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[Abstract] Objective: To observe the influence of tidal volume(VT) variation on the inspiratory flow index during
pressure controlled ventilation (PCV) in different lung models. Methods: The Hamilton C3 ventilator was connected to an
ASL5000 lung simulator, which simulated lung mechanics in patients with healthy adult, patients with mild and severe
chronic obstructive pulmonary disease (COPD) and acute respiratory distress syndrome (ARDS), and 4 respiratory mechani-
cs models were constructed. mild and severe chronic obstructive pulmonary disease (COPD)The [system compliance (C,,)
was 30.0 and 60.0 mL/cmH,0, the airway resistance (R,,) was 5.0, 10.0 and 20.0 cmH,0/(Les)]. The Hamilton C3 ventilator
was operated in PCV mode were actived with output V, at 5.0, 7.0 and 10.0 ml/kg, positive end-expiratory pressure (PEEP)
was set at 5.0 emH,0, breathing rate at 10 bpm, and inspiratory time was set at 3.0 sec. The performance characteristics
were collected, and the inspiratory flow index and expiratory time constant(RCexp) were estimated by specical equationscal-
culated. Results: The flow index was not aboveless than 1.0 in all four lung mechanics profiles models during passive venti-
lation with PCV mode. Peak inspiratory flow (PIF), peak expiratory flow (PEF) and inspiratory driving pressure (DP) were in-
creased gradually with the increment of tidal volume, whereas the flow index was decreased. There were the similar value in

the estimation of The flow index in health adult and of the ARDS lung models was similar to that of healthy adults, but RC

exp
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was significantly reduced in severe restrictive model. Flow index and end-inspiratory flow (EIF) were significantly higher in

severe COPD model than in the other lung models, which with flow index was close toreaching 0.80 when V, was at 5.0 mL/

kg. Conclusions: Flow index has the characteristics ofis an non-invasive derivative parameter and continuous can be moni-

toringed continuously, and is affected by the alteration of tidal volume and respiratory mechanical properties. During pres-

sure controlled ventilation, the estimation continuous monitoring of flow index is useful to evaluate the severity of airflow

limitation and the association between the patient’s inspiratory effort and ventilator outputted assistance level.

Key words: Pressure controlled ventilation; Flow index; Simulation; Chronic obstructive pulmonary disease; Acute re-

spiratory distress syndrone

IR LT Bt (pressure controlled ventilation,
PCV)&— & LIMSUE J1 g HAR R FH IR ] U7 45 A1
ol Ay e AR, g A A ) T O R A
Wi e MO TR AN A, PCV (1) 2R S5
U AN S T I3 3 A Ll B 1) o
BRI, IE TR g L s 1 2 PSR, B S T
AU AR A DL RS E U TR ) H R R
SN TS . PCV I IR i Y TR 28 Bk 1 P
RGN SR S B RS T B, AN TR IR
FRGUP BT AP A R AN TR W )
(B KT B -t 2 AN R, i O T a #f
HH PR — TR R g 24 A5 A 2280, 2 X T ) SRl <
(pressure support ventilation, PSV) & PCV i B = i
B D R I SR, AP IR ALAR B K F- 5 AR
A A FEMSS VLSRR, IR AT U R A R
%5 JIHIR/IN . PSV I U 8 B0 2 = A
HEE DA FEE R, AL B R 5
) e WY I S AR sl O Y ASIES
Ao 0 SRS [+ il g 2 R B AR POV U A R 4
B, WUEEA )™ B B 10 Ut BH 2 B ) 2 A oo
W= T IR I T S B S0 o

1 MRERZ®

1.1 B

fifi 1 ASL5000 == 3 1] iz =X Jili 455 51 25 (IngMar
Medical, Ltd, Pittshurg, Pennsylvania, USA), It 455 1]
oA P PRI T XUAE TP S T AR Y T ZE R,
RGN M A B B F s <SS R B AT
o P 3 e B A

WP 2 L3 o A v — VR s FH R 2 0/ 9 U
PR BRI [ B (4 8 o4 1.2 m) 5 ASL5000 HLIH s
PIES iz, WIS IS Z [ AS B A 25 R A
MR Ag Mg, P DA AE 2021 459 F % 12 J )
PEAT , K s X S 29 4 3~5 m, 25 I IRE 15 °C~
20 °C, FAXT 1 809%~85% , {4338 PN JCHH i X ¥7k o

1.2 WP RGN Y

BUBH IS 0L 25 15 8 Ay ~F BN Ag BRE AR N B2 B
1 E B 1S 4 BH ZE 4 i ¢ 9% (chronic obstructive pul-
monary diseases, COPD) & M I 2R A
(acute respiratory distress syndrome, ARDS) £ # (&
T 70 kg), R G0N P (system compliance, C,.)>A 30.0
F160.0 mL/cmH,0, “<ifi BH /] (airway resistance, R,,)
43 5 R 5.0, 10.0 F1 20.0 emH,0/(L+s), % < B F
(R, IR (R, JFHAETS
1.3 RS R E

Z P i) Sy B 1 B SE 0 C3 AL HL(Hamil-
ton medical AG, Bonaduz, Switzerland), i < 5 =0 1%
R PCV B, I ML) 8 < (tidal volume, V)
434 5.0.7.0 F1110.0 mL/kg, 38 SR K 10 K /min,
WS T)(T, )4 3.0 s, WU ) ETHIS ] (rise time) 2y
100 ms, FFSAIE RN 0.49 kPa (5.0 emH,0). 4]
AR EBR A 1000 mlL, A R 7 R E RN
40 emH, 0. AWM 0.21,
1.4 2%

1<t (expiratory tidal volume, V.,.)ky FFU AL
DU B4 - 13 389 A 5 W SR 7 (end -inspiratory pres-
sure, EIP)ly PCV 8 i W B Be R 19 L1l 15 )
{5 KB I PCV 38 U B B EIP 5 IR
1E H i 2218 ; I S i (peak inspiratory flow, PIF)
S PCV 3 I A8 R I i WA 5 TR 04SP [B] (T ) W
WAL A 33 5 W 8 B PIF B A5 09 B (]
75% . 50% FI 25% W “< W i 45 AEL B IR T (T o,
Tsospres Tzs%m)ﬁ‘j WA PIF 336 i 2 W < 485 R 3
[i] 325 B AN [R] i 2t 7K P Bl 5 19 B ] 5 0% “SOR Ui it (end -
inspiratory pressure, EIF) 5 B [8](T,,.) & PCV i < Fsf
AW A L (L R B[] 5 P04 37 i (peak expi-
ratory flow, PEF)>} PCV 3l /s () PP 3 o 06 5 I
R E]H BU(RC,,) R WA 759% )5 R R 3
WAL, B RC,, = 75%V o/ TEF,* (WL 1),
1.5 Bl sk 570

IR 4% B R T b AR SR,



-456-

W ML AR AD A5 R4 7 2 BR DR B A S A . 3RAS:
FLAOK AR 5, 4 BT P03 70 o1 B8R TE
AR NS [ e £, AN R BEs ) 2 2 50% i
[BBNLIG S MEE D 5 min DLARIE R
PLE IRl g [l A5 o 2 i BRI 22 A 3l fph & 5l fiph &
R E W TR PEREAS R, P HLICIA BE S
R AR B, Rl RS HO (80 B R A7)
JCIE LB Rl S fh A AT R, BRIV E A i
PLASREIE I8 TSRO

75.00 PIF
50.00 f
25.00

Inspiratory Flow (L/min)

0.00

-25.00

-50.00 T

~75.00 . — y

0 EIF PEF Time (s) 6.000

= 25001
< 1500 F / K_’—“
7 10.00
= so00f
g A
= 0 PEEP EIP

Time (s) 6.000

1200.00

= 1100.00
1000.00
900.00

800.00

700.00

600.00

Volume (ml

0 \!r Time (s) 6.000
1 PCV#&EXHIES KN

Fig 1 Airway pressure, flow and volume waveforms dur-

ing pressure controlled ventilation (PCV).
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Table 1 Comparison of the ventilatory parameters in PCV mode between different lung models

Indice Normal Adult Mild COPD Severe COPD ARDS Fvalue P value
(C,=60.0, R _=5.0) (C,_=60.0, R =10.0) (C,_=60.0, R =20.0) (C_=30.0,R =10.0)
PIF (L/min)
5.0 mL/kg 45.53+2.66 25.64+0.52 18.10+0.18 50.98+1.09 688.958 <0.01
7.0 mL/kg 61.65+1.76 34.47+1.44 24.18+0.41 64.94+3.08 653.586 <0.01
10.0 ml/kg 80.10+4.23 48.36+1.05 34.22+0.40 76.52+1.88 520.286 <0.01
PEF (L/min)
5.0 mL/kg 39.19+2.77 24.84+1.76 16.19+0.74 46.68+1.47 377.294 <0.01
7.0 mL/kg 50.80+3.99 33.10+£0.93 23.07+0.59 60.79+2.86 274.817 <0.01
10.0 mL/kg 68.73+5.62 48.35+0.99 31.79+1.24 81.77£3.82 239.933 <0.01
EIF (L/min)
5.0 mL/kg 0.37+0.31 0.40+0.10% 1.91+0.03 0.05+0.06 119.696 <0.01
7.0 mL/kg 1.03+0.27 1.42+0.09 2.69+0.05 0.07+0.05* 364.962 <0.01
10.0 mL/kg 1.34+0.61 1.60+0.25 3.76+0.26 0.06+0.03* 329.211 <0.01
DP (emH,0)
5.0 mL/kg 6.23+0.03 6.18+0.05* 7.28+0.06 12.24+0.09 92.338 <0.01
7.0 mL/kg 8.27+0.10 8.29+0.05% 10.21+0.04 16.32+0.11 14040.241 <0.01
10.0 ml/kg 11.27+0.08 11.91+0.54% 14.21+0.05 22.28+0.13 1921.010 <0.01
Flow index
5.0 mL/kg 0.60+0.009 0.71+0.004 0.80+0.003 0.59+0.003* 1900.893 <0.01
7.0 mL/kg 0.56+0.004 0.65+0.008 0.72+0.004 0.55+0.006 1232.851 <0.01
10.0 mL/kg 0.53+0.006 0.59+0.003 0.65+0.002 0.53+0.003* 1307.499 <0.01
RC!{Z’)
5.0 mL/kg 434.11+48.82 714.30+42.79 1132.02+44.67 365.11+27.86 416.551 <0.01
7.0 mL/kg 445.48+55.34 701.66+69.28 1140.53+47.25%* 368.03+30.59 263.888 <0.01
10.0 mL/kg 458.31+62.89 733.43+55.74 1125.73+50.46* 380.83+32.07 255.786 <0.01

*P values (Student t-test) are comparison between 5.0, 7.0, and 10.0mL/kg of V. (P>0.05); AP values (Student ‘-test) are comparison between normal

adult and ARDS lung models (P>0.05). Data are presented as mean + standard deviation (SD). DP: driving pressure.
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Figure 3 Comparisons of flow index in lung models with
various airway resistance (R,;,) during pressure controlled

ventilation
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Figure 4 Comparisons of flow index in lung models with
various system compliance (C,) during pressure con-

trolled ventilation
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Figure 2 The inspiratory flow-time curve in various lung models during pressure controlled ventilation
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