Clinical Perspectives

High-Frequency Oscillatory

Ventilation of the Adult

The acute respiratory distress syndrome (ARDS) is a
common, devastating clinical syndrome of acute lung in-
jury (ALI) that affects surgical and medical patients. Re-
cent studies report an incidence ranging from 1.5-8.3 to
as many as 75 occurrences per 100,000 patients.

The classic definition of ARDS, defined by Ashbaugh
and Petty in 1967, consists of a clinical triad of respira-
tory distress: cyanosis that is refractory to oxygen ther-
apy, decreased lung compliance, and diffuse pulmonary
infiltrates that are evident on a chest radiograph.? The
definition was expanded in 1988 in response to a lack of
specific criteria to systematically identify patients. The
expanded definition implemented a four-point lung in-
jury scoring system based on levels of
positive end-expiratory pressure, the
ratio of the partial pressure of arterial
oxygen to the fraction of inspired oxy-
gen (P/F ratio), the static lung compli-
ance, and the degree of infiltration
evident on the chest radiograph.!

In 1994, new definitions for ARDS
were recommended by the American-
European Consensus Conference Com-
mittee. The new definitions have two
advantages. First, they recognize that
the severity of clinical lung injury varies.
The P/F ratio is retained from the 1988
definition, with delineations for ALI and
ARDS. A P/F ratio of 300 or less indicates
ALI, a P/F ratio of 200 or less indicates
ARDS. Second, the new definitions are
easily applied in the clinical arena.

However, there are disadvantages to
the new definitions: Factors that affect
outcome (e.g., underlying cause, other
organ systems involved) are not assessed,
and the criteria for the presence of bilateral pulmonary in-
filtrates on chest radiography consistent with the presence
of pulmonary edema are not sufficiently specific to be con-
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sistently applied by clinicians.’® Despite the disadvantages,
the 1994 Consensus definitions and the 1988 lung scoring
system have greatly improved standardization of clinical
research and trials." The 1994 Consensus definitions re-
main the gold standard for ARDS and ALI description.

The clinical trial by the National Institutes of Health
(NIH) and ARDS Network reported a lung protective ap-
proach, utilizing lung tidal volumes <6 mL/kg of pre-
dicted body weight and an inspiratory plateau pressure
<30 cm H,0 on conventional ventilation (CV).* This lung
protective approach reduced the absolute mortality by
9% when compared with larger tidal volume (12 mL/kg
of predicted body weight) ventilation. Unfortunately, in
practice, many critically ill patients
with ARDS are unable to achieve ade-
quate gas exchange using conventional
lung protective strategies, and the mor-
tality is still extremely high.® With
proper recognition and intervention,
ALI can be reversed in its early stages.

The potential benefits of high-fre-
quency oscillatory ventilation (HFOV)
over CV are described in animal stud-
ies. HFOV resulted in improved gas ex-
change, improved lung inflation, and
decreased histopathologic ventilation-
induced lung injury in surfactant defi-
cient rabbits and primates.””’® HFOV
reduced cyclical alveolar collapse and
over-distension in these studies. This
mode of ventilation was associated
with reduced levels of inflammatory
mediators compared with CV tech-
niques, even with similarly high levels
of mean airway pressure.""*?

Recent studies and trials
In adult patients with ALI/ARDS, high-frequency os-
cillatory ventilation has been studied and reported in



multiple observational trials and a few randomized con-
trolled trials. The studies demonstrated a significant im-

provement in oxygenation with
utilization of an “open lung”
strategy. Improved outcomes
were demonstrated when HFOV
was implemented early in the
ARDS disease process.'*"’

Fort et al completed a pros-
pective clinical study in 1997
that evaluated the safety and ef-
fectiveness of HFOV, utilizing a
protocol designed to recruit and
maintain optimal lung volume
in patients with severe ARDS.

This trial, with 17 patients, demonstrated improved gas
exchange and an overall improvement in the P/F ratio,
along with reductions in the oxygen index and fractional
inspired oxygen. In addition, no significant compromise

Proning, nitric oxide,
surfactants, partial liquid
ventilation, and

hemofiltration/dialysis should
be investigated for possible

benefits for adult HFOV
patients.
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in cardiac output or oxygen delivery was observed, de-
spite a significant increase in the mean airway pressure.

The authors concluded that
HFOV was both safe and effec-
tive in adults with severe ARDS
failing conventional ventila-
tion.™

Mehta and colleagues com-
pleted a prospective clinical
study in 2001 that evaluated
the safety and efficacy of HFOV
in adult patients with ARDS
and oxygenation failure in 24
patients. The authors con-
cluded that HFOV has benefi-

cial effects on oxygenation and ventilation and may be a
safe, effective rescue therapy for patients with severe
oxygenation failure. The authors also concluded that
early initiation of HFOV may be advantageous.”
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Derdak et al completed a multi-center, randomized
controlled trial in 2002 comparing HFOV with conven-
tional pressure control ventilation in 148 patients. The trial
demonstrated a trend toward reduced mortality in the
HFOV arm and a marked improvement in the P/F ratio. The
authors concluded that HFOV is a safe and effective mode
of ventilation for the treatment of ARDS in adults.”

In 2006, Kao et al completed a prospective clinical study
evaluating HFOV in 16 surgical patients with severe oxy-
genation failure who were failing conventional mechani-
cal ventilatory support. The authors concluded that HFOV
was again safe and effective in correcting oxygenation fail-
ure associated with ARDS in surgical patients.”

Cartotto and colleagues completed a retrospective
review of 36 severely burned patients, 33% of whom had
an associated inhalation injury with significant oxy-
genation failure secondary to ARDS. The authors con-
cluded that HFOV was an indispensable ventilation
modality for burn patients and played an important

role in reversal of oxygenation failure in patients with
ARDS and in facilitating closure of burn wounds.?

The benefits from reduced tidal volume ventilation
have been recognized since the NIH ARDSNet trial com-
paring small and large tidal volumes.* There is signifi-
cant experimental evidence showing that HFOV reduces
ventilator-induced lung injury and lung biotrauma in
small animal models. The limitations of applying these
studies to adult patients stem from the fact that animal
studies utilize smaller endotracheal tube sizes, lower
amplitudes, and higher frequency settings than are typ-
ically utilized in adult patients.”>!**3 Thus, early initia-
tion of HFOV therapy appeared to be beneficial as a lung
protective mode of ventilation.

HFOV sustains the lung in an open, recruited state
just above the closing point on the exhalation limb of
the static pressure-volume curve. This sustained, open
state should result in minimal stretch injury due to the
small tidal volumes generated by the pressure ampli-
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tude excursions and should minimize the potential for
atelectasis from repetitive opening and closing of the
alveolar lung units at lower tidal volumes.?*?*

HFOV shows promise but further research needed

High-frequency oscillatory ventilation is a promis-
ing alternative mode of mechanical ventilation for se-
vere ALI/ARDS in adult patients. Further research is
needed to investigate multiple areas, including meas-
urements of delivered volumes, lung compliance, and
distal airway pressures.” Adjunctive therapies (e.g.,
proning, nitric oxide, surfactants, partial liquid ventila-
tion, and hemofiltration/dialysis), all of which have
shown to improve oxygenation with HFOV, should be
investigated for possible benefits.”®” Randomized, con-
trolled trials are needed to provide results on ventila-
tor-free days, reduced ICU/hospital length of stay, and
reduced morbidity/mortality. B

EDITOR’S NOTE
This article appeared in the AARC’s Winter 2008 Adult Acute Respira-
tory Care Section Bulletin.

REFERENCES

1. Ware LB, Matthay MA. The acute respiratory distress syndrome. N
Engl ] Med 2001; 342(18):1334-1349.

2. Ashbaugh DG, Bigelow DB, Petty TL, Levine BE. Acute respiratory dis-
tress in adults. Lancet 1967; 2(7511):319-323.

3.Bernard GR, Artigas A, Brigham KL, et al. Report of the American-Eu-
ropean consensus conference on ARDS: definitions, mechanisms, rele-
vant outcomes and clinical trial coordination. Intensive Care Med
1994; 20(3):225-232.

4.The Acute Respiratory Distress Syndrome Network. Ventilation with
lower tidal volumes as compared with traditional tidal volumes for
acute lung injury and the acute respiratory distress syndrome. N Engl J
Med 2000; 342(18):1301-1308.

5. Derdak S. High-frequency oscillatory ventilation for acute respira-
tory distress syndrome in adult patients. Crit Care Med 2003; 31(4
Suppl):$317-5323.

6. Perina DG. Noncardiogenic pulmonary edema. Emerg Med Clin
North Am 2003; 21(2):385-393.

7. Coalson JJ, deLemos RA. Pathologic features of various ventilatory
strategies. Acta Anaesthesiol Scand Suppl 1989; 90:108-116.

8. Hamilton PP, Onayemi A, Smyth JA, et al. Comparison of conven-
tional and high-frequency ventilation: oxygenation and lung pathol-
ogy. ] Appl Physiol 1983; 55(1 Pt 1):131-138.

9. McCulloch PR, Forkert PG, Froese AB. Lung volume maintenance pre-
vents lung injury during high frequency oscillatory ventilation in sur-

48  AARC Times October 2008

factant-deficient rabbits. Am Rev Respir Dis 1988; 137(5):1185-1192.

10. Mehta S, Granton ], MacDonald R], et al. High-frequency oscillatory
ventilation in adults: the Toronto experience. Chest 2004; 126(2):518-527.
11. Imai Y, Kawano T, Miyasaka K, et al. Inflammatory chemical media-
tors during conventional ventilation and during high frequency oscilla-
tory ventilation. Am ] Respir Crit Care Med 1994; 150(6 Pt 1):1550-1554.
12. Yoder BA, Siler-Khodr T, Winter VT, Coalson JJ. High-frequency oscil-
latory ventilation: effects on lung function, mechanics, and airway cy-
tokines in the immature baboon model for neonatal chronic lung
disease. Am ] Respir Crit Care Med 2000; 162(5):1867-1876.

13.Imai Y, Nakagawa S, Ito Y, et al. Comparison of lung protection
strategies using conventional and high-frequency oscillatory ventila-
tion. ] Appl Physiol 2001; 91(4):1836-1844.

14. Andersen FA, Guttormsen AB, Flaatten HK. High frequency oscilla-
tory ventilation in adult patients with acute respiratory distress syn-
drome — a retrospective study. Acta Anaesthesiol Scand 2002;
46(9):1082-1088.

15. Cartotto R, Cooper AB, Esmond JR, et al. Early clinical experience
with high-frequency oscillatory ventilation for ARDS in adult burn pa-
tients. ] Burn Care Rehabil 2001; 22(5):325-333.

16. Claridge JA, Hostetter RG, Lowson SM, Young JS. High-frequency os-
cillatory ventilation can be effective as rescue therapy for refractory
acute lung dysfunction. Am Surg 1999; 65(11):1092-1096.

17. Mehta S, Lapinsky SE, Hallett DC, et al. Prospective trial of high-fre-
quency oscillation in adults with acute respiratory distress syndrome.
Crit Care Med 2001; 29(7):1360-1369.

18. Fort P, Farmer C, Westerman J, et al. High-frequency oscillatory ven-
tilation for adult respiratory distress syndrome — a pilot study. Crit
Care Med 1997; 25(6):937-947.

19. Mehta S, Lapinsky SE, Hallett DC, et al. Prospective trial of high-fre-
quency oscillation in adults with acute respiratory distress syndrome
2001; 29(7):1360-1369.

20. Derdak S, Mehta S, Stewart TE, et al. High-frequency oscillatory ven-
tilation for acute respiratory distress syndrome in adults: a random-
ized, controlled trial. Am ] Respir Crit Care Med 2002; 166(6):801-808.
21. Kao KC, Tsai YH, Wu YK, et al. High-frequency oscillatory ventila-
tion for surgical patients with acute respiratory distress syndrome. J
Trauma 2006; 61(4):837-843.

22. Cartotto R, Ellis S, Smith T. Use of high-frequency oscillatory venti-
lation in burn patients. Crit Care Med 2005; 33(3 Suppl):S175-S181.

23. Marini JJ. Recruitment maneuvers to achieve an “open lung” —
whether and how? Crit Care Med 2001; 29(8):1647-1648.

24. Goddon S, Fujino Y, Hromi JM, Kacmarek RM. Optimal mean airway
pressure during high-frequency oscillation: predicted by the pressure-
volume curve. Anesthesiology 2001; 94(5):862-869.

25. Wolf GK, Arnold JH. Noninvasive assessment of lung volume: respi-
ratory inductance plethysmography and electrical impedance tomog-
raphy. Crit Care Med 2005; 33(3 Suppl):S163-169.

26. Fan E, Mehta S. High-frequency oscillatory ventilation and adjunc-
tive therapies: inhaled nitric oxide and prone positioning. Crit Care
Med 2005; 33(3 Suppl):5182-5187.

27. Lowson SM. Inhaled alternatives to nitric oxide. Crit Care Med 2005;
33(3 Suppl):S188-S195.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (None)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts false
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveEPSInfo true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.50000
    0.50000
    0.50000
    0.50000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.12500
    0.12500
    0.12500
    0.12500
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /DEU <>
    /FRA <>
    /JPN <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF004300610064006d007500730020004d00650064006900610057006f0072006b0073002000730065007400740069006e00670073002000760065007200730069006f006e00200043004d0057005f0041006300720036005f00560032002e002000200041006c006c002000730065007400740069006e0067007300200070006f00730074006500640020006f006e0020007700770077002e006300610064006d00750073006d00650064006900610077006f0072006b0073002e0063006f006d002e00200020>
  >>
>> setdistillerparams
<<
  /HWResolution [150 150]
  /PageSize [612.000 792.000]
>> setpagedevice


