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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, Sungsam, 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
mechanisras 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 mnspiratory
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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 randomly applied 8,
10 and 12 em H.0 PEEP before and 30 mins after administrating salbutamol using a meter—dose-inhaler (100
ug xX6).

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 cm HO 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 H:O of PEEP
{from 15.66+1.99 to 1354 +2.41, from 10.24 +2.98 to 8.04 +2.34, and from 542 £3.41 to 550358 cm HLO
/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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Table 1. Characteristics of the study patients

Age (yrs) 58.1+18.0

Sex (M I F) 14:1

Days since ARDS 30+24

Diagnosis pulmonary ARDS 11

extrapulmonary ARDS 4
Underlying disease  Malignancy 4
BMT 1 '
Renal failure 1
Diabetes 1
Postoperation 1
Pa0,/FiO; ratio 174

BMT : bone marrow transplantation,
Data @ mean-+SD.
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Fig. 1. Tracings of pressure at the airway opening in a mechanically ventilated patient with
ARDS with PEEP of 10 emH.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).
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Table 2. Respiratory mechanics of the study patients (N=8)

PEEP (cmH:0)
8 10 12

Rmax (cmH:0/L/S)

Basal 13.16 £5.44 12.91 £4.75 15.66 +1.99*

Treated 13.24+6.32 13.74£5.70 13.54+2414
Rmin (emH.0/L/S)

Basal 8.68+4.95 8.27 £3.70 10.24 +£2.98

Treated 8441461 8.04+2.34 8.04+2.344
Rdr (craH,0/L/S)

Basal 450227 464+176 542+3.41

Treated 480+£3.23 5.19+2.41 5.50+3.58
Cstat (ml/cmH,0)

Basal 31.6+119 30.3+124 282+13.2

Treated 309+11.7 205+£11.6 29.1+£16.2
Peak Pressure (mmHg)

Basal 30.6+82 31.9+57* 37.4+39*

Treated 30.1+£59 32.7+£6.1* 365+46*
Plateau Pressure (mmHg)

Basal 255+7.1 27.3+4.4* 31.5+35*

Treated 255+53 27.9+45* 31.5+44*

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.

7HE T 94 FoA] 71t 8 emH 03 10
emH 00N HdF7|AE, FAF51X8 2 2719
A% 25 "3t gidlov 571 12 cmH 00
Ae HAE7IAge] 718AZA AT o] UA

Ao (Fo A 116662199, ¥ 13542
41 emH.0/L/sec, p=0.007). o)== &g HA2F7 4
o] ZAE Aol (Fo4 A 1024+2.98, F:8.
04+2.34 cmH,0/L/sec, p=0.013) Hr}8=xjge
2 W%o] QI (Fo] " 15424341, 550+
3.58 emH,0/L /sec) (Fig. 2).

A=A # g4 (Total respiratory system compli-
ance)2 37|HAA 10 cmH 0004 30.3+124 ml
/emH202 341 (69.0 ml/emH 0)BHT} w2alt)
IUGY BV AR A B gdass Age

BHARE FARH ofv]=

e FUA Fol 5

T %S gt (Table 2).

Aol A A7) F E714E (constant flow infla-

g 715 A
A FedTTT $E

— 255 —

S Agse] 332

2 %IEH, Ha % H7HA



— 5. B. Hong, et al —
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Remin, p=0.01
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Fig. 2. Change of resistance while receiving posi-
tive end-expiratory pressure of 12 emH-0.
Rmax, maximum inspiratory resistance;
Rmin, minimum inspiratory resistance,
Rdr, effective additional resistance;pre,
before bronchodilator inhalation;post, after
bronchodilator inhalation. Data mean +£8D.
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Table 3. Hemodynamics & arterial blood gas analysis (N=15)

PEEP (emH0)

8 10 12

Blood Pressure (mmHg)

Basal 8517 84+14 85+17

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

Basal 1156+23 114+19 116 +15

Treated 117+22 114+19 117 +17
Pa0; (mmHg)

Basal 87+29 85+15 8712

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

Basal 42+16 54 +28 47+15

Treated 50+25 49120 46+15

PEEP, positive end-expiratory pressure;treated:after bronchodilator. Data mean+SD.
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