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 11 mechanically ventilated infants were 
studied before and after extubation 

 Gestational Age:  24 - 40 weeks, 
 Birth Weight: 470-3390 g  
 Data were collected for a mean of     

68.95 hours (range 1.3 - 269.05 hours) 
 RVM data were compared with both 

ventilator driven & spontaneous breaths.  
 

 RVM demonstrated the capability to provide accurate, objective, non-invasive  measurements 
of respiratory parameters (MV, TV, RR)  in premature infants  

 Mechanical ventilation,  
 Spontaneous respiration.  

 RVM has potential to guide clinical decision making during weaning from mechanical 
ventilation and provide data to help determine the need for reintubation.  

 The RVM has the capability to quantitate the effects of interventions and potentially drive 
decisions regarding medications and airway management. 

 Follow-up studies to evaluate the effect of interventions such as administration of stimulants or 
opioids, as well as monitoring respiratory trends post-extubation, are on-going. 
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Results 

Figure 1: 800 g premature infant 
with two sternal and two right 
sided RVM  electrodes. 

Figure 2: Respiratory traces from RVM and 

flowmeter. Digital traces from the flowmeter 
were available in 3 of the 11 patients studied.  
(A) Example traces from all 3 infant patients 

while intubated, demonstrate RVM’s accuracy 
in monitoring respiratory flow curves. RVM and 
flowmeter traces are highly correlated during 
both ventilator-driven & spontaneous breathing, 
suggesting that with spontaneous breathing 
after extubation the RVM would continue to 
accurately track respiratory performance 
(B) Direct point-by-point comparison of RVM 

and flowmeter traces. RVM measurements 
were plotted against volume for all 3 infants 
during both spontaneous and ventilator 
breathing. Note the highly linear correlation 
across patients and breathing conditions. 

Monitoring of ventilation in premature infants is challenging, especially as current strategies seek to 
minimize duration of intubation. A monitor that could provide continuous, non-invasive, accurate 
measurements of minute ventilation (MV), tidal volume (TV) & respiratory rate (RR) during positive 
pressure ventilation, non-invasive positive pressure ventilation (NIPPV) & spontaneous ventilation 
after extubation in neonates, would be a valuable asset. Monitoring of respiratory volumes in 
intubated and non-intubated neonates can help track the effectiveness of therapeutic interventions 
and optimize care.  A novel non-invasive, continuous Respiratory Volume Monitor (RVM) that 
calculates MV, TV & RR from thoracic bioimpedance measurements was adapted for use on 
neonates. The objectives of the study are to develop and test a calibration algorithm for an RVM 
system (modified ExSpiron, Respiratory Motion, Inc., Waltham MA) based on TV & RR 
simultaneously measured by a flowmeter (NeoFlow, Drager Medical, Inc. Telford, PA) to assess 
RVM TV in positive pressure ventilator breaths at different pressures & in negative pressure 
spontaneous breaths. To evaluate the RVM in neonates after extubation and following the 
administration of opioids and stimulants to measure trends in MV, TV, and RR. 

RVM respiratory flow curves were compared to flowmeter respiratory curves, yielding correlations 
between 0.89-0.95 (Figure 2). Preliminary analyses of the subgroup, showed decrease in TV & MV 
(-45±21%,-61±10%) after morphine in 1 baby & an increase in TV & MV (+85±46%, +107±42%) 
after caffeine in 2 babies Figure 3A, middle and bottom). There was a decrease in TV & MV (-
30±6%,-35±4%) after extubation (Figure 3A, top) followed by an increase to substantially above 
pre-extubation baseline (+95%±27%, +111%±29%) within an hour in 3 babies who remained 
extubated (Figure 3B, left) and a continuing decrease in TV & MV (-65%, -87%) in the1 baby who 
was reintubated (Figure 3B, middle). One baby given caffeine just prior to extubation showed an 
increase in TV & MV (+37%,+30%) after extubation and further increase (+53%,+56%) an hour later 
(Figure 3B, right). 

(B) Trends in respiratory parameters following extubation:.  In the three infants successfully 
extubated, without caffeine administration prior to extubation, TV decreased initially and then recovered 
and exceeded pre-extubation levels.  In contrast, in the infant who required re-intubation, the initial 
decrease in TV was followed by a further decrease within the hour post-extubation (preceding re-
intubation).  The infant who received caffeine prior to extubation showed no decrease following 
extubation, but rather an immediate TV increase followed by an additional increase one hour later . 

 A sub-group of 5 were studied further 
 MV, TV & RR were calculated from 30 

second data segments preceding 
(mean:17min, range 2-68 min,) & 
following (mean:16min, range 2-21 min) 
extubation or medication. 

 2 babies received 3 caffeine doses   
 1 baby received 3 morphine doses.  
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Figure 3: (A) Example RVM 

traces demonstrating three 

significant therapeutic 

interventions:  

•Following extubation (top row) 
the breathing pattern is initially 
disrupted and TV and MV 
decrease, but in the babies 
who remained extubated, 
volumes quickly recovered 
and meet or exceeded pre-
extubation values.   
•Morphine (middle row) leads 
to a substantial decrease in 
spontaneous breathing and 
breathing became primarily 
ventilator-driven (large 
breaths are ventilator breaths, 
and small breaths are 
spontaneous breaths).   
•Caffeine (bottom row) 
stimulated breathing and led 
to a notable increase in TV, & 
MV & a small increase in RR. 


