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BACKGROUND & METHODS

BACKGROUND:

Analytical models of airway resistance are frequently employed in modeling breathing
mechanics and ventilation distribution. The present work was conducted to evaluate
the accuracy of three previously published airway resistance models!- in predicting
total pressure drop through central conducting airway replicas.

METHODS:
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TABLE 2. Summary of child and adult subject information and

airway diameters of child and adult replicas.
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SUMMARY

Validation of Airway Resistance Models for Predicting Pressure Loss through Anatomically Realistic Conducting
Airway Replicas of Adults and Children

Azadeh A.T. Borojenit, Michelle L. Noga?, Warren H. Finlay!, and Andrew R. Martin?t

For the adult replicas, the modified Pedley model proposed by van
Ertbruggen et al.® most accurately predicted central conducting

alrway resistance for inspiratory flow rates ranging from

15 to 90

L/min. For child replicas, the Pedley? and Katz! models both

provided good estimation of measured pressure loss at f
representative of resting tidal breathing, but under
measured values at high inspiratory flow rate (60 L/min).
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Experimental measurement was made of the total pressure drop at varying steady i U These results are intended to provide guidance for selection of
oA : ot : : - . analytical pressure loss models for use in predicting airwa
iInspiratory flow rate through anatomically realistic conducting airway replicas of ten FIGURE 1. Experimental apparatus used to 2 M 117 23 7.05(0.09)  603(07)  6.00(14)  435(1.91) .y P . Lation distribution in adul pd . J y
: : : : n.
children, 4 to 8 years old, and five adults (Table 2). Conducting airways were measure pressure drop in the airway replicas. 3c M 112 20 7.99(0.51)  539(0.51)  493(0.49)  2.33(0.66) resistance and ventilation distripution 1n adults ana cnildre
. . p- . . . . . .. 9c M 113 20 7.56(0.01) 6.44(0.87) 5.26(0.01) 3.38(1.05)
identified in CT images using Mimics software (MIMICS 3D; Materialise, USA) and . : o s o o e e
replicas were bulilt in acrylonitrile butadiene styrene (ABS) plastic using a 3D printer . 6c ; 118 22 8.5(0.3) 675(1.32)  594(132)  29(147)
(Invision® SR; 3D systems, USA) TABLE 1. Analytical resistance models. 12¢ F 124 24 7.41(0.46)  6.45(2.72)  3.28(0.26)  3.23(0.90) REFERENCES
’ ’ ' 13c F 121 20 9.78(1.32)  7.64(0.09)  6.48(1.23)  3.58(0.01)

Experimental results were compared with analytical predictions made using published Hydraulic Resistance, R N - M 125 23 10.49(095)  7.43(2.26)  6.23(142)  3.02(0.35)

) ) ] ] ] 7a M 178 113 14.57(2.04) 12.34(1.08) 6.79(1.62) 3.6(0.15) . ” P A T b h K F C H
alrway resistance models (Table 1). For analytical calculations, diameters and .. : - 0 T ) P 1. Katz, I.M., Martin, A.R., Muller, P.-A., Terzibachi, K., Feng, C.-H.,

| | | s 1 . -
lengths for all airway segments in each replica were measured from segmented CT RKatzzm[fB+K] 3a : 159 68 14.94(2.67)  14(2.15) 0.45(1.65)  7.46(0.80) galll.ll;ot.te, ?h I.Sandeau, J.,. Texerea(lju,h J., | 20f1.1. T'h|e| ventl.latlﬁn
: : : - - ISstribution o1 hellum-oxygen mixtures and the role of inertial losses In the
in frwar k MAGI - M riali A) 4a M 168 91 14.47(2.09) 13.63(2.5) 7.8(1.04) 4.69(1.04) . |

Images using a post processing software package (MAGICS; Materialise, USA) 0s E - M 173 76 16.13(219)  1427(2.3)  689(2.27)  4.47(187) presence of heterogeneous airway obstructions. Journal of

128 -1.85 /L o5 . .
( ) Re™ Y Biomechanics. 44, 1137-1143.

For a given flow rate the total pressure drop through a replica was calculated by Roediey =~ D

treating the conducting airways as a network of hydraulic resistances, R:

Subject numbers ending with “c” indicate child subjects, while those ending with “a”

c 0.5 'nd'cate_adUItSUbjeCtS_' _ _ _ 2. Pedley, T.J., Schroter, R.C., Sudlow, M.F., 1970. Energy losses and
R . _ o2 £ 14 Generation 0 (Gen.0) is the trachea, Gen.1 are the main bronchi, Gen.2 are the bronchi, : : o
modified Pedley = 254\ )|  po05 _ pressure drop In models of human airways. Journal of Respiration
AP and Gen.3 are the segmental bronchi. _
R = — Physiology. 9, 371-386.
pQ *Expressions for the friction factor f and bifurcation

van Ertbruggen, C., Hirsch, C., Paiva, M., 2005. Anatomically based
three-dimensional model of airways to simulate flow and particle transport
using computational fluid dynamics. Journal of Applied Physiology. 98,
970-980.

minor loss coefficients K are found in Katz et al.t 3.
*Values of y Iin conducting airway generations are
provided in van Ertbruggen et al.3

where Q is the flow rate through an airway segment, p is the gas (air) density, and AP
IS the pressure drop across the segment.
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