Surfactant Replacement for Respiratory Failure
Induced by Inhalation of High Temperature
Vapor in Rats
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Abbreviations . C, control; I, instilled; N, nebulized; PaCO,, arterial carbon dioxide pressure; PaQ,, arterial oxygen
pressure; PEEP, positive end-expiratory pressure; PIP, peak inspiratory pressure; S, saline; S-CK, surfactant CK
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Fig. 1. Diagram of experimental setup. Open arrows indicate
direction of oxygen flow. The rats were connected one by one
to branch circuit (¥) for inhalation of high temperature vapor.
PEEP, positive end-expiratory pressure.
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Table 1. Arterial blood gas values in the experiment for the evaluation of the effect of surfactant instillation
(experiment 1) before and after inhalation of high temperature vapor

Arterial oxygen pressure

Arterial carbon dioxide

. No. of (x*=SD, mmHg) ressure ( X =SD, mmHg)
Subjects subjects : 7 £
Before After Before After
Surfactant instilled ( I ) group 11 543+44 111£32% 2847 4379
Saline instilled (S) grou, 11 518+39 934-28% 26t4 50 11®
P

# p<0.01 vs. the values before inhalation of high temperature vapor. Before, before vapor inhallation (baseline
period) ; after, after vapor inhalation (just prior to surfactant or saline instillation).
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Fig. 2. Sequential PaO, values in the experiment for the
evaluation of the effect of surfactant instillation (experiment 1)
after inhalation of high temperature vapor. Values are X % SD.
* p<0.05 vs. saline group, ** p<0.05 vs. the values just prior to
surfactant or saline instillation (— 5 min). O, instilled group
(n=11); @, saline group (n=11).
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Fig.3. Sequential PaCO, values in the experiment for the
evaluation of the effect of surfactant instillation (experiment 1)
after inhalation of high temperature vapor. Values are X = SD.
* p<0.05 vs. saline group, ** p<0.05 vs. the values just prior to
surfactant or saline instillation (— 5 min). O, instilled group
(n=11); @, saline group (n=11).
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Fig.4. Changes of dynamic lung-thorax compliance in the
experiment for the evaluation of the effect of surfactant
instillation (experiment 1) during the baseline period, just
prior to surfactant or saline instillation, and the end of
experiment. Values are X &= SD. * p<0.05 vs. saline group.
Open bars, instilled group (n=11); solid bars, saline group
(n=11).
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e 2 i RF120.6 £ 0.2mg/ml (n=22) TH Y, ZhbHOEIZH
BEICHEBEELRO Lo 70,

3. ¥—77 2%y MEEEAEIZL S Pa0,OEL
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Table 2. Arterial blood gas values in the experiment for the evaluation of the effect of surfactant nebulization

(experiment 2) before and after inhalation of high temperature vapor

Arterial oxygen pressure

Arterial carbon dioxide

No. of +SD, Hg ressure ( X£SD, H
Subjects Sugjezts (x mmHg) pressure ( X mmHg)
Before After Before After
Surfactant nebulized (N) group 11 502+28 1064 34% 24%£3 46 14%
Control (C) group 11 55632 88 +26% 267 42£13%

* p<0.01 vs. the values before inhalation of high temperature vapor.

Before, before vapor inhallation (baseline

period) ; after, after vapor inhalation (just prior to surfactant nebulization).
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Fig.5. Sequential Pa0, values in the experiment for the
evaluation of the effect of surfactant nebulization (experiment
2) after inhalation of high temperature vapor. Surfactant
nebulization was performed for one hour. Values are X + SD.
* p<0.05 vs. control group, ** p<0.05 vs. the values just prior to
surfactant nebulization (— 5 min). [, nebulized group
(n=11); B, control group (n=11).
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Fig. 6. Sequential PaCO; values in the experiment for the
evaluation of the effect of surfactant nebulization (experiment
2) after inhalation of high temperature vapor. Surfactant
nebulization was performed for one hour. Values are X & SD.
** p<0.05 vs. the values just prior to surfactant nebulization
(=5 min). [, nebulized group (n=11); M, control group
(n=11).
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Fig.7. Changes of dynamic lung-thorax compliance in the
experiment for the evaluation of the effect of surfactant
nebulization (experiment 2) during the baseline period, just
prior to surfactant nebulization, and the end of experiment.
Values are X = SD. Open bars, nebulized group (n=11); solid
bars, control group (n=11).
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Surfactant Replacement for Respiratory Failure Induced by Inhalation of High Temperature Vapor in Rats
Toru Gakiya, Department of Anesthesiology and Intensive Care Medicine, School of Medicine, Kanazawa University,
Kanazawa 920 — J. Juzen Med Soc., 106, 420 — 427 (1997)
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Abstract

The effects of surfactant replacement on respiratory failure induced by inhalation of high temperature vapor (95-98 C)
were studied in 44 adult rats weighing 350-430 g. Experiments 1 and 2 were performed under anaesthesia with intraperitoneal
pentobarbital and mechanical ventilation with pure oxygen, 25 cmH.O peak inspiratory pressure, and 7.5 cmH.O positive end-
expiratory pressure. In experiment 1, the rats (n=22) were subjected to inhalation of the vapor for 3.7 & 1.4 min (X £ SD).
Twenty-five minutes after the inhalation, the animals developed severe respiratory failure; arterial oxygen pressure (Pa0)
decreased from 531 & 43 mmHg (n=22) to 102 &= 31 mmHg (n=22, p<0.01), arterial carbon dioxide pressure (PaCO,)
increased from 27 + 6 mmHg (n=22) to 47 £ 9 mmHg (n=22, p<0.01), dynamic lung-thorax compliance decreased to 65 =& 12
% (n=22) of the baseline value (p<0.01), and 6.1 £ 3.3 ml/kg (n=22) of lung edema fluid appeared. In the animals in the
instillation group (n=11) receiving a bolus instillation of a modified porcine surfactant (100 mg/kg in 2 ml/kg saline) into the
trachea, the PaO, increased with time, reaching 260 £ 113 mmHg (n=11) at 120 min after the instillation (p<0.05 vs. pre-
instillation value). The instillation of surfactant also led to significant improvement in the values of PaCO, and dynamic lung-
thorax compliance. While in the group (n=11) receiving the same volume of saline alone as a placebo, the values of PaO,,
PaCO, and dynamic lung-thorax compliance did not improve (p<0.05 vs. instillation group). In experiment 2, the rats (n=22)
were subjected to inhalation of the high temperature vapor for 4.0 £ 1.7 min (n=22), and the same respiratory failure occurred
as in experiment 1. In the animals (n=11) receiving aerosolized surfactant for 60 min through an ultrasonic nebulizer, the
Pa0, values increased with time, and reached 211 = 109 mmHg (n=11) at 120 min after the start of the nebulization (p<0.01
vs. pre-nebulization period), but the PaCO, and the dynamic lung-thorax compliance did not improve. In the animals (n=11)
in experiment 2 not receiving any treatment, none of the findings including PaO, improved. From these results, it was
concluded that inhalation of high temperature vapor in rats induces severe respiratory failure with pulmonary edema, and that
surfactant replacement, especially by bolus instillation into the trachea, improves both the blood gas findings and the dynamic
lung-thorax compliance.



