiazepines during induction of 

anesthesia and improve patient safety. 
 

Figure 5: Analysis of respiratory depression following 
administration of 2mg of midazolam. Percent reduction in minute 
ventilation (MV), tidal volume (TV), and respiratory rate (RR) for 
all patients (yellow), younger patients (green), and older patients 
(red).   

Results 

Results 

Figure 3: Shows a time-lapse from one subject’s respiratory depression during the 20 minutes around the 
administration of midazolam. MV and TV decrease about 8 minutes after the dose and remain low as compared to 
pre-dose values. 

Figure 4: Shows summary examples of respiratory depression in two different subjects with comparison of 
traces 10 minutes before and after benzodiazepine administration. 

Figure 2: 30-second snapshots (of a single patient) demonstrating a decrease in MV and TV after midazolam dosing. 10 
minutes post midazolam MV and TV are decreased from pre-dose values by 52.6 and 59.0%, respectively (MV: 13.5 to 6.4 
L/min; TV 780 to 320ml). Fifteen minutes after midazolam dosing MV and TV are still decreased from pre-dose values at 
57.0 and 52.3%, respectively (MV: 13.5 to 5.8L/min; TV: 780 to 375ml). There is no significant change in RR . 
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Under an IRB approved protocol, 50 spontaneously 
breathing adult patients (mean: 46 ± 2.4 range: 18-80years; 
BMI: 29 ± 0.82, range 19-46 kg/m2) undergoing elective 
surgery with monitored anesthesia care (MAC) and general 
anesthesia (GA) were studied using an impedance-based 
RVM system (ExSpiron, Respiratory Motion, Inc., Waltham, 
MA). Continuous digital respiratory traces were collected 
from 6 electrodes placed on the thorax (Figure 1).  RVM data 
collection began in the pre-operative setting and continued 
for the duration of the procedure.  Medications and 
administration times were recorded. Thirty of the fifty 
patients (48 ± 3.1 years, range 20-80years; BMI: 30 ± 1.1, 
range 19-46 kg/m2) received 2.0 mg of midazolam at least 20 
minutes prior to induction of anesthesia.  RVM 
measurements of MV, TV and RR values were calculated 
from 30-second segments in the 15 minutes before and after 
the first administration of 2.0 mg midazolam.  Pre-
medication baseline was established from respiratory data 
within the 10 minutes prior to the first administration of 2.0 
mg midazolam and the effect of the medication was 
assessed in the 10-15 minutes following administration.  

28/30 patients (93.3%) had a decrease in MV and TV, from baseline, following the administration of midazolam, Two of the 30 
subjects (6.7%) had idiosyncratic responses to midazolam where the MV increased more than 50% from baseline and were analyzed 
separately.  The average decrease in MV and TV was 7.6 to 5.8 ± 0.5L.min, 26% ±5% and 470 to 340 ± 30ml,  32% ±5%, respectively 
(mean ±sem, p<0.001 for both) while RR remained essentially unchanged (16.7 to 17.5 ± 0.72 resp/min, 4.9% ± 4%, p=0.19).  Figure 2 
shows 30-second snapshots of respiratory volume traces before and after midazolam in one subject.  You can clearly see a 50% 
reduction in TV (780 to 320 ml) 10 minutes after midazolam. Plotted in Figure 3 is a 20 minute time-lapse of the same patient’s 
respiratory function. There is a clear reduction in MV and TV beginning at about 8 minutes after the dose of Midazolam, while RR 
remains essentially unchanged.  Figure 4 shows example traces for two patients demonstrating respiration depression after the 
administration of 0.2mg of midazolam.  Interestingly, the older patients seemed to have a larger response to midazolam as 
compared to the younger cohort (Figure 5).  In those 65 years and older (n=6, 71 +- 2.4 years) there was a significantly greater 
decrease in MV as compared to those younger than 65 years (n=22, 42+- 3.0 years) (*p<0.05).  As a group, age was negatively 
correlated with relative change in MV and TV following midazolam (R = -0.41, p<0.05 and R = -0.31, p=0.10 respectively), but not with 
RR (R = -0.14, p=0.5) (Figure 6).  The two subjects with the idiosyncratic response to midazolam are plotted in red. 

Results demonstrate that the RVM can provide objective measurements of MV, TV and RR that have clinical utility in patients 
during the administration of anesthetic medications. Objective, non-invasive, continuous monitoring of MV, TV and RR using 
RVM provides accurate, real-time information not demonstrated by other methodologies including pulse oximetry and RR 
measurements alone. The data also illustrates the RVM’s ability to detect potentially life-threatening suppression of respiratory 
drive in elderly patients secondary to benzodiazepine administration. Continuous RVM monitoring could improve ventilatory 
assessment and allow providers to better adjust dosages of delivered anesthetics and improve patient safety.   Additional 
studies are ongoing to further quantify hypoventilation following administration of benzodiazepines and other anesthetic 
medications. 

Figure 6: As a group, age was negatively correlated with relative 
change in MV and TV following midazolam (R = -0.41, p<0.05 and R 
= -0.31, p=0.10 respectively), but not with RR (R = -0.14, p=0.5) 
(Figure 6).  The two subjects with the idiosyncratic response to 
midazolam are plotted in red. 

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. The PadSet electrode pads are 
placed on the sternal notch and xiphoid. The third pad is placed along the right mid-
axillary line at the level of the xiphoid. 


