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Background : Auto-PEEP which develops when expiratory lung emptying is not finished
until the beginning of next inspiration is frequently found in patients on mechanical ventilation. Its
presence imposes increased risk of barotrauma and hypotension, as well as increased work of
breathing (WOB) by adding inspiratory threshold load andfor adversely affecting to inspiratory
trigger sensitivity. The aim of this study is to evaluate the relationship of auto-PEEP with WOB
and to evaluate the effect of PEEP applied by ventilator (extemal PEEP) on WOB in patients
with auto-PEEP.

Method : 15 patients, who required mechanical ventilation for management of acute
respiratory failure, were studied. First, the differences in WOB and other indices of respiratory
mechanics were examined between 7 patients with auto-PEEP and 8 patients without auto-PEEP.
Then, we applied the 3 cm H,O of external PEEP to patients with auto-PEEP and evaluated its
effects on lung mechanics as well as WOB. Indices of respiratory mechanics including tidal
volume (Vy), repiratory rate, minute ventilation (Vg), peak inspiratory flow rate (PIFR), peak
expiratory flow rate (PEFR), peak inspiratory pressure (PIP), TyTror, auto-PEEP, dynamic
compliance of lung (Cdyn), expiratory airway resistance (RAWe), mean airway resistance
(RAWm), Po;, work of breathing performed by patient (WOB), and pressure-time product (PTP)
were obtained by CP-100 Pulmonary Monitor (Bicore,USA). The values were expressed as
mean = SEM (standard error of mean).

Results
1) Comparison of WOB and other indices of respiratory mechanics in patients with and without
auto-PEEP :
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There was significant increase in WOB (1.71£0.24 vs 0.50%0.19 J/L, p=0.007), PTP (317+70
vs 98136 cm HoO - sec/min, p=0.023), RAWe (35.6+5.7 vs 182+2.3 cm H20[L/sec, p=0.023),
RAWm (28.8%£2.5 vs 11.912.0 cm H20/Lysec, p=0.001) and Po; (6.2%1.0 vs 2.9+0.6 cm H20,
p=0.021) in patients with auto-PEEP compared to patients without auto-PEEP. The differences of
other indices including Vr, PEFR, Vg and Ty/Tror showed no significance.

2) Effect of 3 cm H,O external PEEP on respiratory mechanics in patients with auto-PEEP :
When 3 cm H;O of external PEEP was applied, there were significant decrease in WOB (1.71%
024 vs 1.20Xx021 J/L, p=0.021) and PTP (317£70 vs 231+£55 cm H,O - sec/min, p=0.038).
RAWm showed a tendency to decrease (28.81+2.5 vs 23.9+2.1 cm H,O, p=0.051). But PIP was
increased with application of 3 cm H,O of external PEEP (16%+2 vs 22+3 cm H,O, p=0.008).
V1, Vg, PEFR , TyTror and Cdyn did not change significantly.

Conclusion : The presence of auto-PEEP in mechanically ventilated patients was accompanied
with increased WOB performed by patient, and this WOB was decreased by 3 cm H,O of
externally applied PEEP. But, with 3 cm H,O of external PEEP, increased PIP was noted,
implying the importance of close monitoring of the airway pressure during application of external
PEEP.
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Table 1. Patient Characteristics and Mode of Mechanical Ventilation

Patient No. Name Age(yr)  Sex Underlying disease Mode PS  auto-PEEP(cmH;0)
1 SDS 80 M COPD, pneumonia CPAP 15 -
2 YCS 68 M peritonitis, sepsis SIMV 0 -
3 CGS 75 F COPD, pneumonia CPAP 0 -
4 CSs 77 F COPD, pneumonia SIMV 15 -
5 YOS 64 F peritonitis, sepsis SIMV 15 -
6 KYJ 43 F pneumonia SIMV 15 -
7 SEC 67 M pyogenic spondylitis, sepsis =~ CPAP 15 -
8 LHS 78 M lung ca., pneumonia SIMV 0 -
9 OBS1 87 F pulmonary infarction SIMV 0 7.8

OHS2 CPAP 0 127
10 KPS 81 F. COPD SIMV 0 5.3
11 LSD1 65 M COPD SIMV 20 4.8
12 LSD2 SIMV 30 30

KSH 61 M lung ca., pneumonia SIMV 15 6.7
13 JWB 54 M pheumonia CPAP 15 59
14 KYI 55 M lung ca. CPAP 20 7.0
15 CSW 77 M COPD CPAP 15 10.0

COPD : chronic obstructive pulmonary disease,

CPAP : continuous postive airway pressure,

PS : pressure support(cm HO),

Ca. . cancer

SIMV : synchronized intermittent mechanical ventilation,
PEEP : positive end-expiratory pressure(cm HO)

Table 2. Basic Ventilatory Pattern in Patients
with and without auto-PEEP
auto-PEEP
P value
present absent
auto-PEEP(cmH,0)  7.0X1.0 00£00 0.0003
PS (cmH;0) 128+35 9427 0489
Vr (L) 036+0.05 0.35X0.05 0464
RR 24+2 272 0.36
Ve (L/min) 82%13 9.6+0.8 0.136
PIFR (Lysec) 0.74+0.04 085%0.10 0.500
PEFR (L/sec) 0.51+0.04 0.48+003 0.59
PIP (cmH;0) 16+2 14+2 0.248
Ty/Tror 033+0.03 037£0.02 0335

PEEP : positive end-expiratory pressure,

PS: pressure support,

Vr: tidal volume, RR: respiratory rate,

Vg minute ventilation,

PIFR: peak inspiratory flow rate,
PEFR: peak expiratory flow rate,

PIP: peak inspiratory pressure,

Ty/Tror: fractional inspiratory time

K24 (pressure support level)(Z}2}, 12.8+3.5,
94+27 cm H0O, p=0489) 52 23 Aoz}
AATKTable 2).

B2E didolA 597 ¢dpleural pressure) 2]
H5S FH] A8 A= FHEEKSmartCath
catheter, Bicore, USA)E 2]x9] s 1/3%]%]9
SRS ARk =t 39 2P 99
flow transducer(VarFlex flow transducer, Bicore,
USA)E 7131 &9 E3} AF5E7]9] Y-conne-
cor Aloje] XA ], ©]EL BicoreAl]
CP-100 Pulmonary Monitore] 4Z3Kch 3%
A3t A BEES 5 monitore]] WAE softwareo]
ojs) Falig e, Az Axe 183 4T
el gages stk

3598k XE2r AN EFeHtdal volume,
o)3} V), 23384 29372 minute ventila-
tion, °l3} Vg), HNE7|HHpeak inspiratory
flow rate, ©]3} PIFR), t)$.7]-8-Hpeak expira-
tory flow rate, ©]5} PEFR), i1'&7|(peak
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inspiratory pressure, ©]&} PIP), TyTror (fracti-
onal inspiratory time), auto-PEEP, FghA
(dynamic compliance , ©|3} Cdyn), 37| 7|XA4
&(expiratory airway resistance, ©]3} RAWe), 3
T 7)=A%(mean airway resistance, ©]3}
RAWm), Py (airway occlusion pressure at 0.1
sec), Bx] 3 FPd IF Ywork of
breathing performed by patient, ©}3} & <),
pressure-time product (©]&} PTP) So|Rich

Auto-PEEP®] EA)7} &ld &xl=l disl &
Hq7 Aurg $AS ¥, PEEPeg UNHH o=
FHzx AAA AEsEe 31 3 cm HOZ &3
o2 A3 5 B K] F RG] A&
& A 1 B3 SAsk gygst AusrE 33
3ick

SAN B4 SHXES HTATEFTAE
EASI9oH, auto-PEEPo] EA3h= T3 {E
2 29 2% 23] Aol Mann-Whitmey u
test2 7343141, external PEEPS #-&3 $.9
M 3lo]] sl A4]i= Wilcoxon test for matched pairs
2 AAsIAck two-tailed pZte] 0.059|%H1 HS$-
A oS dAEA:

4 ot

1. Auto-PEEP# T} Sauto-PEEPZOIAMS| &
& o U J[El SEYSH X|E2| H|m

FE e auto-PEEPFo] Fauto-PEEPFo
H)3l S35k E=oren(2), 1.7140.73, 0.50+
0.19 J/I, p=0.007), PTP%: auto-PEEPT°| 5
auto-PEEPZ] Wla) §e)abil &3k, 317
+70, 98+t36 cm H»O -sec/min, p=0.023)(Table
3). RAWe, RAWm % Pg;-& 25 auto-PEEPT
o] Fauto-PEEPol| B3] f-<J3lA] =3k31, Cdyn
2 g2 el ¥ Rlo)7t gtk Table 3).

Table 3. Indices of Respiratory Mechanics in
Patients with and without Auto-PEEP

auto-PEEP
present absent

P value

Cdyn(mL/cmH,0) 364+32 56.3+11.8 0.268
RAWm(cmH,OfLjsec) 35657 18.2+23 0.023
RAWm(cmH0/1jsec) 28.8+25 11.9%£20 0001

Po.1(cmH0) 62%1.0 29+06 0021
WOB(J/L) 0.71+024 0.50%0.19 0.007
PTP(cmH,Osec/min) 31770 98+t36  0.023

PEEP : positive end-expiratory pressure,
Cdyn : dynamic compliance of lung,
RAWe : expiratory airway resistance,
RAWm : mean airway resistance,

Po, : airway occlusion pressure at 0.1sec,
WOB: work of breathing,

PTP: pressure-time product

2. Auto-PEEPO| ZXlist= &XlollA PEEPe
(3 cm H:0)2| &1}

1) Auto-PEEPZolA 3 cm H,09] PEEPe&
2 &31%& " pulmonary monitor “Fol Z7H
37]|% 7]1=%end-expiratory airway pressure)<
34103 cm H,O4tk PEFPeg A43}l7] d%e
B3 $F<, Vr Vg, PIFR, PEFR % Cdyn&
9%t Ajolg HolA] gkov), PEEPeS 7HIIE
W 3F 4, 1711024, 1201021 JL,
p=0.021)T} PTP(Z}z}, 317+70, 231%55 cm
H20 -sec/min, p=0.038)% 7Z|AX|=ZHE 2z}
30%9) 27%2] gk ZAE BRYTi(Table 4).
RAWmE extemal PEEP9] & AT Z}z} 28.8
+25 @ 239421 cm H;O/Lfsec® 7AEE
AL BPYOH(p=0.051), Poid 72} 6.1+1.0
2 4710.6 cm H022 f23 A8 nyo
(p=0.036)(Table 4). 3H#, PIP:= external PEEP2)
Ag AF 72 1612 E 22+3 cm H02 #9
3 2712 B3t} (p=0.008)(Table 4).

2) Auto-PEEPFol4] PEEPtotal ( PEEPe +
auto-PEEP)-2 3 cm H20¢] PEEPe & # 7.0
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+1.0 cm H,0% A& 3 70309 cm H20E &
oJgk xo|7t Ak olF 3 oollx] PEEPe 4
%] PEEPtotalo] Z-& A auto-PEEPZtHT} A
on, ol3s FAoMe 28R ¥ A H]
3] PEEPeg H83l9& Y- &F d#Z, -51
+1.8, -19.549.6 %, p=0.071) I RAWm(Z}Z},
-36.3+8.8, -7.9+12.0 %, p=0.121)2] ZAago|
9 & AFgS 2ok

Table 4. Changes of Indices of Respiratory
Mechanics after application of 3cm H0 of External
PEEP in Patients with Auto-PEEP.

external-PEEP
P value
before after
Vr L 036+0.05 041003 0.161
RR 24+t2 2212 0.094
Ve(L/min) 82+13 77x12 0124
PIFR(L/sec) 0.74+0.04 0.75%005 0.735
PEFR(L/sec) 0.51£0.04 0.50%:0.04 0.673
TyTror 0.33£0.03 033%002 0515
PEEPtotal(cmH,0) 7.0%£1.0 7.0+09 0953
PIP(cmH,0) 162 22+3 0.008
Po.1(cmH:0) 6210 47+0.6 0.036
RAWm(cmH;Ofljsec) 28.8%£25 239*21 0051
WOB(J/L) 1.71+024 120102 0021
PTP(cmH,O'sec/min)  317£70 231£55 0.038

PEEP: positive end-expiratory pressure,
Vi tidal volume, RR: respiratory rate,
Ve: minute ventilation,

PIFR: peak inspiratory flow rate,
PEFR: peak expiratory flow rate,
TyTror: fractional inspiratory time,

PIP: peak inspiratory pressure,

Po: airway occlusion pressure at 0.1 sec,
RAWm : mean airway resistance,
WOB: work of breathing,

PTP: pressure-time product

i &
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T), 87olA auto-PEEPo] EAISHA] kpel(F
auto-PEEPT). ¥t 1ol &A1) $89sky g
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tory flow rate, ©|3} PEFR), Z13&7|U(peak
inspiratory pressure, ©]3} PIP), TyTror, auto-
PEEP, ¥ &%gh4 (dynamic compliance of
lung, ©|&} Cdyn), %] 7]:=*%Hexpiratory air-
way resistance, ©|3} RAWe), Hi¥F 7|=43}
(mean airway resistance, ©]3} RAWm), Po;, 3t
Aol 3 FP=H= 5F U (work of breathing
performed by patient, ©|3} Z-& <), pressure-
time product( ©}3} PTP )Eo|ch

4 2}

1) Auto-PEEP¥ Fauto-PEEPTAY &
d 2 7l 38 AE vn IF 9,
PTP, RAWe, RAWm 9 Py;-& FHauto-PEEPT
Xt} auto-PEEPTOlA FeldtAl w8tttk Vr, Vg,
PEFR, TyTror, Cdyn 52 & Alolo] el
Zpol7t ATk

2) Auto-PEEPo] ZA)&H= 2kxJol|A] external
PEEP(3 cm H0)¢] &3} 3cm H09 external
PEEPS Z&3l9E W #9 355 Vi, Vg
PIFR, PEFR, Cdyn % PEEPtotal(external PEEP
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