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Pressure-limited ventilation with permissive
hypercapnia and minimum PEEP in saline-
lavaged rabbits allows progressive
improvement in oxygenation, but does not
avoid ventilator-induced lung injury

Abstract Objective: To determine
whether pressure-limited intermit-
tent mandatory ventilation with
permissive hypercapnia and posi-
tive end-expiratory pressure
(PEEP) titrated to arterial oxygen
tension (PaQ,) prevents or reduces
acute lung injury, compared to
conventional ventilation, in saline-
lavaged rabbits.

Design: Prospective randomised
trial.

Setting: University animal labora-
tory.

Subjects: 18 New Zealand White
rabbits.

Interventions: Following five se-
quential saline lung lavages, anaes-
thetised rabbits were randomly
allocated in pairs to receive either of
two ventilation protocols using
intermittent mandatory ventilation.
The study group had peak inspira-
tory pressure limited to 15 c¢cm H,0
and arterial partial pressure of
carbon dioxide (PaCO,) was al-
lowed to rise. The control group
received 12 ml/kg tidal volume with
rate adjusted for normocarbia.
PEEP and fractional inspired oxy-
gen (F10O,) were adjusted to
maintain PaQ, between 8 and
13.3kPa (60 and 100 mm Hg) using
a predetermined protocol. At 10 h
or following death, lung lavage
was repeated and lung histology
evaluated.

Measurements and main results: The
mean increase in lavage cell counts
and protein concentration and hya-
line membrane scores were not
significantly different between the
groups. Oxygenation progressively
improved more in the study group
(p = 0.01 vs control for PaO,/F10,
ratio and alveolar-arterial oxygen
tension gradient (AaDQO,)). PEEP
was similar and the mean airway
pressure higher in the control
group, suggesting that this probably
resulted from less ventilator-
induced injury in the study group.
Four deaths occurred in the control
group (three due to pneumothorax
and one to hypoxaemia) and none
in the study group (p = 0.08).
Conclusions: This ventilatory pro-
tocol may have failed to prevent
lung overdistension or it may have
provided insufficient PEEP to pre-
vent injury in this model; PEEP
greater than the lower inflection
point of the pressure-volume curve
has been shown to prevent injury
almost entirely.

Key words Adult respiratory
distress syndrome - Artificial
respiration - Permissive
hypercapnia - Peak inspiratory
pressure - Ventilator-induced lung
injury - Saline lavage
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Introduction

It has been demonstrated in a variety of animal models
that controlled mechanical ventilation with a high peak
lung volume, or with a low end-expiratory volume in
surfactant-depleted lungs, can result in acute lung in-
jury characterised by hyaline membranes, granulocyte
infiltration and ultimately fibrosis [reviewed in 1-3].
The lung injury appears to cause an inflammatory
response; increased systemic vascular permeability was
associated with ventilator-induced lung injury in the
saline-lavaged rabbit model [4], and Burger et al. [5]
demonstrated that indomethacin or thromboxane-A2
receptor blockade prevented the pulmonary hyperten-
sion which otherwise occurred. High volume ventila-
tion in rats increased the concentration of interleukin
1-beta in lung lavage fluid [6] and, following an endo-
toxin challenge, high volume ventilation up-regulated
the production of tumour-necrosis factor alpha in
the lung [7]. The activation of an inflammatory re-
sponse as a result of ventilator-induced injury in pa-
tients with adult respiratory distress syndrome (ARDS)
could possibly augment the development of multiple
organ failure and could potentially have an important
effect on mortality from causes other than respiratory
failure.

In the saline-lavaged rabbit model, lung injury
has been demonstrated using a tidal volume (Vt) as
low as 12 ml/kg and peak inspiratory pressure (PIP)
as low as 20 cm H,O [4, 8] if ventilation occurs with
a low end-expiratory volume. The avoidance of
phasic lung distension using apnoeic oxygenation and
extracorporeal CO, removal, almost completely pre-
vents lung injury in this model [8]. Positive end-
expiratory pressure (PEEP) greater than the pressure
at the lower inflection point of the respiratory static
pressure-volume curve also appears to protect
against lung injury during mechanical ventilation in
this model [9-11], possibly by maintaining the pat-
ency of small airways throughout the respiratory
cycle and preventing shear forces produced during
the repetitive opening of closed airways and alveoli
[9,12].

Pressure-limited  ventilation with  permissive
hypercapnia has been suggested as a possible method
of minimising ventilator-induced lung injury in ARDS
[13-16], but has not yet been adequately evaluated
in controlled clinical trials. This study was undertaken
to determine whether ventilator-induced injury in the
saline-lavaged rabbit model is avoided, or reduced
in comparison to that produced by conventional
ventilation, by a protocol in which PIP is limited
to 15cmH,O and PEEP titrated to maintain
arterial oxygen tension (PaQO,) more than 8kPa
(60 mm Hg) with fractional inspired oxygen (FI1O,) of
0.6 or less.

Methods

Overall study design

Animals were studied in pairs. Following anaesthesia, instrumenta-
tion, saline lavage of the lungs and baseline measurements, one
animal from each pair was randomly allocated to the pressure-
limited permissive hypercapnia group and the other to the control
group. Ventilation continued for 10 h or until death, when a final
lung lavage was performed. Study endpoints were change in cell
counts and protein concentration from initial to final lung lavage,
lung histology, arterial oxygen tension to inspired oxygen fraction
(Pa0,/FI0,) ratio, alveolar to arterial oxygen tension gradient
(AaDOQ,), respiratory index ([mean airway pressurex AaDO,/
Pa0,]/100) [17] and death.

Ventilators used

Bear Cub ventilators (Bear Medical Systems, Inc., Riverside,
California) were used for this study. These paediatric ventilators
provide a constant flow rate of air-oxygen mixture, which is de-
livered to the animal when the expiratory valve is closed and
continues to flow in the circuit when the expiratory valve is open.
The delivered Vtis the gas flow rate multiplied by the set inspiratory
time. A pressure relief valve diverts the fresh gas flow to atmosphere
if the inspiratory pressure limit is exceeded, in which case Vt is
reduced by the amount of diverted gas. When the inspiratory pres-
sure limit is exceeded, spontaneous inspiratory effort can increase Vt
and lung distension by increasing the inspiratory flow to the animal,
thus decreasing the amount of diverted gas through the pressure
relief valve. When the inspiratory pressure is below the pressure
limit, the preset inspiratory gas flow rate can not be exceeded, and
the effect of inspiratory effort is then to reduce the inspiratory
pressure without altering Vt. Spontaneous breaths can occur with an
inspiratory flow rate not exceeding that of the continuous gas flow.

Animal preparation

Adult New Zealand White rabbits (3-4 kg) were anaesthetised with
halothane in 100% oxygen and a 3.5 mm endotracheal tube was
inserted 3 cm into the trachea through a tracheostomy incision. The
endotracheal tube was cut at the 12 cm mark and tied firmly to
prevent any air leak. Cannulae were inserted into a carotid artery for
pressure monitoring and blood sampling and a jugular vein for
intravenous fluid replacement. Normal saline was infused at 3 ml/kg
per h. The animals were ventilated using a flow rate of 5 1/min, an
inspiratory time of 0.7 s, a mandatory rate of 30 breaths/min, a FIO,
of 1.0, and 3 cm H,O PEEP. The inspiratory pressure limit was set
to give a peak inspiratory pressure of 15 cm H>O. The lungs were
then lavaged with 15 ml/kg of normal saline at 37 °C using a modifi-
cation of the technique described by Lachmann et al. [18] and the
aspirated saline was evaluated by cell counting and cytospin for
differential cell counts (see below), and for total protein concentra-
tion. The lavage procedure was repeated a further 4 times at 5-min
intervals. The animals were ventilated with an FIO, of 1.0 between
lavages. Arterial blood (0.4 ml) was then sampled for blood gas
analysis. The lungs were inflated with 100% oxygen from a syringe
to a volume of 12 ml/kg, and the airway pressure at this volume
recorded. One animal from each pair was then randomly allocated
to the study group and the other to the control group.

Ventilation protocols

In the study group animals ventilation was continued with the
inspiratory pressure limit set at 15 cm H,O, an inspiratory time of
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0.7 s, mandatory rate of 30/min, inspiratory flow of 51/min, and
PEEP of 3cmH,0. The inspiratory pressure limit was always
reached, so that inspiratory effort could increase Vt and lung disten-
sion during mandatory breaths. Arterial partial pressure of carbon
dioxide (PaCQ,) was aliowed to rise; if the PaCQ, fell below 8 kPa
(60 mmHg) the mandatory rate was decreased incrementally to
a minimum of 4/min and if it exceeded 13.3 kPa (100 mm Hg) the
rate was increased incrementally to a maximum of 40/min.

In the control group animals the inspiratory time was set at 0.7 s,
PEEP at 0 cm H,O, and the flow rate was then adjusted to obtain
a peak inspiratory pressure the same as the pressure obtained at
a volume of 12 ml/kg following the sequential lung lavages, thus
obtaining an estimated Vit of 12 ml/kg. PEEP was then set at
3 ¢cm H,O and the mandatory rate at 20/min. The inspiratory pres-
sure limit was set at 28 cm H,O (the PIP was limited to 28 cm H,O
in order to prevent early deaths from pneumothorax, which occur-
red in most animals during a pilot study when using a higher PIP).
The mandatory rate was subsequently adjusted to maintain the
PaCO; in the range of 4.6-6 kPa (35-45 mm Hg) when possible,
with a minimum rate of 4/min and a maximum of 60/min. The actual
Vt would be somewhat less than 12 ml/kg as the PIP was set during
flow; we were unable to obtain an end-inspiratory pause with these
ventilators. However, the flow rates used were relatively low and we
do not believe that the Vt would have been substantially less than
12 ml/kg. The exact Vt was not critical in this study, and other
studies with this animal model have shown the development of
severe lung injury at similar levels of PIP [4,5].

In both groups PEEP and FIO, were subsequently adjusted to
maintain PaQ, in the range of §-13.3 kPa (60-100 mm Hg) when
possible, using a predetermined algorithm; to increase PaO,, the
FIO, was increased incrementally to 0.6, PEEP was then increased
incrementally from 3 to 15cmH;0, and FIO, was increased in-
crementally from 0.6 to 1; to decrease PaO, the same sequence was
followed in reverse order. In both groups an additional 5 ml of saline
was administered if the animal became hypotensive (systolic pres-
sure < 60 mm Hg, and not corrected by reduced halothane). Anaes-
thesia was maintained throughout the study with halothane at
a concentration of 0.5-2%.

Measurements

Blood gases and physiological parameters were recorded at baseline,
following lavage, every 30 min for 4 h, every hour for the next 4 h and
at 10h. After 10h, surviving animals were sacrificed using intra-
venous pentobarbitone. Immediately after death the lungs were
again lavaged with 15 ml/kg of normal saline at 37°C, and the
aspirated fluid was evaluated for total and differential cell counts
(see below) and total protein concentration. The lungs were then
inflated with formalin via the endotracheal tube to a pressure of
25 ecm H,O for 20 min, excised, the trachea ligated and the lungs
immersed in formalin for 12h. The lungs were then prepared for
histology using standard methods, and sections from each lung were
scored for hyaline membranes (see below).

Processing of lavage fluid

After gentle mixing, aliquots of unfiltered lavage fluid were placed in
a Nebauer haemocytometer and total nucleated cell counts under-
taken in duplicate. Aliquots of 3 ml of lavage fluid were then spun at
2000 rpm for 10 min and the supernatant frozen at — 80 °C for later
biochemical analysis. Cytospin preparations were made following
red cell lysis and stained with Wrights-Geimsa. Differential cell
counts were performed in duplicate by one observer. The results for
total and differential cell counts are expressed as a change from
baseline (i.e. final lavage minus initial lavage data).

Protein analysis

The total protein concentration in the initial and final lavage fluid
was measured using the Bio-Rad protein assay (Bio-Rad, Richmond,
California, USA).

Histological scoring

After fixation with 10% formol saline, a complete section of each
lobe of the lungs was processed routinely and embedded in paraffin
wax for light microscopy. Each lobe was sectioned from the hilum
through the greatest part of the lobe. The sections were stained with
haematoxylin and eosin, and examined morphometrically for hya-
line membrane formation as follows: a 2 mm square grid was drawn
on the cover slip, which was then placed over the section so that all
the section was covered by the grid. In each square of the grid the
microscopic field to be examined was centred in the grid square with
the 10x objective lens, and the objective then changed to the 40 x
lens for morphometric assessment. This provided a random selection
of microscopic fields covering the entire section of each lobe.
A Weibel type 2 eyepiece graticule was used to quantify the hyaline
membranes by counting all points at which a free alveolar wall
crossed a graticule line. Normal alveolar septa and those covered by
a layer of hyaline membrane were scored separately, and the fre-
quency of hyaline membrane intersects compared with uninvolved
alveolar intersects. An average of 149 high power ficlds (x 400
magnification) were evaluated per rabbit (range 99-230, depénding
on the area of the sections). The observer was blinded to the group
allocations.

Statistical analysis

The differences between groups in hyaline membrane frequency and
the increase in cell counts and protein concentration from the initial
to the final lung lavage were compared using students z-tests. Differ-
ences in PaO,/FIO, ratio, PEEP, mean airway pressure, PaCO,
and pH over the first 6 h were compared using repeated measures
analysis of variance. Missing data due to deaths precluded compari-
son after 6h with repeated measures ANOVA. The SAS procedure
GLM (general linear model) was used for the ANOVA analyses
[19]. Deaths in the two groups were compared using Fisher’s exact
test.

In order to take account of the early deaths in the control group
and of unequal variances between groups, data for PaQ,/FIO,
ratio, AaDO,; and respiratory index were also analysed using an
approach based on fitting individual regression curves to each ani-
mal, followed by averaging these estimates over animals to produce
an estimated mean regression curve. Using this approach, the possi-
bility that animals who died prematurely differed systematically
from survivors with respect to their time profile is allowed for by
regressing the individual regression estimates on survival time. The
mean regression curve is then taken to be the regression curve
predicted by the second stage regression, at the mean survival time.
This approach thus allows for the possibility that the time course of
the indices of oxygenation differed in survivors and non-survivors,
and is described in detail elsewhere [20,21].

In this study there were no early deaths in the study group, so in
that group the mean regression curve was defined by the unweighted
average of the individual regression estimates. However in the con-
trol group, in which four animals died prematurely, the mean regres-
sion curve is an appropriately weighted average of the individual
estimates, with allowance also for the possible dependency of the
mdividual estimates on survival time. We used model robust esti-
mates of the variances of the mean regression parameter estimates
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[22]. These robust variance estimates appear to protect against
misspecification of the between-animal variance. Our experience to
date suggests that such misspecification is possible using the inter-
individual variance estimation strategy proposed in Wu and Bailey
[19] and adapted from Vonesh and Carter [23]. We tested between
group differences in mean regression curves using standard multi-
variate Wald chi-squared statistics. Since we found that cubic mod-
els were required for the individual curves in order to accommodate
the observed individual time profiles, the Wald chi-squared tests had
three degrees of freedom, the intercept terms being excluded from the
testing procedure.

The results are presented as the mean and 95% confidence
intervals (dashed lines on Figs. 1 and 2) or standard deviation (error
bars on other figures).
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Fig. 1 Total protein concentration in study and control groups in
initial (pre-lavage) and final (post-lavage) lavage fluid. The difference
between groups in the increase from initial to final lavage is not
significant
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Fig. 2 Frequency of hyaline membranes for study and control
groups expressed as the ratio of hyaline membranes to hyaline
membranes + alveolar septa. The difference between groups is not
significant

The study was approved by the Animal Ethics Committee of the
Christchurch School of Medicine.

Results
BAL cell counts and lung histology

The increase in granulocyte count and total cell count
from the initial to final lavage was not significantly
different between the groups. Figures 1 and 2 show the
values of total protein concentration in the initial and
final lung lavage and the frequency of hyaline mem-
branes expressed as the ratio of hyaline membranes to
alveolar septa + hyaline membranes. The differences
between the groups was not significant, but the mean
values for all were lower in the study group.

Ventilation and gas exchange

Mean values for PaO2/FI102 and AaDO: and the esti-
mated mean regression curves in each group are shown
in Figs. 3 and 4. The values were initially similar in each
group, but study group animals showed a progressive
increase in PaO2z/FI02 and decrease in AaDQ>, and
the difference between the groups was significant
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Fig. 3 Mean PaO,/FIO; ratio. The difference between groups is
significant (p = 0.02). Observed mean values at each time point are
shown by squares (study group) and circles (control group). The
estimated mean regression curves for each group are shown with
continuous lines, and the 95% confidence intervals for the curves
with broken lines. The estimated mean regression curve for the
control group diverges from the mean observed data points after 6 h
as a result of deaths in control group animals (see “Statistical
methods”)
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Fig. 4 Mean alveolar to arterial oxygen tension gradient (AaDQO,).
The difference between groups is significant (p = 0.01). Observed
mean values at each time point are shown by squares (study group)
and circles (control group). The estimated mean regression curves
for each group are shown with continuous lines, and the 95% confi-
dence intervals for the curves with broken lines. The estimated mean
regression curve for the control group diverges from the mean
observed data points after 6 h as a result of deaths in control group
animals (see “Statistical methods™)

(p =0.01 for PaO2/FIOz2 and for AaDOQOz; with
ANOVA p = 0.05 for PaO2/F102). The time profile of
mean respiratory index was also more favourable in the
study group but the difference did not reach signifi-
cance (p = 0.07). The mean level of PEEP required to
maintain PaO:z at the predetermined levels, and the
mean airway pressure, are shown in Fig. 5. There was
no significant difference in PEEP between the groups.
The reduction in mean PEEP in control group animals
after 6h resulted partly from the death of animals
requiring high levels of PEEP at the times shown, but

Fig. 5 Mean PEEP (left) and 18

three surviving animals required less PEEP after 6 h.
The difference between groups in the time profile of
mean airway pressure was significant over the first 6 h
(p = 0.04). The mandatory ventilation rate was pro-
gressively reduced to a mean of 5.4 in the study group
and increased to a mean of 44 in the control group.
Mean PaCO: and pH are shown in Fig. 6. The overall
difference in PaCO2 between groups was significant
(p =0.03). In the control group the requirement for
increasing PEEP over the first 4 h to maintain oxygen-
ation, with a constant Vt, resulted in all animals reach-
ing the inspiratory pressure limit of 28 cm H20 by 4 h.
Further increases in PEEP then resulted in a reduction
of Vt as part of the inspiratory gas flow was vented
through the pressure relief valve, and increasing the
ventilator rate to the maximum failed to achieve nor-
mocarbia in most animals. The subsequent fall in
PaCO:z after 6h was related partly to the death of
animals with severe lung injury and a high PaCO», and
partly to reduced PEEP requirement in some surviving
animals; the PIP then fell below the inspiratory pres-
sure limit again, and Vt was restored to the initial
value. The rise in PaCQO2 of study group animals was
limited by spontaneous ventilation to a variable extent,
although five animals reached a PaCOz of more than
10.7 kPa (80 mm Hg) for a period of time. The sub-
sequent fall in PaCQOx in the study group was probably
mainly related to increased spontaneous ventilation as
lung function improved.

Mortality

Four of nine control group animals died during the
experimental protocol (3 from pneumothorax, 1 from
progressive respiratory failure without pneumothorax),
whereas none of the nine study group animals died
during the study (p = 0.08). The deaths occurred at 3.3,
6.3, 7.4 and 8.4h.

mean airway pressure (right) in
study (—0—) and control group 15 -
(—A—). The difference in PEEP
is not significant; mean airway
pressure is significantly lower in
the study group (p = 0.002).
Error bars show standard
deviation; * indicates the time of
death of a control group animal
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Fig. 6 Mean pH and PaCO; in study and control group. The
difference in time profile and overall difference for PaCQO, is signifi-
cant (p = 0.03 for both); the difference in pH is not significant. Error
bars show standard deviation; * indicates the time of death of a con-
trol group animal

Other data

There was no significant difference in haemoglobin
concentration, base excess or mean blood pressure be-
tween groups at any time.

Discussion

Although study group animals showed significantly
greater improvement in oxygenation during the 10h
study than the control group, the study group protocol
did not prevent lung injury; there was no significant
difference between the groups in protein concentration
or cell counts in lung lavage fluid at the end of the
study, or in hyaline membrane scores.

The PaO2/FIO: ratio and AaDO2 were initially
similar in each group following saline lavage, but the
study group showed significantly greater improvement
of these parameters during ventilation than the control
group. Mean airway pressure was significantly lower in
the study group over this period and the mean level of
PEEP was not significantly different. The difference in
mean airway pressure would favour improved oxygen-
ation in the control group, so the results suggest that
the observed greater improvement of oxygenation in
the study group occurred as a result of reduced lung
injury from the ventilatory protocol in this group.
Dorrington et al. [5] showed in this model that, if the
animals were supported by extracorporeal COz re-
moval and apnoeic oxygenation to prevent ventilator-
induced lung injury, oxygenation gradually improved,
whereas with controlled mechanical ventilation it pro-
gressively deteriorated. The findings in our study are
similar. It is conceivable that the higher mean airway
pressure in the control group caused a fall in cardiac

PaCO2 (mmHg)

Time {hours)

output and thus a reduced mixed venous oxygen satu-
ration, and if a reduction in intrapulmonary shunt did
not occur this would result in a lower PaO2/FIO: ratio
and higher AaDO2. However, in acute lung injury or
pulmonary oedema, an increase in mean airway pres-
sure usually reduces intrapulmonary shunt and in-
creases the PaO2/FIO; ratio, and that has been shown
to occur in this animal model [24]. It was also our
invariable experience during pilot work with this
model, as well as during the study, that increasing
PEEP and mean airway pressure initially increased the
PaO2/FIO: ratio. Thus we do not believe it is likely
that the higher mean airway pressure in the control
group caused the lower PaO2/FIO: ratio through this
mechanism; greater ventilator-induced injury seems
a more likely explanation.

The mean PaCO: in the control group increased
between 3 and 6h as described in the results section.
This was a result of our use of an inspiratory pressure
limit of 28 cm H20, so that Vt fell with increasing
PEEP after this inspiratory pressure limit was reached.
We chose to use this pressure limit, in the knowledge
that we would not maintain normocapnia in all ani-
mals, in order to prevent too many early deaths from
pneumothorax; this occurred in most animals during
pilot work if a higher pressure limit was used. Frequent
early death from pneumothorax in the control group
would have reduced the probability of showing a differ-
ence in acute parenchymal lung injury between the
groups. Thus the occurrence of some hypercapnia in
the control group was expected, and does not affect the
comparison of the two ventilation protocols.

The reduction in death from pneumothorax in the
study group is not surprising or unexpected. Other
studies have shown a high incidence of death from
pneumothorax in this model [25] and that can be
avoided by other ventilatory strategies such as ex-
tracorporeal COz removal and apnoeic oxygenation,
or high frequency ventilation [8,257]. We are unable to
determine whether death from progressive hypoxaemia
without pneumothorax would have been reduced if the
experimental protocol had been continued for a longer
period of time. Hamilton et al. [257] showed that when
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conventional ventilation was continued for 20 h in this
model all animals died from progressive hypoxaemia or
pneumothorax. Differences between the groups for the
other indicators of lung injury (hyaline membranes,
BAL protein and BAL granulocytes) all favoured the
study group but ncone reached statistical significance. It
is possible that the final lung lavage may have removed
some of the proteinaceous material forming the hyaline
membranes as well as inflammatory cells, and may
therefore have modified the lung histology. The effect
should be similar in both groups, but it is possible that
it could have reduced the magnitude of any difference
between the groups. We believed that lung lavage
would provide an additional, and perhaps more sensi-
tive, indicator of lung injury.

The results of this study therefore suggest some
reduction of lung injury in the study group, but sub-
stantial injury still occurred. This may have been be-
cause even a PIP of 15 cm H:0 is sufficient to cause
overdistension lung injury when spontanecous breaths
are superimposed on the pressure-limited mandatory
breaths, thus increasing transpulmonary pressure and
fung distension. Indeed even spontaneous breathing
without mechanical ventilation has been shown to
cause lung injury if Vt is sufficiently high [26]. The
animals did appear to have a high respiratory drive
following lavage, at which time the respiratory rate was
frequently more than 70/min. However, the lung injury

in this model using a moderate Vt and PIP may not be
related to lung overdistension; it may be related entire-
ly to lung derecruitment with each breath and repeated
opening of closed airways and alveoli and the related
shear forces. If this is the case, then even extreme
reduction of Vt and PIP may not prevent lung injury if
some ventilation continues. It has been shown in sev-
eral studies of saline lavaged rabbits that ventilator-
induced lung injury can be largely prevented by the use
of PEEP greater than the lower inflection point of
the thoracopulmonary static pressure-volume curve
[9-117, possibly by preventing end-expiratory collapse
and re-expansion of airways and alveoli during each
respiratory cycle. Thus it may be necessary to use
higher levels of PEEP in this model to prevent lung
injury. Alternatively, more extreme limitation of phasic
lung distension by the use of paralysis and a very low
Vt could perhaps prevent injury even with more mod-
erate levels of PEEP. We are presently undertaking
a further study to evaluate such extreme hypoventila-
tion using neuromuscular blockade and low PEEP in
this animal model.

Itis not possible to extrapolate these results directly
to clinical practice, but they do suggest the possibility
that the widely used practice of titrating PEEP against
oxygenation may not be optimal for the prevention of
ventilator-induced injury, and this requires further
study.
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