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EFFECTS OF HIGH-FREQUENCY OSCILLATORY VENTILATION
AND PARTIAL LIQUID VENTILATION ON ACUTE LUNG INJURY
INDUCED BY STEAM INHALATION IN NEW ZEALAND RABBITS
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SUMMARY. Objective: to investigate the beneficial effects of high-frequency oscillatory ventilation (HFOV) and partial liquid
ventilation (PLV) in treating acute lung injury induced by steam inhalation. Design: a prospective, randomized, controlled, multi-
ple-group study. Setting: an animal research centre laboratory in a university burns centre. Subjects: New Zealand rabbits (n = 30;
2.25 £ 0.25 kg) of either sex. Interventions: the animals were ventilated by HFOV with a mean airway pressure of 10 cm H,0O, a
frequency of 10 Hz, an amplitude of 20 cm H,O, an L:E ratio of 1:1, and an FiO, of 1.0. After the induction of acute lung injury
by steam inhalation, the animals were randomly assigned to receive either HFOV alone or a combined therapy of HFOV + PLV.
The animals were grouped as HFOV, HFOV + PLV, and control group (without ventilation after recovery from muscular relax-
ation). Measurements and main results: arterial blood gases, cardiovascular haemodynamics, dynamic lung compliance, and total
lung injury scores were measured. After steam inhalation, all three groups displayed low PaO, and low dynamic lung compliance.
In the control group all the animals died within 3 h. In the HFOV and HFOV + PLV groups, all the animals displayed significant
improvements in dynamic lung compliance, oxygenation, and histological outcomes; HFOV + PLV showed the best results. Con-
clusion: in a New Zealand rabbit model of steam inhalation injury, HFOV improved oxygenation, increased dynamic lung com-
pliance, and alleviated lung histological injury. Combined therapy with HFOV + PLV was clearly superior to that with HFOV

alone during the observation period.

Introduction

Severe steam inhalation injury can cause acute lung
injury (ALI), acute respiratory distress syndrome (ARDS),
and respiratory failure, which have been researched in our
university medical centre for nearly twenty years, show-
ing high mortality and morbidity both clinically and in the
laboratory. ALI is known to have many pathophysiologi-
cal consequences, including diffuse bronchoalveolar dam-
age, pulmonary oedema, lung inflammation, surfactant de-
ficiency, and deterioration of pulmonary function, and it
may progress to ARDS.** Patients with ALI have a high
mortality and often require the assistance of mechanical
ventilation, which may further aggravate the ALI owing
to the risk of barotraumas, volutraumas, and biotraumas.*
For these reasons a search for an optimal therapy of res-
piratory care to treat these patients is warranted.

To improve respiratory support and diminish the risk
of chronic lung disease, high-frequency oscillatory venti-
lation (HFOV) was developed as a rescue and lung-pro-
tective ventilation strategy. Chronic lung disease can be
reduced in pre-term infants using HFOV and a defined
strategy to improve alveolar recruitment.** HFOV has the
characteristics of low tide volume, high frequency, and a
constant, less variable airway pressure, which are an op-
timal ventilation mode for ARDS. It allows stable lung in-

88

flation and the recruitment of alveolar space, reduces the
risks of high peak airway pressure and airway stretching,
and improves V/Q matching. It is also reported that HFOV
can suppress the inflammatory response of lung tissue and
alveolar macrophages.” It can therefore be considered the
best ventilatory mode for ALI/ARDS.

PLV with perfluorocarbon (PFC) is performed by us-
ing a high-frequency oscillatory ventilator and filling the
lungs with a volume of PFC liquid equal to the function-
al residual capacity.®*® PFC is a liquid with high solubility
for oxygen and CO,. Therefore, when a gas is delivered
by a ventilator during PLV, oxygenated PFC liquid can
convey oxygen to, and remove CO, from, the alveoli, in-
cluding collapsed units in injured lungs, thus improving
gas exchange in a situation of ALI/ARDS.** It has been
suggested that PLV improves lung compliance, minimizes
the risk of barotraumas, clears airway debris, washes out
inflammatory mediators, and reduces pathological fluid in-
filtration in injured lungs; it has also been found that the
washing, cleaning, and clearing of PLV are especially suit-
able for steam inhalation injury.*

Some animal and clinical studies have demonstrated
the beneficial effects both of HFOV alone and of HFOV
with PFC pre-treatment on ALI induced by causes other
than steam inhalation.*** Hence it would seem that addi-
tional experimental data are required to define the roles of



HFOV alone and the combination of HFOV with PLV for
steam inhalation injury.

In the present study we aimed to investigate two is-
sues: 1. How HFOV can improve oxygenation, increase
lung compliance, and alleviate lung histological injury in
treating ALI induced by steam inhalation injury; 2. whether
the combined therapy of HFOV and PLV possesses syn-
ergism in the treatment of steam inhalation.

Materials and methods

All the protocols used in this study were in accordance
with the guide for the care and use of laboratory animals
published by the National Institute of Health and were ap-
proved by the Committee of Jiangxi Science Council, Nan-
chang, China.

Animal preparation. New Zealand rabbits, 2.25 + 0.25
kg, were anaesthetized with intramuscularly administered
atropine (0.1 mg/dose) and ketamine (40 mg/kg/dose) be-
fore the surgical procedures. All animals were placed in a
supine position for tracheostomy. After placing of a 4.0-
mm inside-diameter Portex uncuffed tracheal tube, HFOV
was established using a volume-controlled infant ventila-
tor (SLE5000, UK) with an MAP of 10 cm H,0O, a fre-
quency of 10 Hz, an amplitude of 20 cm H,O, an LE ra-
tio of 1:1, and an FiO, of 1.0 under muscular relaxation.
These ventilatory settings were kept constant throughout
the experiments. A 4-Fr double-lumen catheter (Arrow,
USA) was inserted into the right jugular vein for infusion,
sedation, and muscular relaxation and for the monitoring
of central venous pressure (CVP). After induction of anaes-
thesia, normal saline was infused at a rate of 15 ml/kg/h.
A 3.5-Fr umbilical vessel catheter (Arrow, USA) was
placed in the left carotid artery for continuous recording
of arterial pressure. A fine cannula catheter was placed in
the right femoral artery for blood sampling. Body tem-
perature was maintained at approximately 39 + 0.5 °C
throughout the experiment with a servo-controlled heating
blanket.

Physiological monitoring. Throughout the experiment,
CVP and carotid mean blood pressure were monitored and
recorded every hour using pressure transducers on a mul-
ti-channel thermal array recorder (Japan). Respiratory flow
and ventilator mechanical parameters were monitored con-
tinuously during observation of the experiment and record-
ed every hour via the monitoring device of the SLE 5000
infantile ventilator; the ventilation mode was changed to
conventional mandatory ventilation with a tide volume of
10 ml/kg, a frequency of 30 cycles/min, an I:E ratio of
1:1, and an FiO, of 1.0. Arterial blood samples were tak-
en for measurements of pH, PaO,, PaCO,, and oxygen sat-
uration using an automatic blood gas system (Denmark).

Steam generation and induction of ALIl. Steam came
from a controlled temperature and pressure electronic de-
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vice made by our own university.”® When the parameter
settings of temperature (110 °C) and pressure (0.04
mPa/cm?) were obtained, the ejecting time was adjusted to
1 sec. The steam of 1 sec was ejected from the rubber
tube, which caused repeated scalding by ejecting steam in-
to the intubation of prepared rabbits three times. The steam
scalding interval was 5 min. After steam inhalation, the
animals were observed for 60 min, during which time they
were given an additional 100 ml of normal saline. Arteri-
al blood gases were measured every 10 min until PaO, de-
creased to 200 mm Hg at FiO, 1.0 and Cdyn decreased to
60% of the mean pre-injury value. Animals not matching
the criteria were excluded.

PLV. After induction of ALI the lungs were filled with
room-temperature, pre-oxygenated (bubbling with pure
oxygen 3-5 ml/min for 5 min) PFC (6 ml/kg/h, once per
h [England]), via a side port of the endotracheal tube adap-
tor within 5-10 min. Gas ventilation of the liquid-filled
lungs was continued at pre-installation settings.

Histological preparations and examinations. Immedi-
ately after excision, the airways and lungs were fixed by
immersion in a 10% formaldehyde solution for 24 h. Four
blocks (0.5-1.0 cm?), including non-dependent and depen-
dent sites of the right lung, were obtained. Tissue speci-
mens were embedded in paraffin and cut into sections,
which were subsequently stained with haematoxylin and
eosin. The sections were examined in blinded manner us-
ing light microscopy and scored by a qualified pathologist
using a quantitative scoring system. The injury variables
scored were alveolar and interstitial inflammation, alveo-
lar and interstitial haemorrhage, oedema, atelectasis, and
necrosis, as described in other studies. Injury severity was
graded according to the following scale: no injury = 0; in-
jury to 25% of field = 1; injury to 50% of field = 2; in-
jury to 75% of field = 3; diffuse injury = 4. Multiple (>10)
fields of section for each tissue sample were examined in
order to minimize regional variations.

Experimental protocol. In total, 30 animals were used
in this study. After initial instrumentation, stabilization,
and measurement of pre-injury base data, ALI was induced
by steam inhalation. After induction of ALI, a period of
60 min was allowed for stabilization before post-injury
physiological data were measured. Three animals did not
reach the criteria of ALI at 60 min after induction and
were thus excluded from the study. After meeting the ALI
criteria, 27 animals were then randomly assigned to one
of three groups: 1. HFOV group (n = 9), treated with
HFOV only; 2. HFOV + PLV group (n = 9), treated with
a combined therapy of HFOV and PFC; 3. control group
(n =9), no ventilation treatment. Physiological post-ther-
apy data were measured at 1-h intervals for a total of 4 h
or until death. At the end of the observation period, the
animals were euthanized with a high dose of 15% potas-
sium chloride. After the animals had been euthanized, the
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Table | - Effects of steam inhalation on gas exchange, dynamic compliance, and haemodynamic variables in three groups of New Zealand rabbits

Time Group Weight Age Pao, PaCoO, Heart rate
(kg) (days) (mm Hg) (mm Hg) (beats/min)
Pre-injury Control 2.25 +0.21 80 £3 7.37 £ 0.04 4745 £ 21.35 35.0 £ 2.67 230 £ 16
HFOV 247 £ 0.18 80 £ 2 7.41 + 0.06 482.4 + 27.66 35.1 £ 2.96 218 = 17
HFOV+PLV 2.45 + 0.27 80 +4 7.39 + 0.04 479.2 + 19.28 34.8 + 2.75 220 + 14
Post-injury Control - - 7.28 + 0.05° 160.6 + 17.19° 29.3 + 3.19 230 + 18
HFOV - - 7.26 + 0.04° 158.0 + 19.42° 30.5 + 3.66 225 + 16
HFOV+PLV - - 7.29 + 0.08° 163.1 + 21.33° 29.9 + 2.82 231+ 21
Time Group MBP CVP Cdyn Resistance
(mm Hg) (cm H,0) (ml/cm H,O/kg) (cm H,0/lfs)
Pre-injury Control 78 +3 3 ! 1.52 £ 0.13 175.36 + 28.26
HFOV 76 £ 2 31 149 +0.11 168.28 + 31.42
HFOV+PLV 75+2 30 1.50 + 0.20 170.64 + 29.97
Post-injury Control 77+3 2+1 0.75 £ 0.11° 239.52 + 23.15°
HFOV 76 +3 20 0.73 £ 0.14° 240.49 + 23.15°
HFOV+PLV 752 2+1 0.78 £ 0.17° 237.56 + 21.87°

Cdyn = dynamic lung compliance; MBP = mean arterial pressure; CVP = central venous pressure; resistance = airway resistance; control = no
ventilation; HFOV = high-frequency oscillatory ventilation alone; HFOV+PLV = combined therapy of HFOV+PLV; PLV = partial liquid ven-

tilation.
“p < 0.05 vs the corresponding pre-injury data.
Data are expressed as the mean + SEM

Table Il - Changes in arterial PaO,, PaCO,, and pH over time in New Zealand rabbits with steam inhalation injury in the various treatment groups

Time point Pa0, (mm Hg) PaCO, (mm Hg)

Control HFOV HFOV+PLV Control HFOV HFOV+PLV
0h 161.6 + 19.4 1585 + 17.7 163.1 + 21.3 293+ 3.1 305+ 36 295+ 238
1h 76.5 + 17.4 285.7 + 23.4° 297.7 + 18.4* 46.1 + 9.7 314 +238 3/55+71
2h 40.4 + 24.6 318.6 + 24.2° 340.6 + 30.6* 66.8 + 8.5 355+ 29 404 22
3h - 2415 + 26.1° 279.8 + 40.2* - 417+ 28 423 +35
4 h - 198.6 + 36.1° 225.8 + 38.4* - 51779 50.2 + 6.5
Time point pH

Control HFOV HFOV+PLV

0h 7.28 + 0.05 7.26 + 0.04 7.29 + 0.03
1h 7.02 + 0.35 7.32 + 0.03° 7.41 + 0.03
2h 6.67 + 0.16 7.40 + 0.04° 7.40 + 0.02°
3h 7.38 + 0.05° 7.43 £ 0.04°
4 h 7.31 + 0.04° 7.32 £ 0.01°

Control = no ventilation; HFOV = high-frequency oscillatory ventilation alone; HFOV+PLV = combined therapy of HFOV+PLV; PLV = par-

tial liquid ventilation.

Within-group analysis: * p < 0.05 vs post-injury. Between-group analysis: ® p < 0.05.

Data are expressed as the mean + SEM.

trachea was clamped at the end of expiration with a pos-
itive end-expiratory pressure of 5 cm H,O and the lungs
were removed for histological preparations.

Statistical analysis. For each time point measured (pre-
injury, post-injury, post-treatment), comparisons of car-
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diopulmonary data among the groups were evaluated by
one-way analysis of variance, followed by Fisher’s least
significant difference procedure when appropriate. Com-
parisons of baseline and post-injury data within each group
were made using a paired Student’s t-test. A two-way re-



peated measures analysis of variance on a one-factor gen-
eral linear model was further used to compare the contin-
uous cardiopulmonary data as a function of both time and
group, followed by the Student-Newman-Keuls test for
multiple comparisons. The histological scores were com-
pared using the Kruskal-Wallis test followed by the Mann-
Whitney U test for pair-wise comparisons. The data are
presented as the mean £ SEM. Significance was accepted
at the p < 0.05 level.

Results

Mean body weight and age did not vary significantly
in the three groups (Table I). Also, before steam inhala-
tion, the mean arterial blood gases, arterial pH, Cdyn, heart
rate, MAP, and CVP did not vary in the three groups
(Table I). Immediately after induction of ALI, all the an-
imals developed evidence of severe lung injury character-
ized by a significant decrease in mean Cdyn to a value of
less than 60% of its baseline, a dramatic increase in mean
airway resistance up to a value of more than 150% of its
baseline, and a dramatic decrease in mean PaO, to a lev-
el of less than 200 mm Hg (Table I). In addition, a sig-
nificant decrease in mean arterial pH after steam inhala-
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tion was noted (Table I). However, mean PaCO,, heart
rate, MAP, and CVP did not significantly change in these
animals immediately after induction of ALI (Table I).

Changes in arterial blood gases and arterial pH dur-
ing the 4-h observation period are presented in Table II.
As can be seen, the mean values of PaO,/FiO, with HFOV
treatment displayed a trend of improvement over time com-
pared with post-injury. HFOV + PLV showed better re-
sults with PaO,/FiO, over time versus the HFOV group,
and the control group had the worst result, with all ani-
mals dying within 3 h. Both the HFOV and the HFOV +
PLV groups had their best PaO, at the 2-h time point.
However, the changes in the mean values of PaCO, and
pH fluctuated over time, without attaining statistical sig-
nificance regarding HFOV and HFOV + PFC, except when
comparing the corresponding post-injury values.

Table 11l shows the changes in heart rate, MAP, and
CVP during the 4-h observation period. In the HFOV and
the HFOV + PLV groups, the mean values of heart rate,
MAP, and CVP remained fairly stable over time, except
that the heart rate and MAP measured at the 4-h time point
were significantly lower.

Table IV shows the changes in Cdyn and resistance
during the 4-h observation period. There were significant

Table 111 - Changes in heart rate (HR), mean blood pressure (MBP), and central venous pressure (CVP) over time in New Zealand rabbits
with steam inhalation injury in the various treatment groups

Time point HR MBP CVP

Control HFOV  HFOV+PLV  Control HFOV  HFOV+PLV  Control HFOV  HFOV+PLV

Oh 230 £18 225+ 16 231 +21 77 +£3 76 £ 3 75+ 2 3+1 3+1 3+1

1lh 320 £ 28 215+ 25 312 £ 12 63 5 77 x4 77 £ 2 32 3x1 3x1

2h 83+34 210+29 310+ 14 32+8 78+3 76 +2 3+2 3+2 3+2

3h - 228 + 26 314 + 20 - 72+4 73+3 - 4+£2 4+£2

4h - 160 + 28° 180 + 12* - 50 = 5° 51 + 3¢ - 4+2 4+£2

Control = no ventilation; HFOV = high-frequency oscillatory ventilation alone; HFOV+PLV = combined therapy of HFOV+PLV; PLV = par-

tial liquid ventilation.
Within-group analysis: * p < 0.05 vs post-injury.
Data are expressed as the mean + SEM.

Table 1V - Changes in dynamic lung compliance (Cdyn) and airway resistance over time in New Zealand rabbits with steam inhalation injury

in the various treatment groups

Time point Cdyn (ml/cmH,0/kg) Resistance (cmH,O/I/s)

Control HFOV HFOV+PLV Control HFOV HFOV+PLV
0h 0.75 £ 0.11 0.73 £ 0.14 0.79 £ 0.17 2395 + 178 2404 = 23 2375 + 218
1lh - 0.97 £ 0.18° 1.04 + 0.25° - 210.3 £+ 26.4° 200.8 + 20.1°
2h - 1.30 + 0.28° 1.42 £ 0.11% - 208.6 £ 20.7¢ 1704 + 18.9*
3h - 1.18 + 0.24° 1.26 + 0.29" - 225.8 £ 25.5° 190.3 + 24.2°*
4h - 0.84 £ 0.26° 0.97 + 0.25" - 236.4 + 34.2 201.4 + 42.2*

Control = no ventilation; HFOV = high-frequency oscillatory ventilation alone; HFOV+PLV = combined therapy of HFOV+PLV; PLV = par-

tial liquid ventilation.

Within-group analysis: * p < 0.05 vs post-injury. Between-group analysis: * p < 0.05.

Data are expressed as the mean + SEM.
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Table V - Lung injury scores in New Zealand rabbits with steam inhalation injury in the various treatment groups

Group Alveolar Interstitial Alveolar Interstitial
inflammation inflammation haemorrhage haemorrhage
HFOV Mean 0.7+0.2 09 +04 15+05 1.1+04
Dependent 0.8 +0.1 1.0+ 0.3 1.7+06 1.2+05
Nondependent 04 +£0.2° 0.8 +0.4 1.4 +0.3 1.1+0.3
HFOV Mean 04 +0.2° 09+0.3 1.2+ 0.3 1.0+05
+PLV Dependent 05+0.1° 09 +0.2 1.3+03 1.1+03
Nondependent 03+0.2 09+04 1.1+ 04 1.0+ 05
Group Oedema Necrosis Atelectasis Total
HFOV Mean 22+03 0.9 +05 19+05 92+04
Dependent 23104 0.9 £ 0.6 21106 10.1 £ 0.3
Nondependent 21+£0.2 09 +0.3 1.8 £0.3 8.7+0.2
HFOV Mean 1.6 £ 0.2 09 +0.3 14 +05 7.3+03
+PLV Dependent 1.6 £+ 0.6° 0.9 +04 1.7+05 8.1+ 04°
Nondependent 15+ 0.3 09 +0.1 1.3+ 04 7.0+ 0.3

Control = no ventilation; HFOV = high-frequency oscillatory ventilation alone; HFOV+PLV = combined therapy of HFOV+PLV; PLV = par-

tial liquid ventilation.

*p < 0.05 vs the HFOV group of the corresponding data.

°p < 0.05 vs the data of the dependent site in the same group.
Data are expressed as the mean + SEM.

changes in Cdyn and resistance compared with the zero-h
time point. Also, at the 2- and 3-h time points, the HFOV
+ PLV group showed significantly better results in Cdyn
and resistance than the HFOV alone group.

Table V shows light-microscopy assessments of lung
tissues. As can be seen, marked pulmonary vascular con-
gestion, alveolar haemorrhage, atelectasis, and inflamma-
tory infiltration are visible in lung specimens of HFOV
and of HFOV + PLV. These injury signs were greatly al-
leviated in lung specimens of HFOV + PLV. Table V pre-
sents the detailed data of semiquantitative lung injury scores
of the dependent and non-dependent sites in each group.
The lung injury scores in each injury variable presented
no significant differences between dependent and non-de-
pendent sites in each group, except for the analysis for
oedema in the HFOV and the HFOV + PLV groups. When
the injury scores from these two sites were summed together,
the total lung injury scores in the HFOV + PLV group were
significantly lower than those in the HFOV group.

Discussion and conclusions

The present study demonstrates the therapeutic effects
of both HFOV alone and the combination of HFOV and
PLV on ALI induced by steam inhalation injury during a
4-h experimental period. Compared with results in the
HFOV group, animals treated with HFOV and PLV dis-
played better oxygenation, more favourable Cdyn, lower
resistance, and more moderate lung tissue injury. The ef-
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Fig. 1 - Lung histology (X200) of rabbits with steam inhalation in-
jury in the various modes of ventilatory therapy. HFOV = high-fre-
quency oscillatory ventilation; PLV+HFOV = combined therapy of
partial liquid ventilation and high frequency oscillatory ventilation.
Note that tissues in the HFOV groups displayed more serious pul-
monary vascular congestion, alveolar haemorrhage, atelectasis, oede-
ma, necrosis, and inflammatory infiltration than tissues in the
PLV+HFOV groups.

fect of this rescue therapy did not however last through-
out all the experiment period, showing a peak at the 2-h
time point.

The major therapeutic effect of HFOV on ALl is known
to be due to the characteristics of high frequency, low vol-
ume, and constant and less variable airway pressure, which



are now considered the optimal ventilation mode for ALI
owing to the finding that it opens alveolar space and pre-
vents atelectasis, avoids alveolar shearing and airway
stretching, and decreases the risk of barotraumas and vo-
lutraumas. It has been shown to be effective in treating
ALl in animals induced by repeated saline lavage and
ARDS in pre-term infants. Recently it has been reported
that HFOV can suppress inflammatory reactions in venti-
lated lung tissue.*”

The improvements made by PLV in ALI have main-
ly been attributed to alleviations of alveolar inflammation,
alveolar haemorrhage, pulmonary oedema, and atelecta-
sis. It has been reported as successfully treating ALI due
to various causes in clinical practice and in the animal
laboratory.®® In our study we applied PLV within 1 h of
steam inhalation injury. Our results are in good agreement
with those reported by Fitzpatrick et al.,** who demon-
strated that the application of PLV within 60 min of the
induction of smoke inhalation injury produced improve-
ments in oxygenation, lung pathology, and survival rates
in neonatal piglets. In contrast, Harrington et al.” showed
that delayed PLV performed within 2 to 6 h of the in-
duction of steam inhalation injury showed no efficacy in
the treatment of ALI using a similar model. Hence, it is
evident that early application of PLV is required to ob-
tain beneficial effects in the treatment of ALI induced by
steam inhalation. It is well documented that the dosing
strategy to perform PLV may influence the outcome.*®"
In this study, we gave an initial volume of PFC near to
functional residual capacity with an hourly replacement at
a dose of 6 ml/kg/h. This dosing strategy was sufficient
to produce beneficial effects on gas exchange, lung com-
pliance, and historical outcomes in our model. It was
shown in a small animal model that a PFC dose at a vol-
ume of function residual capacity caused the most signifi-
cant improvements in oxygenation.” Small doses of PFC
may allow the use of small tidal volumes as the lung pro-
tective ventilatory strategy to achieve improvements in
histological outcomes and survival rates.” In this experi-
ment we achieved the best result when we used HFOV
and a small dose (6 ml/kg/h) of PFC to treat ALI induced
by steam inhalation.

Although the efficacy of a combination therapy of
HFOV and PLV has not been studied in steam-induced
ALL, it has been investigated in other ALI and ARDS mod-
els.*** Baden et al." reported in their piglet model of saline
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lavage-induced acute lung injury that low-dose (3 ml/kg)
perflubron significantly increased arterial oxygenation
compared with animals treated with HFOV alone, although
additional doses of perfluorocarbon beyond the original
dose of 3 ml/kg failed to demonstrate significant im-
provements in oxygenation. They conjectured that oxy-
genation was maximized only with small doses of perflu-
orocarbon in an HFOV setting and that increased doses of
perfluorocarbon were not necessary to further recruit alve-
oli. However, the lack of attempts to optimize lung vol-
ume by modification of HFOV settings according to each
successive dose of perfluorocarbon makes their results dif-
ficult to interpret. The dose we used (6 ml/kg/h) of PFC
was based on our previous study.” In the present study,
we modified the settings so as to increase inspiratory time
to 50% and amplitude to 20 cm H,O and to decrease fre-
quency to 10 Hz during HFOV in order to achieve ade-
quate chest wiggle in anaesthetized piglets immediately af-
ter the instillation of PFC. There have also been several
negative studies regarding the combined effect of HFOV
and PLV. The investigation conducted by Gothberg et al.*
with a pre-term lamb model of respiratory distress syn-
drome suggested there were no significant differences in
arterial oxygen tension or oxygenation index between the
HFOV and the HFOV + PLV group. The result of Doc-
tor et al.’s experiment” with a swine model of lavage-in-
duced ALI is similar, in that they did not demonstrate a
significant improvement in oxygenation when PFC was
added to HFOV. The cause of the varying results could
be the different animal model with different causes of dam-
age and treatment parameters of HFOV or conventional
mandatory ventilation. In our experiment we obtained pos-
itive results using a combination therapy of HFOV and
PLV to treat ALI induced by steam inhalation.

Despite the fact that lung conditions were improved
by these rescue therapies, the arterial blood pressure and
heart rate of all the animals studied deteriorated in the last
1-h period and oxygenation PaO,/FiO, became gradually
lower after the peak of 2-h time point, which may reflect
deterioration of the cardiac function resulting from hy-
potension. Therefore, apart from advances in respiratory
care therapy, it is conceivable that effective anti-inflam-
matory or other therapy may be required to manage ALI
and AIDS induced by steam inhalation, such as aetiolog-
ical treatment and anti-infection, a notion that will be fur-
ther investigated in the future.

RESUME. Objectif: investiguer les effets bénéfiques de la ventilation oscillatoire & haute fréquence (VOHF) et de la ventilation
liquide partielle (VLP) dans le traitement des Iésions aigués pulmonaires induites par I’inhalation de vapeur. Dessin: une étude pro-
spective, randomisée, contrdlée et a groupes multiples. Environnement: le laboratoire d’un centre de recherche sur les animaux dans
un centre universitaire des brdlés. Sujets: des lapins néo-zélandais (n = 30; 2,25 + 0,25 kg) des deux sexes. Interventions: les ani-
maux ont été ventilés moyennant la VOHF avec une pression moyenne des voies aériennes of 10 cm H,O, une fréquence de 10
Hz, une amplitude de 20 cm H,O, un rapport I:E de 1:1 et un FiO, de 1.0. Aprés I’induction des lésions aigués pulmonaires par
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I’inhalation de vapeur, les animaux ont regu au hasard ou la seule VOHF ou une thérapie associée de VOHF + VLP. Les animaux
ont été groupés comme VOHF, VOHF + VLP et groupe témoin (sans ventilation apres le rétablissement a la suite du relachement
musculaire). Mesures et résultats principaux: les gazes hématiques artériels, I’hémodynamique cardiovasculaire, la compliance pul-
monaire dynamique et les scores totaux des lésions pulmonaires ont été mesurés. Apres I’inhalation de vapeur, tous les trois grou-
pes ont démontré un PaO, bas et une compliance pulmonaire dynamique basse. Dans le groupe témoin tous les animaux sont morts
en moins de 3 h. Dans les groupes VOHF et VOHF + VLP, tous les animaux ont démontré des améliorations significatives dans
la compliance pulmonaire dynamique, I’oxygénation et les résultats histologiques; la VOHF + la VLP présentaient les meilleurs ré-
sultats. Conclusion: dans un modele de lapins néo-zélandais de lésions par inhalation de vapeur, la VOHF améliorait I’oxygéna-
tion, augmentait la compliance pulmonaire dynamique et allégeait les lésions histologiques pulmonaires. La thérapie associée de
VOHF + VLP était manifestement supérieure a la seule VOHF pendant la période de I’observation.
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