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[ Abstract] Objective To study the ways which ensure the delivery of enough tidal volume to patients
under various conditions close to the demand of the physician. Methods  The volume control ventilation model was
chosen, and the simulation lung type was active servo lung ASL 5000 or Michigan lung 1601. The air resistance, air
compliance and lung type in simulation lungs were set. The tidal volume was obtained from flow analyzer PF 300. At
the same tidal volume, the displaying values of tidal volume of E5, Servo i, Evital 4, and Evital XL ventilators with
different lung types of patient, compliance of gas piping, leakage, gas types, etc. were evaluated. Results ~ With the
same setting tidal volume of a same ventilator, the tidal volume delivered to patients was different with different lung
types of patient, compliance of gas piping, leakage, gas types, etc. Reducing compliance and increasing resistance
of the patient lungs caused high peak airway pressure, the tidal volume was lost in gas piping, and the tidal volume
be delivered to the patient lungs was decreased. If the ventilator did not compensate to leakage, the tidal volume
delivered to the patient lungs was decreased. When the setting gas type of ventilator did not coincide with that applying
to the patient, the tidal volume be delivered to the patient lungs might be different with the setting tidal volume of
ventilator. Conclusion To ensure the delivery of enough tidal volume to patients close to the demand of the physician,
containable factors such as the compliance of gas piping, leakage, and gas types should be controlled.

[Key words] Mechanical ventilation ; Volume—controlled ventilation ; Lung model ; Air type ; Leakage ;

Tidal volume

e PR F AR ARG R ol e S LOE . R =, P IRL I SR P A i AR

Ao Hug b, SEEHE S, BAEER UL ERR S i g pishn e < A il
R R SRR S ATEB AR T T AR R AR , AT (A UE 4 i~

o I

(Al BT A A A X R NI BRSO TR R B R E OB B
F OB RN SRR TR IRA LN R R D SR A AL
BLFE I, 2 il e MR e A TEROINECA A 2SS O bR A <

ESER

DOI : 10.3760/cma.j.issn.2095-4352.2014.12.006
AT H BRI H (JDZYY20111)

AWFFERY EZEH B AR R A T, Xt

. . . T o et i e
EFAL: 100853 LT, B HCE R BB (RAH ES\ Servoi, Evital 4, Evital XL FPIRHLAFE 1 T

WEAEE W54 Email : caodesen2012@126.com ':Flﬁﬂ/ﬁi-&ﬁ E"JYE@‘@iﬁﬁiﬂﬂﬂzo



* 876

rhAe s F R f =S 2014 4F 12 J55 26 4555 12 ] Chin Crit Care Med, December 2014, Vol.26, No.12

1 ERFE "
1.1 A% BB B ASL 5000 Hi 3% ingMar [
FPONEIE TS WA R SW 3.2 3 SRR AL 1601 H
I HG A R A W&, ASL 5000 ffif Y
ik =t B RSB, FFLEREHRIY 50 ms. PEIZAL
M4 PF 300 r%i+ Imtmedical 2 B A=, BRAS A
130 PFINPE WAL A BRI B A 7 A 7= 1 ES B 4
Magquet 28 7427 ) Servo i f2[E Driger 23 42 =Y
Evital 4 Fl Evital XL.
1.2 Ik R E R KGR T R ) iR &, A
RO, RJF I B (EH ) i< BH (R)
{45 emH,0-L " s™ . 525 (C) i~ 50 mL/emH,0 ;
IEH /N LR RAE A 50 emH,O0L s, C{H K
10 mL/emH,0 ; 2 M I 2 7 38 25 & fiE (ARDS) h
R H M RAE R 20 emH,OL T, CH R
20 ml/emH,O ;& PERHZEVERIBR (COPD) AR B
Filif) R (A 20 emH,OL™"*s™, C {H>~ 100 mL/emH,0.,
N P ML A B R R R R 1 TR
T v AT L3 A X e 7 4 o 3 A 5 A
P BEPE ASL 5000 ok 2 BARBLALUN 1601, R, C{H
FR R ES RPN 3 B WS E AT
WAL PF 300 |20

oL

=

AL PF 300
WEIRBLINIA (L

B 1 PR R e

3.0 - 4

W A

5.5 | Il EFENL
[ ARDS
[ copD

W E A

IR (%)
R (%)

ESWRIR AL
#5200 mL

2 ATPD SRR TSR, ARDS SH2EREIR EHE ZEAAE , COPD Ay PERH ZEH: il pe
B 2 ASL 5000 FEIMEEE T, N PEF 300 PR AL S H AN [R] itk 20 is I I AL ) i 28 (UM HLN ATPD)

Servo iFFIR KL BSHEIRHL

1< 600 mL

2 #F B
2.1 ] 28 78 it bR 5 % A T R 2 1 5 )
(P 2) ARl e % ASL 5000 H.JCi I , 18 i te 28
ASL 5000 119 R {EAN C A, BAIE R B I /NL .
ARDS 55 . COPD [ MR, SRR 2=
TSR (ATPD), P AL SR R 2 s, 43
JFE ES . Servo i FFIMZHLIEE A &% B o~ 200, 600,
1 000 mL B, PF 300 il < i 25 Won , AR
R R AR AN I . R PR A S
Tk 5 E KR (Ppeak ), MESK 1F i (PEEP),
BB PEA o

ZE AR HIE A, B R A MR T8 TR
T TS F sk AR I 7 A o A L g g |
TR Y Ppeak . — BT 5, 38 ek £ 260 A48 1 1 |
M) Ppeak 575 KL K PEEP, A L2 3 3
fl A B LR B <

Vi (Tubeloss) = (Pmk,p]a, — PEEP) X Crube

K, Vi tubetos) HE BRI TAE, Py
RS- 5, Coe BN

O R B NN A TR Bk
SR IEAEM TR RS ) AU B R B TR oK B, T
SRS TR AN I 2 SO T, IR
SHFERG N, 7RI W 1] B B 0E R R I 3
LUUF . YBERSE 5 RSIE R I I R RHEL L
R, —SEN P AL S A R A S R, AR
R L8 0 R B G [ R
2.2 it e X R 2 P S AU T
ASL 5000, & H kb= A =% <08, 78 10 emH,0
(1 emH,0=0.098 kPa) & J1 T, itt I & 4 8 L/min.
MIEE LT, ES FPIALSEEECA1E S (NIV) ML,
Servo i FEIEHLIA NIV A2,

E ASL 5000 4 R AE A CAH, 53 BIALL R |

5 —
B EE R A
4 W EENL
3 [ ARDS
[ corD
g 2
o
i
i 0
r
F -1

Servo iR HL

ESMEIR AL
#1581 000mL

Servo MR HL



rhAefs FR B BESE 2014 4F 12 J55 26 #5255 12 ] Chin Crit Care Med, December 2014, Vol.26, No.12

« 877 ¢

ANJUARBL , SARZEHR N ATPD , PRI ML < 15
400, 600, 1 000 mL A, ES. Servo i FEWEHLAFAE
AR BT, PF300 By < i i 22 wos (K 3) -
Servo i PEI AL & IH SRR, i A e 22 ) A
1M ES PEE AL S Eim 22 i E . RN Servo i I
MUIFHLE A A KR, il R B J Ui
A WP AL AE ol FH T 38 07 e 150 BH 5 46 R AT RS, AR
R RS SE IR

I iR 150mL

[ 125200 mL
[ #<8H300mL

I #1<CRH400 mL 30
[ 31 H600 mL 20
[ #1<5:H1000mL

o
T

HURRZE (%)
WARARZE (%
|

B5 Servo i ES Servo i

WP WP
1 ATPD i R ISR
3 PF 300 MEUZALIE M it ASL 5000 A5HHLL ke EAR L
BERGL (£2) FUNUBRIRSL (67 B, A7AERF AL
THOL T A 25 (UARALN ATPD)

2.3 R[EAMARIERNE AR i
Z IR ES IR KL R 2555 °r
Al ATPD B4R T 183
S & (BTPS) ; Evital 4. Evital
XL P AL RS AL e B HA
BTPS ; Servo i FEWE AL AR AY
WEHE A ATPD,
231 BEPEBILT ASL 5000, ik UL
= H =W, Toitls . 78
BN /N JLIHR S, A28 Y

WIRARZE (%)

Servo i
(ATPD)

[ #1CH400mL
I <521 000mL

Wl #1521 500mL

Vi cws) =V amn) X (P, — Puug) / (P, — 47) ] X
((273+37)/(273+7T) )
K, P, W RKAIE, Pyo WK E, TR
SRR
232 UL R 2 AR, B IR I, PR I AL
WA EEE N 1000 mL., 1500 mL B}, ES. Servo i,
Evital XL FEEALEI A iR 22 8o (K 5) « [/l — &0
WAL, AN ARSI B AN ] R IR 2R R
I LY A N 100 mL, SRR U [R] 54D
JiliAS] RS [ B, ES PRI HLI S iR 2 o
(1 6) : FEA RIS AR T , 7] — 5 FF IR AL H
TARASEAUARRI AT 5 AR U 0 A iR 2%
3 ERIE
AR AT AR AN
V=V . X{=V, XT,
X, Vo NI, Ve iR E A R, £
AT, V) R s, T, ISR
I R E , — e B B A BT R 4 5 ~ 12 mL/kg
[ #4100 mL

I #1150 mL
I 1R 300mL

ES Evital 4 Evital XL ES Servo i ES Evital 4 Evital XL
(BTPS) (BTPS) (BTPS) (ATPD) (ATPD) (BTPS) (BTPS) (BTPS)
IR AL RIRAL

T ATPD 283l T BT UA, BTPS Do AR B i

4 PF 300 FEIEALIACIIE: ASL 5000 AL BRIl ARG (22)

& ATPD F1 BTPS B}, Il & E5.
Servo i, Evital 4, Evital XL I

FVNJLMPRAL (£7) I, R ATLIE B [ UASR AR OLT B e 1222

ML A iRz s ([ 4), [F— " i ooom, E |
BIPUHL, EFB A AR gy S [ S ol m ae
BUF U TR R, X =
WIS S AR v =l
T, PRI ML AR Y 5 2k
S BTPS B, i #% N AN K, 0 '. ' '
Sk g AR h ES Servoi ES Evital XL :i :
NI KL L B S ATPD, (ATPD) (ATPI;;% *J(LBTPS> (BTPS) ATPD —_— BTPS

1715 DA S8 fili IV H4 ) 2 BTPS,
ik JEE A JEE Ay A Al 2 S M X
BRI ESER . PR RR R
Z ) — i MR 2 s

s ATPD gz i i TR,
BTPS AR (i < 4
5 PF 300 FFHEAHLIN A e 2 AR At
DL AR LT, I A L35 B AR i)
SARETE LT W A R 2

H: ATPD RSl B Tk,
BTPS A T g < ik

6 PF 300 MR AL A e PRI

LEERHRRIRRSL , B5 PERE AL

N 100 mL BRI AHR 2



* 878

rhAe s F R f =S 2014 4F 12 J55 26 4555 12 ] Chin Crit Care Med, December 2014, Vol.26, No.12

A A 5 I IR (A 342 B R 12 ~ 20 ¥ /min,
B LI LN 20 ~ 30 WK /min 5 IS E N
40 ~ 60 L/min ; W [A] 4 0.8 ~ 1.2 s BLWE I 1y
115~ 1:20 0 A M) M40 0 2 I R s+
FREGAEAERT FIRTEPR B E AT . S T X
H B , LR PEEP (B35 B8R 5E 20

A7 RN A A T R P <1 AT Bohr BB IX.
ZENTEE, Lhrfnk s B g RmE
FEHITE +£10%.

DA G 58 v T AR H 45 P AL Y
A AR B S 2 1A RO R 2 (AR AEAE — 2 i
2, m N IRF AR L, FEURAR SIS IR
JeRAE R ARSI ST RS IR 0 A el A
B Ppeak 54k T 1 AR A0 BEL g 434 i 5
LA 157 1Y Ppeak , DA 15 76457 % 60 2K 180 < i
B, N FEE N B A RO s> . IR ALY,
XTSRS 50, 18 it 2 A A 45 B 7 488 2 ) b
BEAb, 2 Il B AR kR A, o 23X BB B AR A R
A A o 38 e Y /N [RGB R
IE e, S AGE R s, s A R st R .
Xt IS , A Lo HLEA M DI RE , 7T LA
AU A R P A Y A, PR AL A XS A
19, ATl £ 2 3R A s A T B A RO . R
AR AT R A ) 52 AN T 2086

gi b, BRI AR il B A RO R R R
P A= (AR AL, DU) IO MR ATL I X A7 36 IO 17 e ik s bR
A ARSI AT P 2R A RS AR AN Rk M
5% ik

[1] Robert LC. Fundamentals of Mechanical Ventilation [ M ].
Cleveland : Mandu Press Lid, 2003.

[2] Donn SM, Boon W. Mechanical ventilation of the neonate : should
we target volume or pressure? [J]. Respir Care, 2009, 54 (9) :
1236-1243.

[3] Draeger. Neonatologists recommend volume—targeted ventilation
for premature babies [ EB/OL |. www.draeger.com.

[4] Mireles—Cabodevila E, Diaz—Guzman E, Heresi GA, et al.
Alternative modes of mechanical ventilation : a review for the
hospitalist [J 1. Cleve Clin ] Med, 2009, 76 (7) : 417-430.

[5] Khemani RG, Newth CJ. The design of future pediatric mechanical
ventilation trials for acute lung injury [ J ]. Am J Respir Crit Care
Med, 2010, 182 (12) : 1465-1474.

(6] XUJ5, kA iFI25, 55 . DAMRIAR S HLWGE SR AR W4
(1], sPEEEZ$,2013,10 (21) : 166-168.

(7] fL3e . Ry 2 i dhlm AR R B 4 LA e e RO
R A S5 OIS RER ML) ], P SR 24,2012,7 (30)
126- 127.

(8] HLMIEZ « WANIAZR . 381 75 i il il =Iay 7 /N L2 R i
0 34 BIRYIR AR T 1. vh R g %, 2013,23 (3) & 1150.

(9] JAlBK, BE/NEE SAAKSE, 55 . 31 A s il IRy AR
A5 VIR T REAN A X WP g2 RO sl i 2E s ) . iRk
KALEF,2013,21 (13) : 668-669.

[10] Lyazidi A, Thille AW, Carteaux G, et al. Bench test evaluation

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]
[24]
[25]
[26]

[27]

[28]
[29]
[30]

[31]

[32]

[33]

of volume delivered by modern ICU ventilators during volume—
controlled ventilation [ J ]. Intensive Care Med, 2010,36 (12):
2074-2080.
Loring SH, Garcia—Jacques M, Malhotra A. Pulmonary
characteristics in COPD and mechanisms of increased work of
breathing [ J |. J Appl Physiol (1985), 2009, 107 (1) : 309-314.
Terado M, Ichiba S, Nagano O, et al. Evaluation of pressure
support ventilation with seven different ventilators using Active
Servo Lung 5000 [J]. Acta Med Okayama, 2008, 62 (2):127-
133.
Jaecklin T, Morel DR, Rimensberger PC. Volume—targeted modes
of modern neonatal ventilators : how stable is the delivered tidal
volume? [ J |. Intensive Care Med, 2007, 33 (2) : 326-335.
e N RALATE AR . WS 392-2012 MFIEHLIGART LS 1.
et i E R R, 2012,
Halter JM, Steinberg JM, Gatto LA, et al. Effect of positive
end—expiratory pressure and tidal volume on lung injury induced
by alveolar instability [ J |. Crit Care, 2007,11 (1) : R20.
Suh GY, Kwon OJ, Yoon JW, et al. A practical protocol for
titrating "optimal" PEEP in acute lung injury : recruitment
maneuver and PEEP decrement [ J |. J Korean Med Sci, 2003, 18
(3):349-354.
Jill MA, Rhida MB, Dela—Cruz KI, et al. Effects of increasing tidal
volume during positive pressure ventilation on lung mechanics and
hemodynamics [ J |. Acta Med Philipp,1997,33 (3) : 111-119.
Esteban A, Anzueto A, Frutos F, et al. Characteristics and
outcomes in adult patients receiving mechanical ventilation : a 28—
day international study [J].JAMA, 2002, 287 (3) : 345-355.
Silva DC, Shibata AR, Farias JA, et al. How is mechanical
ventilation employed in a pediatric intensive care unit in Brazil? [ J ].
Clinics (Sao Paulo), 2009, 64 (12) : 1161-1166.
Kallet RH, Campbell AR, Alonso JA, et al. The effects of
pressure control versus volume control assisted ventilation on
patient work of breathing in acute lung injury and acute respiratory
distress syndrome 1. Respir Care, 2000, 45 (9) : 1085-1096.
Badet M, Bayle F, Richard JC, et al. Comparison of optimal
positive end—expiratory pressure and recruitment maneuversduring
lung—protective mechanical ventilation in patients with acute lung
injury/acuterespiratory distress syndrome [ J ]. Respir Care,
2009, 54 (7) : 847-854.
MAE, 145, KRB . AN TRDE R L RRGE SO0 R B /N 53
F1 -1 BHARSAR SR A [ ) ). P EfE BN A E
2%,2013,25 (3) : 154-158.
KRR IR /NI PR PEDUGE S ST ). e fs
G AR PR, 2013,25 (10) : 633-636.
WREEE . DBl BIHLAOE LT ],
2012,24 (10) : 577-578.
T 2R RAE] . AR iRy T RIS AR S e [ ]
A T SRR, 201,23 (9) : 524-529.
W, B, TA . R ORIEANIA 5k 7 Sk
FLRAIELT ] PR SR, 201,23 (1) £ 28-31.
PR, KRR . ORI R S /N Ak
AT / 2 NI 0 55 A0 TS S 1 25 28 A0 .
e SR 2, 201,23 (1) £ 5-9.
FARLR . ST I 25 AEAUAGE SRS TR ).
S ARLRF6 R, 2013, 15 (6) £ 496-500, 5 3.
SR . T TR R S e AT A R SCE AR Y S LT ]
AR BAEZ A BPAE 2012, 11 (5) - 381-384.
TR VAEAL . PEEP ZEAUMUE T EERE M i F A 6
LY. R EEEZST,2012 (21) 2 69.
BT BRI AR RIS R EE S ARDS it
AR E L) ] E A N SR PR A, 2004,16 (7)) ¢
424-427.
- SR, PN ZE, A5 L NP IHLAE R TE B R £ 1
JeAtsEl ) ] A ER SO 7, 2007, 19 (9) : 554-555.
JEI A AR PR IR R T ERE L) ] T E YRS S R
4, 2010,17 (2) : 124-125.

CUiH B4 2014-01-16) (A SCHR 24T

Hh ] 8 F R R



