
Closer monitoring of respiratory parameters that quantify the adequacy of breathing can help identify patients at 
risk for adverse outcomes in a variety of clinical settings. More specifically, advanced respiratory monitoring in 
patients with traumatic thoracic injuries, such as, rib fractures and pulmonary contusions could improve 
outcomes. A non-invasive respiratory volume monitor (RVM) was used to continuously monitor patients with 
traumatic thoracic injuries during their stay in the ICU. 
  
The value of RVM measurements in monitoring the respiratory status in non-intubated patients has recently 
been established. However, previous RVM techniques have measured overall tidal volume and minute 
ventilation in both lungs. These RVM techniques have assumed symmetric pulmonary physiology when 
calculating the overall tidal volume and minute volume measurements. This assumption does not apply to 
patients suffering from thoracic trauma and other critical care patients with likely asymmetry of pulmonary 
function. These patients would benefit from a different measurement technique, which would provide 
independent RVM measurements of the right and left lungs. Such technique could improve patient care, assist 
in the diagnosis of evolving pulmonary pathology and provide an objective measure of therapeutic efficacy. 
 

Seven intensive care unit (ICU) patients (4 male, 3 female, average age 61.3 years, average BMI 29.2 kg/m2) with 3 or 
more rib fractures following blunt trauma were enrolled within 48 hours of admission. Of the seven, three (2 male, 1 
female, average age 55 years average BMI 30.0 kg/m2) had continuous RVM measurements (ExSpiron, Respiratory 
Motion, Inc., Waltham, MA) and corresponding clinical data to permit analysis. All three had left thoracic injuries. Tidal 
impedance measurements were collected from the injured left side and the non-injured right side and converted into 
bilateral RVM measurements (TML & TMR) using advanced algorithms. Continuous respiratory data were collected over 
10-12 hours, using 3 electrode pad-sets. One pad-set was placed along the sternum, at the sternal notch and the other 
two were placed on the right and left sides at the mid-axillary line, approximately at the level of the xiphoid (Figure 1). 

Patient 1, a 48-year-old male with fractures of the left 3-6ths ribs developed a pneumothorax that required chest tube 
placement and evacuation. Following the pneumothorax evacuation, the RVM showed a significant increase in TML on the 
side of the injury (p<0.05, Figure 2a, blue) coupled with a compensatory decrease in TMR of the uninjured right lung and a 
significant decrease in RR (p<0.01, Figure 2b). This patient was stable and did not need to be intubated. 
 
Patient 2, a 67-year-old female with multiple left rib fractures who was struck by a motor vehicle, showed a significant 
decrease in TML on the injured side (p<0.01, Figure 2c, blue), that corresponded with chest x-ray findings and clinical 
deterioration. She also displayed a significant TMR decrease on the uninjured side (p<0.01, Figure 2c, red) and was 
intubated shortly after data collection ended. 

Results demonstrate that RVM can generate unilateral respiratory tidal measurements and respiratory rate in 
patients with traumatic thoracic injuries.  Continuous bilateral RVM monitoring in these patients provides non-
invasive, quantitative evaluation of unilateral lung function in real time that may aid with the assessment of the 
effectiveness of interventions and management of respiratory compromise.  This reinforces the clinical utility of 
RVM in the critical care setting.  Follow-up studies are planned to further evaluate this technology. 
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Respiratory decompensation is common after traumatic thoracic injuries such as multiple rib fractures and 
pulmonary contusions. A continuous, non-invasive, impedance-based Respiratory Volume Monitor (RVM) 
generates right (L) and left (R) tidal measurements (TML, TMR), reflecting air exchange in the lungs and derives 
an instantaneous respiratory rate (RR). Here the feasibility of using unilateral RVM-based tidal impedance 
measurements to monitor respiratory status in trauma patients is evaluated.  

Figure 2: a, c, & e: Continuous RVM unilateral tidal measurements (TML and TMR, arbitrary units) from Left, injured (blue) and Right, uninjured (red) 
lungs  over 10-12 hours.  Respiratory Rate (RR) over the same time period (b, d, f). Patient 1 shows increase in TML of the injured left lung and 
compensatory decrease in TMR of uninjured right lung and decrease in RR associated with resolution of pneumothorax. Patient 2 shows significant decrease 
in  of both the injured left lung (TML) and the uninjured right lung (TMR) associated with worsening chest X-ray. Patient 3 shows initial increase in (TML) in the 
injured lung followed by significant decrease in TI of both injured and uninjured lungs associated with generalized respiratory failure prior to intubation. 

Figure 3. One minute excerpts of  RVM unilateral tidal measurements. Average unilateral RVM TML of 0.85 and 
TMR of 0.9 from hour 6 decreased to 0.4 and 0.6 at hour 12 (a 53% and 33% relative decrease, respectively) in 
association with clinical deterioration.  Note the occasional larger “sigh” breaths seen prior to reintubation. 
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Figure 1. Standard bilateral lead placement 

Patient 3, a 50-year-old male with left posterior 8th, 10th and 11th rib fractures, who sustained injuries from a fall, 
also showed a significant decrease in TML on the injured side (p<0.01, Figure 2e, blue), that corresponded with 
the chest x-ray findings and clinical deterioration. Figure 3 shows representative 1-minute TM plots of 
continuous RVM data from Patient 3. Figure 3a&c show measurements shortly after the injury, with regular 
breaths and Figure 3b&d show measurements 6 hours later, reflecting the overall decrease in TM (with an 
occasional deep breath) associated with deterioration of air exchange prior to intubation. 
 
  
Note that no significant changes in RR were present in patients 2 and 3 (p>0.05, Figure 2d&f) 
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