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Difference in Patient’s Work of Breathing Between Pressure-Controlled
Ventilation with Deccelerating Flow and Volume-Controlled Ventilation
with Constant Flow during Assited Ventilation

Ho Cheol Kim, M.D., Sang Jun Park, M.D., Jung Woong Park, M.D.,” Gee Young Suh, M.D.,
Man Pyo Chung,M.D., Hojoong Kim,M.D., O Jung Kwon, M.D., Chong H. Rhee,M.D.

Division of Pulmonology, Department of Medicine, Samsung Medical Center,
Sungkyunkwan University School of Medicine, Seoul, Korea

Background : The patient’s work of breathing(WOBp) during assisted ventilation may vary according to
many factors including ventilatory demand of the patients and applied ventilatory setting by the physician.
Pressure-controlled ventilation(PCV) which delivers gas with decelerating flow may better meet patients’ de-
mand to improve patient-ventilator synchrony compared with volume-controlled ventilation(VCV) with con-
stant flow. This study was conducted to compare the difference in WOBp in two assisted modes of ventilation,
PCV and VCV with constant flow.

Methods : Ten patients with respiratory failure were included in this study. Initially, the patients were placed
on VCV with constant flow at low tidal volume(Vr ow)(6-8 ml/kg) or high tidal volume(Vr, pey) (10-12 ml/
kg). After a 15 minute stabilization period, VCV with constant flow was switched to PCV and pressure was
adjusted to maintain the same tidal volume(V+) received on VCV. Other ventilator settings were kept constant.
Before changing the ventilatory mode, WOBp, V1, minute ventilation(Ve), respiratory rate(RR), peak airway
pressure (Ppeak), peak inspiratory flow rate(PIFR) and pressure-time product(PTP) were measured.
Results : The mean V; and RR were not different between PCV and VCV during the study period. The Ppeak
was significantly lower in PCV than in VCV during V1 en ventilation(p<0.05). PIFR was significantly
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higher in PCV than in VCV at both V1 (p<0.05). During V. 10w ventilation, WOBp and PTP in PCV(0.80 +
0.37 J/min, 164.5+74.4 cmH,0.S) were significantly lower than in VCV(1.06 +0.39J/min, 256.4 +107.5 cmH,
0.5)(p<0.05). During V- e ventilation, WOBp and PTP in PCV(0.33 £0.14 J/min, 65.7 £26.3 cmH,0.8)
were also significantly lower than in VCV(0.40 +£0.14 J/min, 83.4 +35.1 cmH0.8)(p<0.05).

Conclusion : During assisted ventilation, PCV with deccelerating flow was more effective in reducing WOBp
than VCV with constant flow. But since individual variability was shown, further studies are needed to confirm
these results. {Tuberculosis and Respiratory Diseases 1999, 46 : 803-810)
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gk, 4E-24-3 7] (pressure-controlled ventila-
tion, PCV) & aA qteo] dFsle V& 385
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&% 5% (decelerating flow)] Fejg 7}dch. &
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gohn. deime § A1 Aleld WOBp
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chat o

1.of &

SRR AFIFVIE FAske TAE dHe
2 oy Szl 2% 10%o8 FHEdHe 61.7
175493, Gk 8% A= 230lUY. 38T
Ao 4UAEL A9 59, FHEFTETFT 240,
A A 17, S8R 14, A2 1
of Solrt(Table 1).
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Table 1. Patient’s characteristics

Age/Sex Diagnosis

Duration of Ventilation(day) FiO,

PEEP Outcome*

M/62 Pneumonia

F/52 Sepsis, ARDS
F/56 Pneumonia

M/66 Tuberculosis
M/62 Pneumonia

M/49 CHF, Pneumonia
M/66 Pneumonia

M/68 Pneumonia

M/74 COPD

10 M/66 ARDS

W 00 N1 O U1 e W NN =

30 0.5 6 D
13 0.5 12 D
60 0.5 S
45 0.4 S
13 0.8 10 D
46 0.5 S
16 0.4 D
14 0.55 S
122 0.4 4 S

1.0 14 D

*S=survived, D=died

FiO, : fraction of inspired oxygen, PEEP : postive end expiratory pressure, ARDS : acute
respiratory distress syndrome, CHF . congestive heart failure, COPD : chronic obstructive pul-

monary disease

HES] A3 7=l AAH =S AAF Fof 2}
4 3FE 71=d Hmgke] Wiyl A FU)E
£a) $AHAND. A4 (peak inspiratory
flow rate, PIFR) 2 V. 5-& $x}9] 7jsh &R
AFZTEF7] Alole] Y dAZAR99 pneumotacho-
graph& ddst FASHH?. mE &3 CP-
100 pulmonary monitor(Bicore, Irvine, CA,
USA)E ol&siiTH”. Z F2oliA F717] A7, &
wrodx] A% (trigger sensitivity) (-2 emH,0), &)
RABE, TYY & AP REAS. E
3 WOBpT ofdel V,, E387]8k (minute venti-
lation, Vi), #3%FF, H7|=Y(peak airway
pressure, Ppeak), PIFR, pressure-time product
(PTP) 5-& 73] wasiglet.

3. EAIAz|

A= BEas BEUE ZAEME 23359 v
Wy EAzZg39 SPSSE o]£3le] Repeated
Measure of one way ANOVA=Z 7#A=3 T} §-9
g Apol7t e ¥l paired t-testE ol g3ste] f

o

oJF ztole} H-F-E AZ3IATE. parel 0.05 wwl
%]

S0 HoI Aoz NFAAT.

1. Vol e Exte] $FHE X|Z2| Ao

va VEy %%jg% VT, LOW E—‘E VT, HIGHoﬂ }\'1
VCVse PCV Ajojol] £-2J5+ ztol7t §1%ich. Ppeak
£ ViueadlA VCVo| vj3] PCVelA f-2J3lA @
StH(p<0.05). PIFRE Ztzte] VoA VCV4|
PCVA|A fosA] =3 (p<0.05)(Table 2).

2. Vi owOllAl WOBpS} PTP S| fo|

Vi owdlAl WOBpe VCV, PCVoA Z+2} 1.06 +
0.39 J/min, 0.80£0.37 J/mineg PTP= Z}z}
256.4+107.5 cmH,0.S, 164.5+74.4 cmH,0.52 =2
VCVe| njgj PCVellr ejuiglA #2383t (p<0.
05)(Fig. 1).
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Table 2. Respiratory parameters during pressure-controlled ventilation(PCV) and volume-con-
trolled ventilation(VCV)

VT. HIGH VT, LOwW
Mode VCv PCV VCv PCV
Vs (ml) 558£150 558 £ 140 39770 39274
Vi (L/min) 10.8+2.9 10.8+2.6 9.6+£2.1 9.3£1.8
RR (/min) 242423 244424 29.8+4.3 29.6+4.3
Ppeak(cmH,0) 35.1+9.4 32.2+9.0% 24.1+6.2 24.1+6.3
PIFR (L/s) 0.87+0.23 1.28+0.26* 0.66 £0.11 0.98+0.24*

Value are indicated as mean+SD.

*p<0.05 compared with VCV

V1, e » high tidal volume, V1, Low : low tidal volume, V7 ; tidal volume, Vi ; minute ventilation,
RR : respiratory rate, Ppeak : peak airway pressure, PIFR : peak inspiratory flow rate

*
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Fig. 1. Difference in patient’s work of breathing(WOBp) and pressure-time product(PTP) be-
iween pressure-controlled ventilation(PCV) and volume-controlled ventilation(VCV) at
low tidal volume. *p<0.05 between VCV and PCV.

3. V1. men0ll WOBPp2} PTP2| o] oA owlgiAl WOBpst PTPe Zavh 3iglth

WOBp+= VCV, PCVelA Z1ZF 0.40+0.14 J/min,
Vo, mens 2-838F 739 izl A= VOV 18 PCV 033+014 J/mino 2, PTP= 474 834+
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Fig. 2. Difference in patient’s work of breathing{WOBp) and pressure-time product(PTP) be-
tween pressure-controlled ventilation(PCV) and volume-controlled ventilation(VCV) at
high tidal volume. *p<0.05 between VCV and PCV..

35.1 cmH,0.S, 65.7+26.3 cmH,0.52.2 VCV
vjg] PCVelA ou|dA 28k (p<0.05) (Fig.
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PCVE #488%02 B 7] 20l & &
&9] 7kAE A FYTeeN F7)27 Bz
718t BT Atolel] A7l 2olE Eo FA A
BrlEe 3FYE AL F QAo

B AFoME AFEE Rl g vV, sy
A, 3FF TF 4AM fAEA BRI %
< 2E3IHew WOBpo| #joj7} 9le-S Adsgd:
dl, ol B287]d 2] WOBpo] 27]9] 443 4
FAAL U AR, dibEo g Vg B8
A dFYFF VCVME f&0] Frtslo] nz
714l wE WOBp ztol7t 2448 4 gtks B
FE Q. et B AP E Vi wend A4
A& W= VCVe PCV Apolo #-2% WOBp<]
o7k ASdth. ol Aol dia} BAbTY Ajold A
& A7 7FsAel ok Cinella 599 d7&
82 78 F 4%o] WA A4 2R Aol A
of W B A7 A= Vi yed FL3Y 79
Z 193] v A= EE SR}, A2 &
A Vg AREtded % Cinella 59 dFoAs
PCV$} VCV A}oje] PIFRe| §oJ3t Ztol7} 919
Aol vlg] £ A7l f2g 2olr) gt old
olfrZe v AR FEAG] ZrtE]
I #o gEEE F7lH] Jemg PCVIAMRE 7]
F9 8ol AGE 2ol dAYRFT JMA 2
4 do] &yre] PIFRY} #4dte] PCVA ol
&Y e A F A 2 JsAel B
wiolch. =3 syl An WOBpdl d&g
wE Qe dAEC) UeFEly] did T Ao
apolg HEE 7HsAS wiAlE 5 gl

E 379 Ao RRWIROME S0} A
ZFe] WOBE @t A& HoFa Jid ojxe
Za% J4H duig AUt & ) o] ATy
Babe] A9 FAEE B2 A7)0 HEL T
2o B2E s Ha Axbdow Aesgy
2HEHY olgg 3 He EAE 29 ¢ Yuh
£ d7oA 4dF R 23]8] PCVoAq VCV
Bt} WOBpY PTP7F 2719 A9} =, weh

A 48302 BF XM PCVZE VCV) u)8)
WOBpg &<lvkie & d7e Zoes 28 4 ¢l
on] 1F3EV] Aol WOBpd 43ke & & o
£ AL AFST 2 PR 7bg PR 4HS B
=8& 3= Aol Fag Aol AluEct &3 &
AAGFH e VCVE AME3IY7] W&o t}
& FFE (& EYW Ea%H) 9 VCVarA F
€9 ¢ givke Az€d.

AEZE7NE fAshe & WOBp2 9} §39
@98e SEI] AT d R V=9 HE2Ae {§3F
of dig AMae HH3 AT d2 A9 HelH
(physiologic) WOBp#} Q&3 &), 719, 5%
7] 3z Arle AFE FEI] A% FHE (im-
posed) WOBpoe2 ug 4 Jop, giiA
WOBp& ¥ 71x]9] FAAE 8 Jrols &3sld
Aygld WOBp& FA4tolut #7124 WOBpl 93 %
WOBp7}t Z7H59] Sl A9 AFEF7|=e oz
F e FRES Aoho] ZI]d XS oA
4 ke Bl Qlof, #xte] ojgely g EY
3 dloll A Bejd WOBp7t o £-88 ¢ A
th= Hago] . e 7k WOBE &4
37 gjsiMe 78712 (carina end of trachea)
A qEFE A of &19'P E3F F WOBpH} 54|
o FFdolsls EAIY dEd 2 dFAME F
WOBpiHe 238140}, 8 & dyte olgop) v
gl gt g7t ofum FUS FRjA e o Izt
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tion) Alef] fld#] AnE ZAEA] Rl Al
derg oy BAE FH3Y] YsiM PTPE &3
st A7, £ dydide &5Ys 34 PTP=
PCV7l 438a2e] VOV Hl&ll 7443 B3
=5

AEHoz ¥ AFdMe BRXIy| oz
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4 ezt Yzdnth
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& A Fdete] Fxe] aFFI A At
B 5 REE7I%N 829 35Ye] o} e
Ao F&% 4 rt. ol ATAELE F 7HAY
RZ87|%20 N Bake] 3FL(WOBp) ¢ Aolg
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TEFTAoR AFIEVE AR U= 1089 &
A(HEAH 61712754, F:19=8:2)8 W
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U3 FEF(Vr mew)(10-12 mi/kg) = A 43
FFF (Vy ow)(6-8 mi/kg) o2 A43l0 thgo
TUT YHSFF(Vo)o] fRlEe A7) g8 A
=2 PCVE Ag3igon AF3F7|e] e 45
YA fAlstATt. WOBpE 358719 e
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AFZEF7] F4E vl 187 33381 1 49
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EREES, HwI=g(Ppeak), AIF7IHFE
(PIFR), pressure-time product(PTP) %& &
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2 I

Vi Vi 228F5E 2209 Voo uet PCVet
VCV Aoldl] f-o]at zkelr} iglom, Ppeak= Vi,
wenolA VCV vl8] PCVIA S-9slAl Wit (p
<0.05). PIFR& Zizbe] VyolAl VCVe nig
PCV 7)ol A f-ofatA #34tH(p<0.05).

VT, Low°ﬂ’ﬂ WOBD'E‘ VCV, PCV‘)“*% Z}'Z} 1.
06 +0.39 J/min, 0.80 £0.37 J/min®]%l3, PTP+=
2}ty 256.4 +107.5 cmH0.5, 164.5+74.4 cmH,0.
So@ VCVe sl PCVIAl 2Jm|A wskth(p<
0.05).

Vo meu®iAl WOBpe VCV, PCVelA zZHz} 0.
40+0.14 J/min, 0.33+0.14 J/mino|¢l3, PTP
= 737} 83.4+35.1 emH 0.5, 65.7+26.3 cmH,0.
Soz VCVe ws] PCVelA 2fu|giAl wstth(p<
0.05).
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