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Background and Objective
Exposure to remifentanil contributes to an increased risk of pulmonary aspiration1, likely through reduced 
pharyngeal contractile vigour and diminished bolus propulsion during swallowing2. Here, we employed a novel 
high resolution pressure-flow analysis to quantify the biomechanical changes across the upper esophageal 
sphincter (UES)3.

Methods
Eleven healthy participants (mean age 23.3  ±3.1 
years, 7 male) received remifentanil via intravenous 
infusion with an effect-site target concentration of     
3 ng/ml. Before and 30 min following commencement 
of remifentanil administration, participants performed 
ten 10 ml saline swallows while pharyngo-
esophageal manometry and impedance data were 
recorded using a 4.2 mm diameter catheter (Sierra 
Scientific Instruments, Inc., Los Angeles, CA) 
housing 36 circumferential pressure sensors and 18 
2 cm impedance segments. Swallows were analysed 
using a purpose-designed software (based in 
MATLAB version 8.5.0., MathWorks Inc)3.

Outcome measures
Swallow variables based on HRIM analysis included:
1) measures of flow/event timing, 
2) measures of distension pressure,
3) measures of luminal cross-sectional area
4) measures of contractility.

Figure 1. Example of semi-automated software routine used for data analysis.

Exposure to remifentanil significantly:
- shortened the period of UES opening 

(p<0.001) (Fig. 2G)
- increased residual UES pressures (p=0.003) 
- shortened the time between maximum bolus 

distension to peak contraction (p=0.004) at the 
hypopharynx (Fig. 2F)

- increased intrabolus distension pressures 
(p=0.024) 

Mechanical States Analysis revealed that the 
different phases of the stereotypical UES 
relaxation sequence were shortened by 
remifentanil (Fig. 2H). 

Results

Figure 2. Effects of remifentanil on swallowing biomechanics based on example 10 ml 
swallows recorded in a subject before (A–D) and after (E–H) remifentanil exposure. 

Conclusions
Reduced duration of bolus flow during shortened UES opening in concert with increased hypopharyngeal 
distension pressures are mechanically consistent with increased flow resistance due to a more rapid bolus flow 
rate. We propose that together, these findings suggest that remifentanil exposure induces a specific sensory 
deficit and that the resulting biomechanical changes are congruent with modification of the neuroregulatory 
mechanisms governing the accommodation to bolus volume; specifically, during exposure to remifentanil, a 
motor response appropriate for a smaller bolus is generated even in the presence of a much larger bolus.
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