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The Changes of Respiratory Mechanics by a Bronchodilator’
Inhalation Under the Variable Level of PEEP in Patients
with Acute Respiratory Distress Syndrome

Sang-Bum Hong, M.D.*, Younsuck Koh, M.D.

Division of Pulmonary and Critical Care Medicine, Pochon CHA University,
Bundang CHA General Hospital, College of Medicine, Sungsom, Korea®
Division of Pulmonary and Critical Care Medicine, Asan Medical Center,

University of Ulsan College of Medicine, Seoul, Korea

Backgrounds : Reduced lung compliance and increased lung resistance are the primary lung mechanical ab-
normalities in acute respiratory distress syndrome (ARDS). Although there is little information regarding the
mechanisms responsible for the increases in the respiratory resistance of ARDS, bronchodilators have been fre-
quently administered in mechanically ventilated ARDS patients. To determine the effect of a bronchodilator on
the respiratory mechanics depending on the level of applied positive end-expiratory pressure (PEEP), the
changes in the respiratory mechanics by salbutamol inhalation was measured under the variable PEEP level in
patients with ARDS.

Methods : Fifteen mechanically ventilated paralyzed ARDS patients (14 of male, mean age 57 years) were
enrolled in this study. The respiratory system compliance, and the maximum and minimum inspiratory
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resistance were obtained by the end-inspiratory occlusion method during constant flow inflation using the CP-

100 pulmonary monitor (Bicore, Irvine, CA, USA ). The measurements were performed at randornly applied 8,
10 and 12 cm H0 PEEP before and 30 mins after administrating salbutamol using a meter-dose-inhaler (100

ug X6).

Results : 1) The maximum inspiratory resistance of the lung was higher than the reported normal values due

to an increase in the minimal inspiratory resistance & additional resistance. 2) The maximum inspiratory

resistance and peak airway pressure were significantly higher at 12 cm HO of PEEP compared with those at

10 em H:O of PEEP. 3) Salbutamol induced a significant decrease in the maximum and the minimum inspira-
tory resistance but no significant change in the additional resistance only was observed at 12 cm H0O of PEEP
(from 15.66+1.99 to 1364 +2.41, from 10.24+2.98 to 8.04 +2.34, and from 5.42+3.41 to 550 +358 cm HO
/L/sec, respectively). 4) The lung compliance did not change at the applied PEEP and salbutamol inhalation

levels.

Conclusion : The bronchodilator response would be different depending on the level of applied PEEP despite
the increased respiratory resistance in patients with ARDS. (Tuberculosis and Respiratory Diseases 2002, 52 :

251-259)

Key words : ARDS, bronchodilator, respiratory resistance, PEEP.
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Y ostxoz ¢HgE 169 IAEE Yo 3
Aot B2 $xEqA A7Vt B¢ TLE IZA)
(midazolam) ¢} = ©] € (vecuronium) 7} Fo =
om 7igtell FoEE J B GPA = A 48412
Aol FRalgot. HEA 7|@X Ao T H A
HAgo] A AY, 2, B 1203] o)de] W
o ABEE(<35mmol/L) EE ZEF|FE
(tracheal air leakage)©o] & A= 7 d/dd
A A st

BE AENA 77E 5 7130 & AHE O
7 8mm o]4}) Aldsldct #xEA FHE A
7 AA gk 238 913 FYIHEE AlEid e
A7 Bote N B EAYA Foof TIEYY
3 fJolE o 2AE x| Gith. dAEY Ha
Yol 58.1 Al 91, 2y Bl 14:1 o|3UtH(Table
1), A7 Z2EZe B 3 JAdTHdEdN &
AT BB FET FRE ATE F FoAA
£ ottt
Al £ EYA T A R F FES Gl
A A 7 FEEelA SR EI/E 2 (volume
control mode) 7|AZ&& dh= B¢t o B4 H
A £18 Faln e TFAFANES st
e H4E 2 7AEES ZA A )
(intermittent mandatory ventilation)olA #3 &
& 45 b3z AAsin WA 31l flEd
I3 & LAz Eos MRS Ve
A& salbutamol & TE =EAA 7|mgg=o] ¢
zZ¥ 8 880 2 (salbutamol inhaler 100 ug X
6) Fodslgon® FYA FoF 308 H i &
& 29t FUA FoAHD FoAF TR &
Ziekebs 8, 10, 2 12 cmH 02 W3 AT Z
710Ut L FHolw 5 A% WAHI
AT JE FUAA FEE VA FEE O
A3 ks 2L FUAl FAdHA F 5
71ekgte A% Al A SR stact. B8] o
3 6 mi/kg 1L ¥ VIR &= @4
o wal 30-60 L/min2 AAZFA = AF VIE
Qre WAA7|R wgton), TFSE B 2082 A

Table 1. Characteristics of the study patients

Age (yrs) 58.1+18.0

Sex (M | F) 14:1

Days since ARDS 3.0+24

Diagnosis pulmonary ARDS 11

extrapulmonary ARDS 4
Malignancy 4

BMT 1

Renal failure 1

Diabetes 1
Postoperation 1
Pa0./Fi0; ratio 174

BMT : bone marrow transplantation,
Data : mean£SD.

Underlying disease

AP, 181 s Y FAEsETt 902 ©]
A2 fAET. 9F3F7]= Servo Ventilator
300 C (Simens-Elema, AB, Solna, Sweden) <}
Servo Ventilator 900 C (Simens-Elema, AB,
Solna, Sweden) & AME-3l% T

J1EQi} 7% &X | 5% 983 X FEL pneumo-
tachograph/pressure sensor (part No. 700-2-
300 Bicore, Irvine, CA, USA)E &3 = AV
(CP-100 pulmonary monitor, Bicore, Irvine, CA,
USA)s} a4sld FFsdoh. 7IfF<= pneumo-
tachograph2 Z4si@sdl, 713 Bt 7AEF
circuite] Y 943 AjeldlA A

MY o EMx|: 7 JEdde AFSEI7IA
o] Frlw HES a2k Yo ). 7= A
= 7Este] mHRe =28 wrix] siem B
3% ol Ao Et ARG T HEH F
71 Hsjatole] zlold| o3 FEE Fv|Fo R At
Huh

Csr=expired volume/(end inspiration occlu-

sion pressure-PEEP)
&7 M8 HNEIANEES(Rmax, cmH0/L/S)
F7150 o A = Fol asEE Qg Alel
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Fig. 1. Tracings of pressure at the airway opening in a mechanically ventilated patient with
ARDS with PEEP of 10 cmH,0. Airway occlusion at end-inspiration was performed at
point indicated by the arrow. This results in an immediate drop of pressure from a peak
value (Pmax) to P1 thereafter decreasing gradually to a ‘plateau’ value representing
the end-inspiratory elastic recoil pressure of the total respiratory system (P2).

zlolefl oJs Fadtl. Rmax=(peak inspiratory
pressure-end inspiratory plateau pressure)/in-
spiratory flow. HWA&e FHAF7|A 8 (ohmic
resistance ; Rmin, cmH.0/L/S)3 7183
{nonohmic resistance ; Rdr, cmH,0/L/S)o.8 &
g3t HaAge F7Y 7)Ed4% S4Koa
HYo] ZaE AHoz FIIYA(P1), FrHHA G
71 o]F HHe] t¥o] ZaHo] nPRE o]F Ay
A4 FIRATHP2) %2 (Fig. 1). HWEFYA e 3
2FUAH Bt xgte] e didd oz Ha
AL 715 % M=ALE F2, RrEAge
# Z2]9] stress adaptation®} A7t ¥]FAA (time
constant inhomogeneities) W& A7)= AP
E]l.og@q_lfi.”,l!i.

SAH 24 1 3W9 3F) FTFNE I FX2 AR
3t} SPSS 10.0 B4 Z2ade Alg-slo, 7|
A &gA AR AF 5§ ¥sk= paired t-test
2, 37]E9% AMS-A] ¥)a= Friedman analysis S
ol g3l EAEY. 7t 2AXE Wy ¥RAAR
FAIEEoH, p gkol 0.05 03}l A5 493 3}
ol& 7HE3i

d 7
1. Eojgkdet HE +Fol i S&sto| u|n

Z7|%eket 8 ecmH 08} 10 cmH 09 xjo)z= A
714, HAETIAE 2 RAAE g @)
gidou E712det 10 emH.0 39 BlSkd 12
cmH 00X HjF7|Age] <o) A Zrhsidct
(37129 10 emH:0:12.91 £4.75, 12 emH 0!
15.66 +1.99, cmH:0/L /sec, p=0.04) (Table 2).

Hu =St 9Al 718Ut 8 cmH09AM 10
emH,02 ¥FA1Z qro 570Ut 10 cmH 09
A 12 cmH 02 WHEAAL o o ®o] Zvlsidrl
(713t 10 emH0:31.9+5.7, 12 ¢cmH,0:37.
4+3.9, mmHg, p<0.01) (Table 2).

2. J[BXISER| Foi¥ ol XM ol Bl Ha
= AT W BAE] A4F 1A L1 g

B Zrtele] HE7INTS a1t 10 emH,
OollA] 827£3.70 cmH:0/L/sec2 HAX BT} =
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Table 2. Respiratory mechanics of the study patients (N =8)

PEEP (cmH:0)
8 10 12

Rmax (cmH0/L/S)

Basal 13.16 £5.44 12.91 £4.75 15.66 £1.99*

Treated 13.24 +£6.32 13.74 £5.70 1354+2414
Rmin {(cmH0/L/S)

Basal 8.68 +4.95 8.27+3.70 10.24 +2.98

Treated 8.441+4.61 8.04+2.34 8.04+234#
Rdr (cmH0/L/S)

Basal 450+2.27 464+1.76 5.42+3.41

Treated 4.80+3.23 5.19+241 5.560 +3.58
Cstat (ml/emH.0)

Basal 3156+11.9 303+124 28.2+13.2

Treated 30.9+11.7 2951116 29.1+15.2
Peak Pressure (mmHg)

Basal 30682 31.9+5.7* 37.4+39*

Treated 30.1+5.9 32.7+6.1* 36.5+4.6*
Plateau Pressure (mmHg)

Basal 2665+7.1 27.3+4.4* 31.5+3.56*

Treated 255+5.3 27.9+45* 31.5+4.4*

PEEP, positive end-expiratory pressure,treated:after bronchodilator ;Rmax and Rmin;maxi-
mal and minimal inspiratory resistance;Rdr, effective additional inspiratory resistance;Cstat,
static compliance. *indicates p<0.05 for changing PEEP level. # indicates p<0.05 for basal

vs treated by salbutamol. Data :mean +SD.

A=t FUA FodAl 37149t 8 emH 0 10
cmH 04 FHE/AE, H27 148 2 71
Ay 25 A3t ot 3712Y5H 12 cmH0
A HAE7ATe) 718383 AMF o] A
Zasleh (R A 1566+1.99, ¥ 1354+2.
41 cmH,0/L/sec, p=0.007). ol= F& H2F7A
glo] 7tad Zolvi(Fod A :1024£2.98, F:8.
04+2.34 cmH.0/L/sec, p=0.013) F7FEA gL
2 Wigo] gt A :542+£341, F:550+
3.58 cmHO/L/sec) (Fig. 2).

A=A # g4 (Total respiratory system compli-
ance)-& 57199 10 ecmH 0914 30.3+12.4 ml
/emH202 A4 (69.0 ml/emH0)'* 8} St
70t Z7H AA ¥ gL dasEe AYE

HYAT B ofnl glglon FUA T Tl
= W5 YrH(Table 2).

3. J|=atEEE § o8t W JiAmEol o|E g
FGA EAE ", Aubgs, 12)a FHE vl

B Ao} o) AbsteA B2 f-2)% Wiyt gl
(Table 3).

-y
B oA dA7F F714de (constant flow infla-

tion)olAl F712 715 #A P& AM8sle FED
FATFTAZET BAEY A, A 9 A
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Rmax, p=0.01
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Fig. 2. Change of resistance while receiving posi-
tive end-expiratory pressure of 12 cmH,0.
Rmax, maximum inspiratory resistance;
Rmin, minimum inspiratory resistance;
Rdr, effective additional resistance;pre,
before bronchodilator inhalation,post, after
bronchodilator inhalation. Data :mean +SD.

F& 710l AL V=2 o 9§ 7= Ao
i mde A8 31T I s34 wet e
Al et

BASETIEETE SN H Ao Zoh=
71 HA el §F-E2ut Al BT wizA 7] 2ha] S0
o Ao FHHLP N A} ny HAF
ZIAE ghe sz e 24 E tha,
Broseghini 5&° 8% #xjolA 71455 145 &
7184 0 cmH 0904 8.0+1.6 emH.0/L/sec2
S7HEAT I ROEY L, Pesenti 5° 119 34
AM 71AER Bt 7998 S1LUL 0 emH 00
A 2.30£0.9 cmH.0/L/sec 2 A 223} xjo}7}
Aot Buslgt). B s 15 3ol A 7
AZE B 394 712U 10 cmH 0004 8.27
£3.70 emH.0/L/secE A Jehgdsd] o83t 2}
ol thd BxIEe] 714 ) Hto) oo} H L3 Q)
TTE710 A e Aol 719E Aoz A
=3

AFEE7] 4 AFE X JdE2EFY) 5%
A, A 2L A7, 93 5854 S
A ZITERIE TEA A s A &
A= Suter &' FALAUe] AR/ EE A
Aoz Beons FAAFe vy Ruslgoe
1}, Broseghini 5&* &7)@9yo] & ¥ H4F

Table 3. Hemodynamics & arterial blood gas analysis (N=15)

PEEP (¢cmH.0)

8 10 12

Blood Pressure (mmHg)

Basal 85+17 84+14 85+17

Treated 87+14 79+14 86+16
Heart Rate

Basal 115 +23 114+19 116 £ 15

Treated 117 +22 114419 117£17
Pa0; (mmHg)

Basal 87+29 85+15 87+12

Treated 90 £ 22 93+19 94 +£17
PaCO, (mmHg)

Basal 42116 54 +28 47+ 15

Treated 50 £25 49+20 4615

PEEP, positive end-expiratory pressure;treated:after bronchodilator. Data mean £SD.
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 WE2 # ¥4 (compliance) 749} # A a}e)
S7teltt. #H Aae] ) 71 & whEAA] gkgro
AellA= ARDS 3abse] 71A187)4] 797 &
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A s 4% 5398XE= OP-
100 pulmonary monitor(Bicore, Irvine, CA,
USA)E o|&3l] SH3Id.
i ol N
1) i 8259 HUE7)1-FL 8.27+3.70 cmH,
O/L/sec® A4XEth Z7tEom, H287)1%%
2 RIHEA B Z51E907) W Reltt 2) oW
%3¢ 10 cm H,09 ¥]wA] 372kt 12 em H.0
oAlA HANF7IA g Hur=gte] ZrpEYct 3)
FYA FHA 371Ut 8 em HO 10 em H,O
dAME HHE71AF, H2ENAT 2L A
7 s gldl ot E1Lst 12 em HO oA &
Hg7IAge] Zagigon F2 Hagr1qgde) 7
2FT AL & Wge] 1K 72 15.66
£1.99 oA 13541241 92 10.24+2.9894
8.04+2340=2 IIE]3 542+34194 550+3.
58 cmH:0/L/sec & W%). 4) ¥ &4 & s/
Gt Mot FRAAl Fojoll WMo glich
4 &
ARDS &AfgellA 7]x Ago] Z7iso] glon 7|

E=FA ] o% V= M) g avh= HEW &
71 g el whet vz vebd.
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