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REFERENCE PATTERN
At the start of insufflation the air flow rises rapidly until reaching a peak, accompanied by an increase in pressure until the predetermined value is reached, and a slower increase in volume. Once the peak flow in insufflation is reached, flow decreases progressively to reach zero at the end of insufflation. Pressure remains constant throughout insufflation and the volume reaches a maximum before returning to zero at the end of this phase. Once the insufflation time has elapsed to where flow is zero, exsufflation quickly begins, during which pressure lowers rapidly to the predetermined value and stays constant throughout exsufflation. The airflow produced during exsufflation quickly reaches maximum value (mechanically assisted peak cough flow –PCFMIE-) after which it progressively decreases to zero at the end of exsufflation. During exsufflation air volume is generated until reaching a maximum value. Once exsufflation has ended, prior to the start of the pause period, the flow curve is modified by elastic recoil when the lung returns to functional residual capacity.1
SELECTION OF OPTIMAL PARAMETERS
After graphics were recorded with different set pressures, curves were evaluated for possible alterations, using the previously described references for comparison.2,3,4 (E-Figure 1) Based on this analysis we selected optimal set pressures for both insufflation and exsufflation, and the duration of insufflation and exsufflation times were modified to be capable of generating effective PCFMIE and a graph without alterations. Using these selected parameters, the graphs and measurement of the described variables were recorded in a new session. In the whole of ssessions MIE were applied in order to prevent airleaks around the mask. Analysis of waveforms and adjustments were made by three of the authors (JS, SF and EB). The optimal parameters were selected with the criteria set out below, and recorded as pathological when the alterations were present in at least three cycles of the session:
-Insufflation pressure was adjusted by examining the tested insufflation pressure in the recorded curves and selecting the one that generated (fundamentally in the flow-time curve) an insufflation branch similar to that described in previous studies (flow rapidly increasing to a peak then later decreasing progressively until reaching zero) and was able to reach the highest PCFMI-E. A medium/high insufflation flow was also selected to avoid an obstructive pattern (E Figure 2).
-Exsufflation pressure was adjusted by examining the exsufflation pressures tested in the recorded curves and selecting the one that produced (mainly in the flow-time curve) an exsufflation branch similar to that described in previous studies (flow rapidly increasing to a peak, and later decreasing progressively until reaching zero, followed by a depression generated by thoracic pulmonary compliance) and was able to reach the highest PCFMI-E (E Figure 2).
-If the flow at the end of insufflation reached zero and time elapsed before moving to exsufflation, this was considered a long insufflation time and it was shortened (E Figure 3).
-If the flow at the end of insufflation did not reach zero before moving to exsufflation, this was considered a short insufflation time and it was increased (E Figure 3).
-If the exsufflation flow did not reach zero, and the notch generated by thoracic pulmonary compliance appeared after a long pause, this was considered a long exsufflation time and it was shortened (E Figure 3).
-If the exsufflation flow reached zero and time elapsed before the pause began and the notch generated by thoracic pulmonary compliance appeared, this was considered a short exsufflation time and it was increased (E Figure 3).
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E Figure 1: Diagram representing the optimal flow-time graph generated by MI-E. (Ex: Exsufflation, ER: Elastic recoil, In: Insufflation, P: Pause, PCFMIE: Mechanically peak cough flow)
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E Figure 2: Diagram representing obstruction in flow-time graph generated by MI-E. A) Upper airway obstruction during insufflation, B) Upper airway collapse during exsufflation
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E Figure 3: Diagram representing alterations in exsufflation and insufflation times in flow-time graph generated by MI-E. A) Long Insufflation, B) Short Insufflation, C) Long Exsufflation, D) Short Exsufflation
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E Figure 4: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing long insufflation (Insufflation Pressure +20 cmH2O, Exsufflation Pressure -20 cmH2O, Insufflation Time 2 s, Exsufflation Time 3 s, Insufflation Flow High, Pause 1 s)
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E Figure 5: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing short insufflation (Insufflation Pressure +30 cmH2O, Exsufflation Pressure -40 cmH2O, Insufflation Time 1 s, Exsufflation Time 2 s, Insufflation Flow High, Pause 1 s)
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E Figure 6: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing long exsufflation (Insufflation Pressure +20 cmH2O, Exsufflation Pressure -20 cmH2O, Insufflation Time 2 s, Exsufflation Time 3 s, Insufflation Flow High, Pause 1 s)
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E Figure 7: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing short exsufflation (Insufflation Pressure +30 cmH2O, Exsufflation Pressure -40 cmH2O, Insufflation Time 1 s, Exsufflation Time 2 s, Insufflation Flow High, Pause 1 s)
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E Figure 8: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing cough efforts superimposed during exsufflation.
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E Figure 9: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing Oscillations during exsufflation (Insufflation Pressure +30 cmH2O, Exsufflation Pressure -30 cmH2O, Insufflation Time 2 s, Exsufflation Time 3 s, Insufflation Flow High, Pause 1 s)
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E Figure 10: Flow-time graph generated by MI-E showing upper airway obstruction during Insufflation (A) solved after changing the set parameters (B). A: Insufflation pressure +40 cmH2O, exsufflation pressure -40 cmH2O, maximal insufflation flow, insufflation time 2s, exsufflation time 3s. B: Insufflation pressure +30 cmH2O, exsufflation pressure -40 cmH2O, maximal insufflation flow, insufflation time 2s, exsufflation time 3s. 
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E Figure 11: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing upper airway collapse during exsufflation (A) resolved after changing the set parameters (B). A: Insufflation pressure +50 cmH2O, exsufflation pressure -50 cmH2O, maximal insufflation flow, insufflation time 2s, exsufflation time 3s. B: Insufflation pressure +40 cmH2O, exsufflation pressure -40 cmH2O, maximal insufflation flow, insufflation time 2s, exsufflation time 3s. 
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E Figure 12: Flow-time (top) and pressure-time (bottom) graphs generated by MI-E showing upper airway obstruction during insufflation and collapse during exsufflation (A) resolved after changing the set parameters (B). A: Insufflation pressure +50 cmH2O, exsufflation pressure -50 cmH2O, maximal insufflation flow, insufflation time 2s, exsufflation time 3s. B: Insufflation pressure +25 cmH2O, exsufflation pressure -40 cmH2O, maximal insufflation flow, insufflation time 1s, exsufflation time 3s. 





[image: ]
E Figure 13
Receiver Operating Curves. NBS as predictor of no alterations in the generated graphs by MI-E (AUC 0.790, 95%CI 0.68–0.89, p=0.001)
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E Figure 14
[bookmark: _GoBack]Bloxpot of CPFMIE, VIn and Vex measured with different set pressures. Dots represent outliers (1.5 times the interquartile range above the upper quartile and below the lower quartile). Top panel represents episodes of obstruction during insufflation and bottom panel during exsufflation. Green color reflect obstructive episodes
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