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High flow nasal cannula therapy (HFNC) is an increasingly used therapy in — 06 »Modifying pressure energy balance described in Moore et al.3 a predictive relationship for PEEP
the treatment of respiratory failure. HFNC delivers heated and humidified = o5 (R2=0.759) was developed as:
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airway pressure therapy, HFNC provides a positive airway pressure.? = 02 PEEP = 0.018p, Ui annuia + 0.726pgu,%ares + 23.837Pa [1]
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Additionally, HFNC has the ability to clear the airway deadspace of exhaled w0
gas, replacing the CO, rich gas with O, rich gas.! Furthermore, novel E: 0 . A . o Where p, is the HFNC gas density and u is the mean gas velocity exiting the cannula and nares.
applications of HFNC are being developed, utilizing gases other than air.2 Time (s)
PP 8 P 58 »This model is further improved (R?=0.803) by modifying the power of the nares velocity:
Figure 1: Schematic of experiment, performing HFNC therapy on adult upper Figure 2: Lung volume waveform, coupled with sample
- - : - - airway replica, while breathing and supplying CO.,,. capnograph. Aligned to start at exhalation.
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flowrate, and cannula selection.3# This research aims to use in-vitro .
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Five adult airway replicas were fabricated based on MRI scans of health > 4-factor ANOVA shows airway geometry, gas, i v g | e eenen: B * Oyeen vaporherm
volunteers exte»rl1dir? from the nares to trachea, with a closed mouth 5y cannula and flowrate are significant indicatorsof 3 ; ¢ X He/O2 Vapotherm M 0 10 20 30 40 >0 o0 70 O Oxygen-Vapotherm 5
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These replicas were connected to a lung simulator (ASL5000, IngMar Med. , , I it 0.01)in all @ 0 Oxygen-Generic
Inc.) at the trachea, via 22mm tubing. A constant flow of CO, was supplied Interactions vyere d S? signiticant (p<. .01)ina v 15 Figure 6: PEEP for the average of all airway geometries, controlling for gas and cannula selection.
simulating production during breathing. HFNC was delivereol2 by placin cases except interaction of the 4 variables. < X Oxygen-vapotherm I
5P 5 O 5 SO By pacne Overall predictive power is R2=0.993 14 O Oxygen-Vapotherm S
one of three nasal cannula fully into the nares, and supplying 0-60 L/min of I 0 20 40 60 30
gas. The experimental setup is shown in Figure 1.
» Repeated single factor ANOVA revealed Gas Flowrate (SLPM) C I .
Vapotherm®) and one generic (Adult Nasal Cannula 1104, Teleflex Med. (p<0.05). Flowrate was much more predictive controfling for gas and cannula selection.
Inc.) cannula were selected. Gases considered for testing were air, 99.9% (R?=0.740 vs R#=0.01). Average Vapotherm-M at 60 SLPM Flow Mean CO2 Over Breath
0, and He/O, 80/20. Gas content was sampled at the trachea using a laser = : »Increasing flowrate had the strongest effect on deadspace CO,. The rate of decrease in CO,
diode gas analyzer (GA-200, iWorx Systems Inc.). Pressure parameters »2-factor ANOVA shows approximately equal :’:T 15 decreases with increasing flowrate.
were recorded automatically by the lung simulator proprietary software. influence of gas and airway geometry combined O
with flowrate (R2=0.824 and R?=0.819 o 1 . .
. . . . . . o »Cannula size and gas selection had a weaker effect on deadspace CO,.
Breathing was simulated for one minute in order to achieve steady state respectively). C 0.5
gas properties breath to breath. Nine breaths were recorded over 30 Z
seconds. Breathing flowrates were set at the lung simulator. A sample > Gas influence on clearance is inconsistent 0 » A predictive relationship for PEEP was made, based on flow energy balance.
capnograph and the selected breathing pattern are shown in Figure 2. subject to subject, as shown in Figure 4. This 2 > 6 8 9
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ditional breath del Tby e tdal vol reflects strong interaction demonstrated in the : Y L »PEEP increased with gas density, where O, had the greatest pressure and He/O, the lowest. Y
Additional breathing models were tested by mcreésmg t .e tidalvo ume. multi-factor ANOVA. Figure 4: Effects of gas selection and subject geometry on average
from V=500 mL to V=750 mL, and separately, by increasing the breathing CO,/breath. Sample case is for 60 L/min flowrate using the Vapotherm®
frequency from f=18 min to f=27 min*. Breathing pattern tests were Breathing Model Adult Normal cannula
limited to Vapotherm® Adult cannula, and air as a gas. Refe re n CeS
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