Innovation in Pulmonary Rehabilitation:
Experimenting With a Hybrid

Why does a study about the use of noninvasive venti-
lation (NIV) and helium-oxygen mixtures in pulmonary
rehabilitation call to mind a movie about World War 11?7
Released in 1949, Twelve O’Clock High was based on a
fictionalized version of the experiences of a writer who
had served under Brigadier General Frank Savage, the
officer responsible for implementing the use of precision
daylight bombing of German industry. In addition to being
hailed as a realistic portrayal of the stresses faced by Amer-
ican pilots and crews, this movie has been used to teach
business people how to survive management crises.

Toward the end of the movie, when the bombardier
crews needed supplemental oxygen, the men donned leather
masks that dropped from above. Those masks looked like
early incarnations of nonrebreathing masks, but actually
may have been pressure demand oxygen masks with a
valve to regulate the flow of oxygen.! These devices and
others that V Ray Bennett and Forrest Bird designed for
the military evolved into the intermittent positive-pressure
breathing units that respiratory therapists used to treat pa-
tients with asthma, chronic obstructive pulmonary disease
(COPD), congestive heart failure, pneumonia, and other
pulmonary disorders.>#

In the 1930s researchers conducted the first experiments
in the use of positive end-expiratory pressure (PEEP) to
treat patients with pulmonary edema.> Approximately
30 years later, early clinical applications of PEEP involved
submerging the distal limb of the expiratory circuit under
water. Soon, ventilator manufacturers designed valves to
provide end-expiratory pressure with volume ventilators.
In 1971, Petty and Ashbaugh reported on the use of PEEP
to treat patients with the acute respiratory distress syn-
drome.® And since then the use of PEEP has become wide-
spread among patients being ventilated through artificial
airways.

But the original generation of intermittent positive-pres-
sure breathing devices could not be used in conjunction
with PEEP. The creation of bi-level ventilators enabled
clinicians to use NIV with end-expiratory pressure for pa-
tients with neuromuscular diseases, obstructive sleep ap-
nea, and chronic respiratory diseases.”-® By the late 1980s,
clinicians were using NIV to treat acute respiratory failure,
and it is now a standard of care in many emergency de-
partments and critical care units for patients with cardio-
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genic congestive heart failure and COPD exacerbation.
Recently the American College of Chest Physicians and
the American Association of Cardiovascular and Pulmo-
nary Rehabilitation recommended the use of NIV during
pulmonary rehabilitation.”

Starting in the 1970s, studies on the use of helium-
oxygen mixtures were conducted on 2 different groups:
animals in the laboratory, and deep-sea divers. By 1979
the effect of helium and oxygen on reducing P, levels in
patients with COPD had been documented.!® In 1986 one
study showed a diminution in P, levels in healthy sub-
jects using a helium-oxygen mixture while exercising and
at rest.!! During the 1980s studies showed the positive
effects of the use of helium-oxygen mixtures on pre-term
infants with bronchopulmonary dysplasia,'? a patient with
upper-airway obstruction,'3 pediatric patients with post-
extubation stridor,'4'¢ and patients in status asthmaticus.!”
Thus, despite the technical challenges and cost issues as-
sociated with the use of helium-oxygen mixtures, its ef-
fectiveness has been documented in treating patients with
asthma, bronchiolitis, bronchopulmonary dysplasia, COPD
patients receiving mechanical ventilation, asthmatics, and
COPD patients during exercise.'® Earlier this year, inves-
tigators reported the successful use of a normoxic helium-
oxygen mixture in delivering oxygen to exercising patients
with COPD."?

SEE THE ORIGINAL STUDY ON PAGE 1175

In the paper by Allan and coauthors, the authors de-
scribe the results of an innovative exercise regimen for
COPD patients being treated in a military hospital.?° In a
novel approach designed to enhance exercise capacity, the
participants in this study performed constant-work cardio-
pulmonary exercise tests using 4 combinations of gas mix-
tures and NIV/placebo: compressed air with sham NIV
(placebo); compressed air with NIV; 60% helium/40% ox-
ygen with sham NIV; and 60% helium/40% oxygen with
NIV. It should be noted that the NIV device used in this
study provided pressure support, but not PEEP. The au-
thors found that the hybrid created by combining helium-
oxygen therapy with NIV was safe, tolerable, and feasible.
However, the efficacy of this regimen was inconsistent,

1163



INNOVATION IN PULMONARY REHABILITATION: EXPERIMENTING WITH A HYBRID

and the authors justifiably conclude that larger studies need
to be conducted.

This paper leaves researchers and clinicians working in
pulmonary rehabilitation with some choices. Researchers
may want to study what subgroups of COPD patients could
benefit most from the use of NIV or helium-oxygen mix-
tures alone and in combination; for example, studies in
which patients are stratified by the degree of obstruction
might help determine the individual and collective benefits
derived from these therapies. Perhaps PEEP will be avail-
able on future devices that combine NIV with the use of
helium-oxygen mixtures; if this innovation becomes real-
ity, researchers will be able to study the combined effects
of pressure support, end-expiratory pressure, and helium-
oxygen mixtures in pulmonary rehabilitation. This study
did not include COPD patients who were oxygen-depen-
dent at rest or with exertion; future studies could address
this patient population.

Clinicians working in pulmonary rehabilitation programs
may consider following the American College of Chest
Physicians/American Association of Cardiovascular and
Pulmonary Rehabilitation recommendation to see whether
their patients’ exercise tolerance improves by adding NIV.

Whether the use of NIV with helium-oxygen mixtures
becomes widespread in pulmonary rehabilitation or to treat
a specific patient population remains to be seen. But when
researchers combine 2 effective treatments into a single
regimen, they contribute to a process that will develop
another generation of hybrids.

And studies like this are a signal for clinicians to try out
treatments that once were innovative and have been proved
safe and effective.

Philip E Alkana MA RRT

Pulmonary, Critical Care, and Allergy Division
Boston Medical Center

Boston, Massachusetts

REFERENCES

1. Motley HL, Cournand A, Werko L, Dresdale DT, Himmelstein A,
Richards DW. Intermittent positive pressure breathing: a means of

The author has disclosed no conflicts of interest.

Correspondence: Philip E Alkana MA RRT, Pulmonary, Critical Care,
and Allergy Division, Boston Medical Center, 88 East Newton Street,
Boston MA 02118-2393. E-mail: phalkana@bmc.org.

1164

administering artificial respiration in man. JAMA 1948;137(4):370-
382.

2. Young JA, Crocker D. Principles and practice of inhalation therapy.
Chicago: Year Book Medical Publishers; 1970:161-162.

3. Miller, WF. Intermittent positive pressure breathing. In: Kacmarek
RM, Stoller JK, editors. Current respiratory care. Toronto: Decker;
1988:29-32.

4. Duffy SQ, Farley DE. Intermittent positive pressure breathing: old
technologies rarely die. Agency for Health Care Policy and Re-
search. AHCPR publication 94-0001; 1993:5.

5. Navalesi P, Maggiore SM. Positive end-expiratory pressure. In: To-
bin MJ, editor. Principles and practice of mechanical ventilation, 2nd
edition. New York: McGraw-Hill Medical; 2006:433.

6. Petty TL, Ashbaugh DG. The adult respiratory distress syndrome:
clinical features, factors influencing prognosis and principles of man-
agement. Chest 1971;60(3):233-239.

7. Mehta S, Hill NS. Noninvasive ventilation. Am J Respir Crit Care
Med 2001;163(2):540-577.

8. Pierson DJ. History and epidemiology of noninvasive ventilation in
the acute-care setting. Respir Care 2009;54(1):40-52.

9. Ries AL, Bauldoff GS, Carlin BW, Casaburi R, Emery CF, Mahler
DA, et al. Pulmonary rehabilitation executive summary: joint ACCP/
AACVPR evidence-based clinical practice guidelines. Chest 2007;
131(suppl 5):31S-32S.

10. Thiriet M, Douget D, Bonnet JC, Canonne C, Hatzfeld C. The effect
on gas mixing of a He-O, mixture in chronic obstructive lung dis-
eases [author’s translation]. Bull Eur Physiopathol Respir 1979;15(5):
1053-1068. Article in French.

11. Maillard D, Ben Jebria A, Hatzfeld A. Effect of He-O, breathing on
blood gases and ventilation during exercise in normal man. Bull Eur
Physiopathol Respir 1986;22(2):107-113.

12. Wolfson MR, Bhutani VK, Shaffer TH, Bowen FW Jr. Mechanics
and energetics of breathing helium in infants with bronchopulmo-
nary dysplasia. J Pediatr 1984;104(5):752-757.

13. Hessan H, Houck J, Harvey H. Airway obstruction due to lymphoma
of the larynx and trachea. Laryngoscope 1988;98(2):176-180.

14. Kemper KJ, Izenberg S, Marvin JA, Heimbach DM. Treatment of
postextubation stridor in a pediatric patient with burns: the role of
heliox. J Burn Care Rehabil 1990;11(4):337-339.

15. Kemper KJ, Benson MS, Bishop MJ. Predictors of postextubation
stridor in pediatric trauma patients. Crit Care Med 1991;19(3):352-
355.

16. Kemper KJ, Ritz RH, Benson MS, Bishop MS. Helium-oxygen mix-
ture in the treatment of postextubation stridor in pediatric trauma
patients. Crit Care Med 1991;19(3):356-359.

17. Gluck EH, Onorato DJ, Castriotta R. Helium-oxygen mixtures in
intubated patients with status asthmaticus and respiratory acidosis.
Chest 1990;98(3):693-698.

18. Valli G, Paoletti P, Savi D, Martolini D, Palange P. Clinical use of
heliox in asthma and COPD. Monaldi Arch Chest Dis 2007;67(3):
159-164.

19. Chiappa G, Queiroga F Jr, Meda E, Ferreira LF, Diefenthaeler F,
Nunes M, et al. Heliox improves oxygen delivery and utilization
during dynamic exercise in patients with chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med 2009;179(11):1004-1010.

20. Allan PF, Thomas KV, Ward MR, Harris AD, Naworol GA, Ward
JA. Feasibility study of noninvasive ventilation with helium-oxygen
gas flow for chronic obstructive pulmonary disease during exercise.
Respir Care 2009;54(9):1175-1182.

RESPIRATORY CARE ® SEPTEMBER 2009 VoL 54 No 9



