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Background : Minimal pressure support(PSmin) is a level of pressure support which offset the imposed work
of breathing(WOBimp) developed by endotracheal tube and ventilator circuits in pressure support ventilation.
While the lower applied level of pressure support compared to PSmin could induce respiratory muscle fatigue,
the higher level than PSmin could keep respiratory muscle rest resulting in prolongation of weaning period dur-
ing weaning from mechanical ventilation. PSmin has been usually applied in the level of 5~10 cmH,0, but the
accurate level of PSmin is difficult to be determinated in individual cases. PSmin is known to be calculated by
using the equation of “PSmin=peak inspiratory flow rate during spontaneus ventilation X total ventilatory
system resistance”, but correlation of calculated PSmin and measured PSmin has not been known. The objects
of this study were firstly to assess whether customarily applied pressure support level of 5~10 cmH,0O would
be appropriate to offset the imposed work of breathing among the patients under weaning process, and second-
ly to estimate the correlation between the measured PSmin and calculated PSmin.

Method :

1) Measurement of PSmin : Intratracheal pressure changes were measured through Hi-Lo jet tracheal tube
(8mm in diameter, Mallinckroft, USA) by using pulmonary monitor{(CP-100 pulmonary .monitor, Bicore,
USA), and then pressure support level of mechanical ventilator were increased until WOBimp was reached to
0.01 J/L or less. Measured PSmin was defined as the lowest pressure to make WOBimp 0.01 J/L or less.
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2) Calculation of PSmin : Peak airway pressure(Ppeak), plateau airway pressure(Pplat) and mean inspira-
tory flow rate of the subjects were measured on volume control mode of mechanical ventilation after sedation.
Spontaneous peak inspiratory flow rates were measured on CPAP mode(0 cmH,0). Thereafter PSmin was
calculated by using the equation “PSmin=peak inspiratory flow rate xR, R == (Ppeak-Pplat)/mean inspiratory
flow rate during volume control mode on mechanical ventilation”.

Results : Sixteen patients who were considered as the candidate for weaning from mechanical ventilation were
included in the study. Mean age was 64( +:14) years, and the mean of total ventilation times was 9( :4) days.
All patients except one were males. The measured PSmin of the subjects ranged 4.0~12.5¢cmHQO in 14 pa-
tients. The mean level of PSmin was 7.6( £2.5 cmH,0) in measured PSmin, 8.6( +3.25 cmH0) in calculated
PSmin. Correlation between the measured PSmin and the calculated PSmin is significantly high(n=9, r=0.88,
p=0.002). The calculated PSmin show a tendancy to be higher than the corresponding measured PSmin in 8
out of 9 subjects(p=0.09). The ratio of measured PSmin/calculated PSmin was 0.81( +0.05).

Conclusion : Minimal pressure support levels were different in individual cases in the range from 4 to 12.5
emH,0. Because the equation-driven calculated PSmin showed a good correlation with measured PSmin, the
application of equation-driven PSmin would be then appropriate compared with conventional application of 5~

10 cmH,0 in patients under difficult weaning process with pressure support ventilation.
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Table 1. Demographics of the patients

Cases No. Age(yrs) Sex TVT(days) Diagnosis
1 32 M 11 Drug intoxication
2 68 M 17 Acute lung injury
3 80 M Pneumonia
4 58 M 4 COPD
5 69 M 14 Acute lung injury
6 62 M CHF
7 64 M COPD
8 78 M 12 Pneumonia
9 60 M Pneumonia
10 63 M Pneumonia
11 75 M 13 CHF
12 68 M 8 Pneumonia
13 65 F 10 Pulmonary Tbe.
14 65 M 4 Acute lung injury
15 28 M 5 Drug intoxication
16 65 M 4 Drug intoxication

ETT : endotracheal tube
CHF : congestive heart failure
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COPD : chronic obstructive pulmonary disease
TVT : total ventilator time
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Table 2. The Levels of mirimal pressure support in the patients

Cal.PSmin Meas. PSmin
Cases No. PIFR(L/sec) R(emH,0/L/s)
(¢cmH,0) (cmH,0)
1 0.41 — — 4.0
2 0.51 11.8 6.0 5.0
3 0.57 11.8 6.7 5.5
4 0.48 14.5 6.9 6.5
5 0.79 10.3 8.1 6.5
6 0.54 13.0 7.1 7.0
7 0.82 10.0 8.2 7.0
8 0.75 - - 7.0
9 0.67 10.0 6.7 8.0
10 0.59 — — 8.0
11 0.73 — - 10.0
12 0.60 - — 10.0
13 0.80 19.3 15.5 11.0
14 0.96 13.3 12.8 12.5
15* 0.98 - - 15*
16* 0.59 33.9 20.0 21*

PIFR : peak inspiratory flow rate during spontaneous ventilation

R : resistance of total ventilatory system Cal. Psmin : calculated minimal pressure support
Meas. Psmin : measured minimal pressure support

*Values were omitted from statistical calculation due to partial obstruction of endotracheal
tube by secretion
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Fig. 1. Comparison of measured PSmin with cal-
culated PSmin.
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Fig. 2. Correlation between measured PSmin and
calculated PSmin.

4 PSmin=PIFRxXR& ol&3lo] Hargaux
FE] 2R olgB|E . 2y 7] FE4

7 B4l o}z AgEA Raigon” A3 le)

fo 4y M

Hag A7t glol 2 84 G F g B &
T 2z 71ad #E F8 718y &g AH &3
o 5712 3FAE 73l ol A AlE F e
dHEZE 7L AH AT SHUAT ] =4
o] &% Al4F ghol Fold J@AAZL Lol vel
th ez AERZHT] g o7t ojg A4
FHAaqHEz AL FEAL o83 Aoz
A B B8 719 S A B b &
A e AAE £ Ude Aee Asdd. B g
Ae 213 BE B3 718y b A S8k B
7 3ELE FIldet ol ASHAN=YY )
Bt A 2Bt 3FA] oY 38YE 7 o 7
Wy e 77 BellA Kot s3] 48E EHs=
Ro] tf A&3lr] yRolth®. & A= BYg
AEEFY] 71802 2L 7] YoM 2e 737)9)
71T ez 3F 48 Ao ol Ry
TEYo] F2 QFEE7] HH-9 demand valve, <l
F3E7] RE, 713 B € &) Rl od =2
i EY) gRonhh. 3FYL XA BN
#H 24 9 rlxe] 3F Hohe NhdEhe $L Hwo)
g@oho. it xkEe] 49 HaAdHER £
atol wat vh2A vElgte s §okE a8de] Fa2
#xbel 8] T HnFrlael o8 239,
B AellA Ezleict 4 244 A7l 7169 vt
o} o] FUsA St Bz o|F A4 A7]7) 3
Bz 58 §@2te] 714 d@d el 552 4
gloll e} thEA Jepd Aoz P diak 8
% 299 713 #e AAE] HA 248
HAiPPrzo A&7} 2tz 15 2 21 cmH0=2
o oot A AE AAE 7jF BN B2
g 73R EvE2 A9 g0t Al 3o oy
HR7L Hayd Aog GAA o] F g B g
oA A LqAFTE. el M LGS 3] Ao 7]
W Fo HAE Pt FAs] olzst B A
7o At e AT AREY vRo] Rogx
HAxqrgE 2o £F0] 12 cmH.08 W& 4% 7|8
U #e] H4E oJas] Holol & Aoz Algdrt

— 385 —



B Ao A&o vlg) AdArt 52 B B
gou BAH Aolg UeiAe= XAt 2y
g d & AT BE AN ASZA R AMAL
Eoy AF tigal 47 e BAZ FARA &
e vehlA & Aoz A olHF A
ol §x4d AM-H F87|A AF R e 9T
717 82e] A3 B ohe} gzl V= AFAE ¥
¥ A7z HMgrt. 2y Bska & ATelA
= e AR o2 w2 ARAAE vepL 3o
frEAo o8 TR AR Yoz F-83HA o
29 F glega Az, a8y 2pEa H1g7)
H2o 4L 4 AFEF7)(o : Purittan-Ben-
net 7200ae) 2 E431 7A17] (o . CP-100 Bicore
monitor)7} glolof A &FAo| 7hsdtnR 3 &
7% 58 ol4T AEAE o83t fAF ke et
o A3 ¢ UeAE FF A7t Had Hor A
BET, £3 28704 AL SA] HdsiMe
#2E 383 A AL 2EFS AAsF s
ol o] Aict.

Aoz olgg FH4 o oy A4
EEz e g wet 43s] Apolrt YR ¢t
HRZF7Y 2% o]g A AaYHR R FFEE
5~10 cmH;0 ¥F ol Jeldoz HE3= A2
Q3R &S ¢ Y& Ao Alsdrh. EY {24
o2 AN HigHEEz e AFAE FdHstE
' A% Ao ASx|e} Aol worz 1A
ZHoBRE ofge] o AN YHRE &
710z o] AlmA] fEAog HAHHEZ A
& T3l Hgshs Aol doAH e HEh A
B} o AA Ho R AlgEH.

8 <
Al

FHEZYIYE 7IAZROZRE ojFA HIo|
Bo| ol&H: QFW/IHLE HPY FHEE 7F

o] ol A FQ3&H 53] HAYHEZ(min-
mal pressure support) F&olA gxte] 3] e
7} AAshE AEAE JF 2EVIR FEH og 9 7]
Ty e Bae 4 Qo e RAAT HAasHE
Bz 7o AL 3] ojF 7|zt A7isht olg
AAE 2P F Aok & AFe olgr] e
Hagtenz X9 WHE Yolra EF HA {7
FrE 22014 Ade] Foz T3 HAUYHEEA
o] Alxtgit @xje] 71Thy & FollA AFT g Aol
o] xpelg vimgo N fraoz At HA9E
HZ o) Q44 f-84E dFstnat st

A

714 Ago] A AT FLRTH ojgo] 7be
3 32} 16e dAako 2 o 7A]71(CP-100 pulmo-
nary monitor, Bicore, USA) & o|g3lo] 719 &
FUg 73 F FadFHnze] £5& HH S
a1, o]E Z 9ddAME E§ 522 (peak inspirato-
ry flow rate X total ventilatory system resistance
=minimal pressure support)& ol-&3tc] At
Hzo] £5& Y.

A 1}

gl 16W%5 14FolA 3T HAqEEze
A== 4~125 cmHO02% S ael zjolz}
Alsiginh. i 82 F 29l 742 15, 21 cmH,
0zM4 A AN By #g Hd F WD
o] Z|& FH|ER A% HHrt LAHUY. LdEAE
2% 1695 9HM F=2E ol8std HagH
Bzo| AXAE Feigon AEFXe AR vl
B 0.818 A& B}t w4 vehbe B3e B
o} AEFxet AAA ¥ Age 0.88(p=0.
002) 2 SAIEHH o2 fo3 JATAE Bt

4 B

FHB 7 Yo 23t o]" AlzA] HaUHERE
Z9o| AR L FEAE ol &3t A &g AHEsh=
Aol AR} Yoo AT e HEde A
Boh o Ug RAog Aledr

— 386 —



g o2 ¢

. Nathan SD, Ishhaya AM, Koerner SK, Belman
MJ : Prediction of minimal pressure support dur-
ing weaning from mechanical ventilation. Chest
103 : 1215, 1993

. Hughes CW, Popovich J: Uses and abuses of
pressure support ventilation. J Crit Iliness 4 : 25,
1989

. Kacmarek RM : The role of pressure support
ventilation in reducing work of breathing. Respir
Care 33 : 99, 1988

. Macintyre AR, Leatherman NE : Ventilatory
muscle loads and the frequency-tidal volume
pattern during inspiratory pressure-assisted
(pressure-supported) ventilationn. Am Rev
Respir Dis 141 : 327, 1990

. Brochard L, Harf A, Lorino H, Lemaire F : In-
spiratory pressure support prevents diagph-
ragmatic fatigue during weaning from mechani-
cal ventilation. Am Rev Respir Dis 139 : 513,
1989

. Shapiro M, Wilson RK, Gregorio C, Bloom K,

Teague RB : Work of breathing through differ-

ent sized endotracheal tubes. Crit Care Med 14 :

1028, 1986

. Katz JA, Kraemer RW, Gperde GE : Inspiratory

work and airway pressure with continuous posi-

tive airway pressure delivery systems. Chest

88 : 519, 1985

10.

11.

12.

13.

14.

15.

. Gibney RTN, Wilsion RS, Pontoppidan H:

Comparision of work of breathing on high gas
flow and demand valve continuous positive air-
way pressure systems. Chest 82 : 692, 1982
Proctor NJ, Woolson R : Prediction of
respiratory muscle fatigue by measurements of
the work of breathing. Surg Gynecol Obstet
136 : 367, 1973
Fleury B, Murciano SC, Talamo C, Aubier M,
Pariente R, Milic-Emili J : Work of breahing in
patients with chronic obstructive pulmonary dis-
ease in acute respiratory failure. Am Rev Respir
Dis 131 : 822, 1985
Fiastro JF, Habib MP, Quan SF : Pressure sup-
port compensation for inspiratory work due to
endotracheal tubes and demand continuous Posi-
tive airway pressure. Chest 93(3) : 499, 1988
NR : Pressure support ventila-
tion : Potential clinical applications. Probl
Pulmon Dis 2 : 1, 1986
Banner MJ, Kirby RR, Blanch PB : Site of pres-

sure measurement during spontaneous breathing

Macintyre

with continuous positive airway pressure : Effect
on calculating imposed work of breathing. Crit
Med 20 : 528, 1992

Smith MP, Gold PM : Resting peak inspiratory
flow rate and minute volume correlation study
(abstract). Respir care 31 : 951, 1086

Bar AG : Predictive equation for peak inspirato-
ry flow. Respir care 30 : 766, 1985

— 387 —



