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Abstract

Purpose. The present study was designed to evaluate pulmo-
nary and systemic hemodynamics and blood gas changes on
switching from conventional mechanical ventilation (CMV) to
high-frequency oscillatory ventilation (HFOV) in a large ani-
mal model of acute lung injury.

Methods. Eleven anesthetised sheep chronically instru-
mented with vascular monitoring were prepared. Animals
received oleic acid (0.08ml-kg™) intravenously and were ven-
tilated for 4h h after the administration of oleic acid. The ani-
mals were then randomized into the two following different
ventilation modes: CMV (tidal volume [V], 6ml-kg™; respira-
tory rate [RR], 25-min™") with positive end-expiratory pres-
sure (PEEP) of 12cmH,O; or CMV under the same settings
without PEEP. HFOV was then switched. The setting of mean
airway pressure with a fixed stroke volume was changed be-
tween 25, 18, and 12cmH,0O every 20min. Mean pulmonary
artery pressure, pulmonary artery occlusive pressure (Paop),
left atrium pressure, systemic arterial pressure, cardiac output
(CO), and blood gas composition under each setting were
measured before and after HFOV.

Results.  Switching to HFOV, from without PEEP, resulted
in significant increases in Paop and Pa,, and a decrease in CO
at higher (25, 18cmH,0) mean airway pressure. However,
when changed from low V; and PEEP, HFOV produced fur-
ther improvements in oxygenation without any deterioration
of cardiovascular depression. Thus, switching to HFOV from
CMYV with low V; and high PEEP may have little influence
on pulmonary or systemic hemodynamics in acute lung
injury.

Conclusion. We conclude that hemodynamic responses are
dependent on the predefined setting of PEEP during CMV,
and on applied mean airway pressure during HFOV.
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Introduction

Mechanical ventilation remains the main type of sup-
portive therapy for patients with acute lung injury (ALI)
and acute respiratory distress syndrome (ARDS). How-
ever, there is evidence that mechanical ventilation itself
may cause progression of the existing lung injury, from
overdistension during inspiration, from the repeated
opening and closing of alveoli, or from excessive stress
at the margins between aerated and atelectatic lung
regions [1,2]. Various strategies have been designed
to prevent ventilator-induced lung injury. Based on
numerous clinical trials, mechanical ventilation using
relatively low tidal volumes (V) and adequate levels of
positive end-expiratory pressure (PEEP) are recom-
mended for managing patients with ARDS requiring
mechanical ventilation [3,4].

High-frequency oscillation (HFO) is a ventilation
strategy employing very high respiratory frequencies
with extremely low V. [5,6]. HFO ventilation (HFOV)
has been demonstrated to have benefits over conven-
tional mechanical ventilation (CMV) in neonatal mod-
els of ALI [7], and in neonatal patient populations [8].
Despite disappointing results for HFOV in early clinical
trials in adults with ARDS [9-11], there is renewed in-
terest in the application of HFOV in adults with ALI
[5,12-15], because of the increasing evidence of the use-
fulness of the open-lung strategy in the management of
ARDS, as described above.

Experimental studies have shown that HFOV, espe-
cially with high mean airway pressure, can decrease the
venous return of the systemic circulation due to over-
distension of the alveoli, which may decrease cardiac
output (CO) [16-19]. Furthermore, the net effects of
high mean airway pressure and decreased CO may
lead to the compression of pulmonary capillaries and
increase pulmonary vascular resistance [16-18]. These
hemodynamic compromises should be minimized for
the clinical application of HFOV. Several clinical trials


Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.
You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.

GENERAL ----------------------------------------
File Options:
     Compatibility: PDF 1.2
     Optimize For Fast Web View: Yes
     Embed Thumbnails: Yes
     Auto-Rotate Pages: No
     Distill From Page: 1
     Distill To Page: All Pages
     Binding: Left
     Resolution: [ 600 600 ] dpi
     Paper Size: [ 595.276 785.197 ] Point

COMPRESSION ----------------------------------------
Color Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Grayscale Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 150 dpi
     Downsampling For Images Above: 225 dpi
     Compression: Yes
     Automatic Selection of Compression Type: Yes
     JPEG Quality: Medium
     Bits Per Pixel: As Original Bit
Monochrome Images:
     Downsampling: Yes
     Downsample Type: Bicubic Downsampling
     Downsample Resolution: 600 dpi
     Downsampling For Images Above: 900 dpi
     Compression: Yes
     Compression Type: CCITT
     CCITT Group: 4
     Anti-Alias To Gray: No

     Compress Text and Line Art: Yes

FONTS ----------------------------------------
     Embed All Fonts: Yes
     Subset Embedded Fonts: No
     When Embedding Fails: Warn and Continue
Embedding:
     Always Embed: [ ]
     Never Embed: [ ]

COLOR ----------------------------------------
Color Management Policies:
     Color Conversion Strategy: Convert All Colors to sRGB
     Intent: Default
Working Spaces:
     Grayscale ICC Profile: 
     RGB ICC Profile: sRGB IEC61966-2.1
     CMYK ICC Profile: U.S. Web Coated (SWOP) v2
Device-Dependent Data:
     Preserve Overprint Settings: Yes
     Preserve Under Color Removal and Black Generation: Yes
     Transfer Functions: Apply
     Preserve Halftone Information: Yes

ADVANCED ----------------------------------------
Options:
     Use Prologue.ps and Epilogue.ps: No
     Allow PostScript File To Override Job Options: Yes
     Preserve Level 2 copypage Semantics: Yes
     Save Portable Job Ticket Inside PDF File: No
     Illustrator Overprint Mode: Yes
     Convert Gradients To Smooth Shades: No
     ASCII Format: No
Document Structuring Conventions (DSC):
     Process DSC Comments: No

OTHERS ----------------------------------------
     Distiller Core Version: 5000
     Use ZIP Compression: Yes
     Deactivate Optimization: No
     Image Memory: 524288 Byte
     Anti-Alias Color Images: No
     Anti-Alias Grayscale Images: No
     Convert Images (< 257 Colors) To Indexed Color Space: Yes
     sRGB ICC Profile: sRGB IEC61966-2.1

END OF REPORT ----------------------------------------

IMPRESSED GmbH
Bahrenfelder Chaussee 49
22761 Hamburg, Germany
Tel. +49 40 897189-0
Fax +49 40 897189-71
Email: info@impressed.de
Web: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<
     /ColorSettingsFile ()
     /LockDistillerParams false
     /DetectBlends false
     /DoThumbnails true
     /AntiAliasMonoImages false
     /MonoImageDownsampleType /Bicubic
     /GrayImageDownsampleType /Bicubic
     /MaxSubsetPct 100
     /MonoImageFilter /CCITTFaxEncode
     /ColorImageDownsampleThreshold 1.5
     /GrayImageFilter /DCTEncode
     /ColorConversionStrategy /sRGB
     /CalGrayProfile ()
     /ColorImageResolution 150
     /UsePrologue false
     /MonoImageResolution 600
     /ColorImageDepth -1
     /sRGBProfile (sRGB IEC61966-2.1)
     /PreserveOverprintSettings true
     /CompatibilityLevel 1.2
     /UCRandBGInfo /Preserve
     /EmitDSCWarnings false
     /CreateJobTicket false
     /DownsampleMonoImages true
     /DownsampleColorImages true
     /MonoImageDict << /K -1 >>
     /ColorImageDownsampleType /Bicubic
     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)
     /ParseDSCComments false
     /PreserveEPSInfo false
     /MonoImageDepth -1
     /AutoFilterGrayImages true
     /SubsetFonts false
     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /ColorImageFilter /DCTEncode
     /AutoRotatePages /None
     /PreserveCopyPage true
     /EncodeMonoImages true
     /ASCII85EncodePages false
     /PreserveOPIComments false
     /NeverEmbed [ ]
     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>
     /AntiAliasGrayImages false
     /GrayImageDepth -1
     /CannotEmbedFontPolicy /Warning
     /EndPage -1
     /TransferFunctionInfo /Apply
     /CalRGBProfile (sRGB IEC61966-2.1)
     /EncodeColorImages true
     /EncodeGrayImages true
     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>
     /Optimize true
     /ParseDSCCommentsForDocInfo false
     /GrayImageDownsampleThreshold 1.5
     /MonoImageDownsampleThreshold 1.5
     /AutoPositionEPSFiles false
     /GrayImageResolution 150
     /AutoFilterColorImages true
     /AlwaysEmbed [ ]
     /ImageMemory 524288
     /OPM 1
     /DefaultRenderingIntent /Default
     /EmbedAllFonts true
     /StartPage 1
     /DownsampleGrayImages true
     /AntiAliasColorImages false
     /ConvertImagesToIndexed true
     /PreserveHalftoneInfo true
     /CompressPages true
     /Binding /Left
>> setdistillerparams
<<
     /PageSize [ 576.0 792.0 ]
     /HWResolution [ 600 600 ]
>> setpagedevice


R. Nakagawa et al.: HFO and pulmonary hemodynamics during acute lung injury 341

have reported a brief but significant increase in pul-
monary artery occlusive pressure (Paop) during HFOV
[13,14]. In addition, adverse cardiovascular events, in-
cluding decreases in CO and systemic artery pressure
during HFOV, were actually observed in a few adult
patients in previous clinical trials [14]. However, the
pre-existing physiological conditions in the patients who
showed these adverse cardiovascular responses to
HFOV were not reported. In addition, results in experi-
mental studies on the effects of HFOV on hemodynam-
ics were conflicting [16-20] and these studies were
performed mainly in small animals without injury.

In the present study, we evaluated the pulmonary and
systemic hemodynamic and blood gas changes, on
switching from CMV with low V and adequate PEEP
to HFOV, in a large animal model of ALI. In addition,
we examined how these effects were modulated by the
mean airway pressure applied during HFOV and/or the
pre-existing PEEP level of CMV.

Methods

The study protocol was approved by the Institutional
Review Board for the Care of Animals of Shinshu Uni-
versity. Care and handling of animals were performed
in accordance with the guidelines of the National Insti-
tutes of Health.

Animal preparation

Eleven sheep, weighing 35-44 kg, were used. The sheep
were anesthetized by the intravenous administration of
pentobarbitone sodium at a dose of 12.5mgkg" and
then ventilated with 0.5%-1.0% halothane, using posi-
tive-pressure ventilation. Through left thoracotomy, we
directly implanted a silicone catheter into the left atri-
um to measure the pressure. A silicone tube was in-

serted into the thoracic aorta via the carotid artery. An
8-Fr catheter sheath introducer (Cordis Laboratories,
Miami, FL, USA) was also placed in the superior vena
cava, via the right jugular vein, and a 7-Fr thermodilu-
tion Swan-Ganz catheter was passed into the pulmo-
nary artery through the Cordis introducer.

Measurements

Systemic arterial (Psa), pulmonary arterial (Ppa), and
left atrial (Pla) pressures were measured continuously
and recorded using calibrated pressure transducers
(Statham P50; Gould, Statham, Oxnard, CA, USA) and
a recorder (WT-68; Nihon Koden, Tokyo, Japan), re-
spectively. Pulmonary artery occlusive pressure (Paop)
and CO were measured before and after each experi-
mental setting. CO was determined by the thermodilu-
tion method, using a CO computer (model 9520;
Edwards, Santa Ana, CA, USA). Pulmonary (PVR)
and systemic vascular resistance (SVR) were calculated
by the following equations; (mean Ppa—mean Pla)/CO,
and mean Psa/CO, respectively. Blood samples for
blood gas analysis were drawn from systemic artery
lines. Blood gas analysis (Pag,, Paco,, and pH) was per-
formed using a blood gas analyzer (ABL-2; Radiometer,
Copenhagen, Denmark).

Experimental protocols (Fig. 1)

After surgical preparation, stable baseline was observed
for at least 30 min. Then, sheep received administration
of oleic acid (0.08 ml-kg™") intravenously to induce ALI.
Animals were infused with normal saline at a rate of
60ml-h™" and treated by CMV with V. of 10ml-kg™" and
respiratory rate (RR) of 20-min™" with 70% oxygen for
4h. The sheep were divided into two experimental
groups. For experiment 1 (without PEEP; n = 6); before
conversion to HFOV, animals were maintained under

Protocol 1
HFOV with a fixed stroke volume (150ml)
CMV Vv, é6ml/kg, CMV V; é6ml/kg,
RR 25/min 25cm H,0 18 cmH,0 12 cmH,0 RR 25/min
Changes in mean airway pressure
30 min 20 min 20 min 20min . .
Fig. 1. Experimental protocols and the
Protocol 2 time course of changes in ventilation
mode. These two protocols were per-
HFOV with a fixed mean airway pressure (18cmH,0) formed in both experiment 1 (without
positive end-expiratory pressure [PEEP])
CMV V; 6ml/kg, 100 ml 120 ml 150mi |CMV Vi6mlkg,|  and experiment 2 (with PEEP). CMV,
RR 25/min RR 25/min conventional mechanical ventilation;
Changes in stroke volume HFOV, high-frequency oscillatory venti-

30 min 20 min 20 min

20min

lation; V, tidal volume; RR, respiratory
rate
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CMV (V,, 6mlkg™"; RR, 25-min"") without PEEP for
30min. For experiment 2 (with PEEP; n = 5), animals
were maintained under CMV (V,, 6mlkg"; RR,
25-min™") with 12cm H,O PEEP for 30 min. In addition,
each experiment consisted of two different protocols
during HFOV. In protocol 1, mean airway pressure was
changed with a fixed stroke volume and the cardiovas-
cular parameters were measured. The initial mean air-
way pressure was 25 cm H,O, with a fixed stroke volume
of 150ml. After observation for 20min, mean airway
pressure was changed to 18 and 12cm H,O. The obser-
vation was performed for 20min under each setting.
Protocol 2 was then performed after protocol 1; animals
were switched to CMV again, with or without PEEP,
after the protocol 1 experiment. After stable baseline
measurement over 30min, HFOV was again started,
with a fixed mean airway pressure and various stroke
volume settings. The first stroke volume setting was
100 ml, with a fixed mean airway pressure of 18cm H,O.
Using the same time course as that in protocol 1, the
stroke volume was changed to 120ml and 150 ml. These
experimental protocols are summarized in Fig. 1.
Throughout the experiments, sheep were anesthetised
by propofol infusion (3mg-kg"-h™") and paralyzed with
pancuronium bromide (0.1mgkg™) initially and as
needed to suppress any spontaneous movements. Sodi-
um bicarbonate was not used to correct pH.

In the present study, we used a newly developed HFO
ventilator (R100; Metran, Saitama, Japan) for adults.
Compared to previous HFO ventilators with a recipro-
cating pump, this machine has a rotary valve, which can
generate higher oscillatory frequency (5-15Hz) and
greater amplitude (approximately 100 ml stroke volume
at 15Hz). This machine also allows the use of conven-
tional mode, including pressure or volume control
modes, and pressure supportive ventilation. Thus, the
ventilation mode can be switched readily using this ap-
paratus. In the present study, an oscillatory frequency
of 15Hz, percent inspiratory time of 33%, and fraction
of inspired oxygen (Fio,) of 0.7 were maintained through-
out the experiments. After each step, hemodynamics
and blood gas were analyzed. Finally, CMV was
controlled (Vy, 6mlkg™; RR, 25-min™") in the same
mechanical mode as that used prior to HFOV, and mea-
surements were repeated.

Statistical analysis

The data values are expressed as means = SD. Changes
in measured variables over time and between groups
were analyzed by two-way analysis of variance
(ANOVA), and the differences were tested by Fisher’s
exact test. P < 0.05 was accepted as significant.

Results

Comparisons of cardiovascular and blood gas responses
to HFOV with various mean airway pressure settings
following CMV with and without PEEP (protocol 1)

Hemodynamic responses to HFOV with a fixed stroke
volume of 150ml and blood gas analysis are shown in
Tables 1 and 2, respectively. Before switching to HFOV,
the values for mean airway pressure during CMV were
4.5 £ 1.3cmH,0 in experiment 1 (without PEEP) and
16.8 £ 1.0cmH,0 in experiment 2 (with PEEP). After
switching to HFOV in experiment 1, HFOV with 25-
cmH,0 mean airway pressure induced significant in-
creases in Paop and Pla, and decreases in CO and Psa.
The significant increase in Paop and decrease in CO
were sustained in HFOV with 18 cmH,O. Ppa decreased
but the effect was not statistically significant. On the
other hand, the values of Paop and Pla in experiment 2
were significantly higher than those in experiment 1
(without PEEP). HFOV with 25cmH,O did not cause
significant changes in systemic or pulmonary hemody-
namic parameters. HFOV resulted in small but signifi-
cant decreases in Ppa at 18 and 12cm H,O, compared
to that before HFOV. We calculated the percentage
change in Paop after switching to HFOV, and the re-
sults are graphed in Fig. 2. The percentage change of
Paop during HFOV was increased significantly com-
pared with that in CMV without PEEP, which showed
a significant difference from that with PEEP. The
P/F ratio improved significantly during HFOV with

% change of pulmonary artery occlusive pressure
(%)
120 1
100 F
80
60

40 F # —4— without PEEP
20 B with PEEP
: 1
e —
SPaEan e =
_40 3
60 b— - — - i |
CMV 25cm 18cm 12cm CMV

Fig. 2. Comparison of percentage increases in pulmonary ar-
tery occlusive pressure (Paop) during high-frequency oscilla-
tory ventilation (HFOV) following conventional mechanical
ventilation (CMV) with and without positive end-expiratory
pressure (PEEP). *Significantly different from baseline (be-
fore HFOV); "significantly different between with and without
PEEP
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Table 2. Comparison of blood gas analysis following HFOV with various mean airway pressures and a fixed stroke volume set-

ting following CMV with and without PEEP

Mechanical ventilation P/F ratio Paco, pH
Experiment 1
Baseline (before oleic acid) 421.8 £ 38 362155 7.42 £0.09
CMV (6ml-kg™") without PEEP (before HFOV) 83.8+10.2 72.6 £ 11.6 7.13 £0.09
HFOV (mean airway pressure/stroke volume)
25ecmH,0/150ml 136 + 48.4% 41.7 + 14.4% 724 +0.14
18cmH,0/150ml 110.6 £ 31.4 31.7 £ 15.0% 729 £0.14
12cmH,0/150ml 72.7+£13.5 343 +£13.1% 7.35£0.19%
CMV (6mlkg™") without PEEP (after HFOV) 81.1+13.2 67.1+13.3 7.14+£0.14
Experiment 2
Baseline (before oleic acid) 4432 £ 442 30.8 £89 7.45 £0.08
CMV (6mlkg™") with PEEP (before HFOV) 99.6+1.9 54.8+5.6 7.17 £0.07
HFOV (mean airway pressure/stroke volume)
25ecmH,0/150ml 159.2 £ 38.5% 26.0 £ 3.3%%#* 7.46 £ 0.08%*#*
18 cmH,0/150ml 232.6 £ 97.9% 22.9 + 4.6%%** 7.53 £ 0.14%%*
12ecmH,0/150ml 859+59 24.9 + 8.3%#* 7.53 £ 0.2%%#%
CMV (6mlkg™") with PEEP (after HFOV) 144.1 £ 65.5 56.7+11.4 7.14 £0.15

*Significantly different from CMYV condition (before HFOV); **significantly different between with and without PEEP (both, P < 0.05)
CMYV, conventional mechanical ventilation; HFOV, high-frequency oscillatory ventilation; baseline, before oleic acid administration

25cmH,0 and Pac, fell significantly during HFOV in
both experiments regardless of the mean airway pres-
sure (Table 2). In addition, the acid-base balance also
improved after switching to HFOV. There were signifi-
cant differences in Pac,, and pH between experiments
with and without PEEP.

Comparisons of cardiovascular and blood gas responses
to HFOV with various stroke volume settings following
CMYV with and without PEEP (protocol 2)

The values for mean airway pressure during CMV were
4.3 £ 0.8cmH,O without PEEP and 17.0 £ 1.4cmH,O
with PEEP. The hemodynamic responses and results of
blood gas analysis with a fixed mean airway pressure of
18cmH,0O are shown in Tables 3 and 4, respectively.
The cardiovascular responses were similar to those at a
mean airway pressure of 18cmH,O mentioned above in
protocol 1. Likewise, as in the protocol 1 experiment,
Paop and Pla in CMV with PEEP were significantly
higher than these values without PEEP. Paop rose sig-
nificantly during HFOV regardless of the stroke volume
value when switched from CMV without PEEP, but not
with PEEP. Following the changes in stroke volume,
CO in experiment 1 and Ppa in experiment 2 decreased
significantly at a stroke volume of 150ml. The changes
in the P/F ratio improved significantly with higher stroke
volume in experiment 1, and Pac, fell significantly re-
gardless of the stroke volume value in both experiment
1 and experiment 2 (Table 4). Higher stroke volume was
associated with a tendency toward a decrease in Pac,.
There were significant differences in Paco, and pH be-
tween experiments with and without PEEP.

Discussion

In the present study, we examined the effects of conver-
sion to HFOV from CMYV on the systemic and pul-
monary hemodynamics in a large animal model of acute
lung injury (ALI). When ventilated with low V. and
adequate PEEP in CMV, switching to HFOV with rela-
tively higher mean airway pressure produced improved
oxygenation without any cardiovascular depression.
With a lower mean airway pressure, oxygenation wors-
ened. In contrast, switching to HFOV from CMV with-
out PEEP caused a significant increase in Paop and
a decrease in CO and Psa. Thus, the hemodynamic
changes after HFOV were dependent on the mean
airway pressure applied during HFOV and on PEEP
during prior CMV. Compared with the changes in
hemodynamic parameters following various mean air-
way pressure settings, the changes of stroke volume of
HFOV had little effect on the hemodynamics.
Hemodynamic changes, including decreases in CO
and increases in Paop during HFOV, were observed in
previous clinical [13,14] and experimental [18] studies.
Especially, the decrease in CO was parallel with the
elevated mean airway pressure applied during HFOV
[17-19]. Indeed, when we changed from CMYV without
PEEP, we found decreased CO at higher mean airway
pressure settings. The initial mean airway pressure for
HFOV has usually been set at 2-5cm H,O higher than
that observed during CMV [9-15]. When compared
with the initial mean airway pressure used during HFOV
in other experimental and clinical studies, the initial
mean airway pressure of 25cmH,O used in the present
study was slightly higher than the recommended initial
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Table 4. Comparison of blood gas analysis following HFOV with various stroke volumes and a fixed mean airway pressure

setting following CMV with and without PEEP

Mechanical ventilation P/F ratio Paco, pH
Experiment 1
Baseline (before oleic acid) 421.8 + 38.0 36255 7.42 £ 0.09
CMV (6ml-kg™") without PEEP (before HFOV) 89.9+21.5 71.7+£89 7.14£0.14
HFOV (mean airway pressure/stroke volume)
18cmH,0/100ml 87.1+19.2 58.9+239 7.21+£0.19
18cmH,0/120ml 137.3 + 81.5% 47 £22.8* 727+£02
18cmH,0/150ml 136 + 48.4% 41.7 £ 14.4% 724+£0.14
CMV (6mlkg™") without PEEP (after HFOV) 82.1+12.7 69.1 £12.4 7.22£0.13
Experiment 2
Baseline (before oleic acid) 4432 £44.2 30.8 £ 8.9 7.45 £0.08
CMV (6mlkg™") with PEEP (before HFOV) 95.6 £ 6.8 58.1+4.8 7.19 £ 0.07
HFOV (mean airway pressure/stroke volume)
18cmH,0/100ml 93.4+129 33.3 £ 10.7#%#* 7.43 £ 0.20%%*
18cmH,0/120ml 89.6 + 3.6 27.6 £ 6.8%#% 7.52 £ 0.20%%*
18cmH,0/150ml 226.9 + 83.5% 24.8 £ 4.0%#* 7.52 £ 0.01 %%
CMV (6mlkg™") with PEEP (after HFOV) 149.8 £ 76 58.9 £10.6 7.14 £ 0.12

*Significantly different from CMYV condition (before HFOV); **significantly different between with and without PEEP (both, P < 0.05)
CMYV, conventional mechanical ventilation; HFOV, high-frequency oscillatory ventilation; baseline, before oleic acid administration

There were some limitations of our study. We did not
examine the effects of prolonged use of HFOV on the
hemodynamics. Even slight changes in CO and/or Paop
may influence microvascular fluid exchange in the lung.
Pulmonary microvascular fluid exchange is an impor-
tant factor in the treatment of patients with ALI/ARDS.
The fluid balance may be influenced by the gradient
between intracapillary and alveolar pressure. In an air
embolism model, HFOV did not impair lymphatic
balance during injury, compared with that during CMV
[20]. In addition, HFOV, compared with CMV de-
creased lung damage in various experimental models of
ALIT in small animals [7]. However, the effect of HFOV
on microvascular fluid exchange in the lung and pro-
gression to systemic inflammation from the lung may be
an important issue for the clinical use of HFOV.

In summary, in a large animal model of ALI we
showed that HFOV with an adequate mean airway
pressure level led to improved oxygenation during ALI,
without any adverse effects on cardiovascular parame-
ters. The pulmonary and systemic circulation after
HFOV was largely mediated by the mean airway pres-
sure applied during HFOV and by the prior PEEP level
during CMV. HFOV is a promising alternative open-
lung strategy. We believe that HFOV is a safe and ef-
fective strategy for patients with ALI/ARDS, but further
basic and clinical studies will be needed to determine
the optimal settings for the application of HFOV.
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