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EDITORIAL

Evidence-based  oxygen therapy:  Missed and future  opportunities

Oxigenoterapia  baseada  na  evidência:  Oportunidades  perdidas  e  futuras

Two  landmark  trials  conducted  more  than 30  years  ago
provided  scientific  evidence  that,  under  very  specific  cir-
cumstances,  long-term  oxygen  therapy  (LTOT)  may  prolong
life.1,2 These  two  trials  targeted  patients  with  chronic
obstructive  pulmonary  disease  (COPD)  and  severe  daytime
hypoxemia  documented  by  direct  arterial  blood  gas  mea-
surement.

Although  the  survival  benefits  of  LTOT  in COPD  are
real,  home  oxygen  is  not  a  panacea.  In the British  Medi-
cal  Research  Council’s  trial,  500  days  elapsed  before  any
effect  of  LTOT  on  survival  appeared,  when  compared  to  no
oxygen  therapy  at all.1 Overall,  at  5-year  follow-up,  those
who  received  oxygen  had  improved  survival:  19  of 42  (42%)
had  died,  compared  to  30  of  the 45  control  patients  (66%).
The  difference  (24%)  corresponds  to  a  number  needed  to
treat  (NNT)  of  5, which  means  that 5  patients  must  receive
oxygen  during  5 years  in order  to  prevent  one death  over
the  same  period.  Similarly,  the  American  Nocturnal  Oxygen
Therapy  trial  randomly  assigned  patients  to  receive  oxygen
for  either  12  h  a  day (nocturnal  group)  or  24 h  a day (con-
tinuous  group).2 The  latter  group  actually  received  oxygen
for  an  average  of  19  h a  day.  All received  oxygen  therapy
during  sleep.  At  24  months,  the overall  mortality  in the
continuous  group  was  22.4%,  whereas  it  was  40.8%  in  the
nocturnal  group  (absolute  difference:  18.4%;  p = 0.01).
The  corresponding  NNT  was  therefore  6.

The  good  news  from  both  trials  was  that  ‘‘oxygen
saves  lives’’.  From this  moment,  oxygen  therapy  became
a  standard  of  care,  and  confirmatory  trials  would  be consid-
ered  by  many  as  unethical.  Unfortunately,  beyond  survival,
the  effects  of  LTOT  on  quality  of  life  remain  largely  unex-
plored  in  randomized  controlled  trials.  Both the  British
and  the  American  trials  were  conducted  before  the era
of  quality-of-life  questionnaires.  Although  suggestion  from
uncontrolled  studies  has  been  made  that  oxygen  therapy
improves  quality  of life,3 clinical  experience  rather  suggests
that  LTOT  may  limit  the  patients’  ability  to  remain  active
and  may  be  detrimental  to  the rehabilitation  process.

Thereafter,  oxygen  therapy  gained  widespread  accep-
tance  by  official  organizations  for treatment  of most  chronic

cardio-respiratory  conditions  complicated  by  severe  hypox-
emia,  even  if proof  of efficacy  is  lacking.  These  conditions
now  largely  go  beyond  COPD  and  include,  among  others,
cystic  fibrosis,4 interstitial  lung  diseases,5 and pulmonary
arterial  hypertension.6 In  only  rare  exceptions  (such  as
obesity  hypoventilation7 and  chronic  heart  failure8), the
indication  of oxygen  in  patients  with  severe  hypoxemia  is
questioned.  Also,  new  indications  of  oxygen  therapy  in COPD
(such  as  nocturnal  oxygen  therapy in  patients  with  isolated
nocturnal  oxygen  desaturation,  or  ambulatory  oxygen  to  cor-
rect  exercise-induced  desaturation)  have  emerged.  To  these
extended  indications  of  home  oxygen,  one  must  add  that,
even  in  COPD,  inappropriate  prescriptions  of  home  oxygen
therapy are  not unusual.9 Oxygen  is  everywhere.

Home  oxygen  therapy  is  very  expensive.  For instance,
in  the  Canadian  cohort  of the Confronting  COPD  Survey
(3265  individuals;  mean  age:  63  years;  44%  female),  oxygen
therapy accounted  for 17%  of  the entire  annual  direct  costs
of  COPD  care.10 Also,  home  oxygen  therapy  imposes  sacri-
fices  on  patients  and  their  families.  It is  therefore  surprising
that  it is  so  readily  accepted  by  patients,  health  care  profes-
sionals  and  payers,  despite  the  lack  of  evidence  to support
its  use  in most circumstances.  Why  is  that  so?  In  addition
to being  safe  and readily  available,  the problem  with  oxy-
gen is  that its prescription  always  makes  sense:  if oxygen
desaturation  exists,  its  correction  should  help.

This  reasoning  was  common  before  the introduction
of ‘‘evidence-based  medicine’’,  when  the  study  and
understanding  of  basic  mechanisms  of  disease  and  patho-
physiologic  principles  were  considered  sufficient  to  guide
clinical  practice.11 A famous  example  proved  the  contrary.
Since  ventricular  arrhythmias  are an important  cause  of
death  following  acute  myocardial  infarction,  their  sup-
pression  was  expected  to  decrease  mortality.  The  Cardiac
Arrhythmia  Suppression  trial  (CAST)  was  stopped  early  after
patients  allocated  to  receive  potent  anti-arrhythmic  drugs
were  found  to  have an increased  mortality  rate  when
compared  to  those  receiving  placebo.12 Similar  examples,
although  less  dramatic,  exist  in the  field  of  oxygen  therapy.
For  instance,  although  oxygen  corrects  oxygen  desaturation
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and  improves  walked  distance  in patients  with  COPD
and  exercise-induced  desaturation  in laboratory  testing,13

other  trials  have  failed  to demonstrate  any  long-term
benefit.14---17

Before  the introduction  of  ‘‘evidence-based  medicine’’,
another  assumption  guiding  clinical  practice  was  that  unsys-
tematic  observations  from  clinical  experience  were  a  valid
way  of  building  and  maintaining  knowledge  about  the  effi-
cacy  of  treatment.11 Clinicians’  memory  is  often  selective.
The  observations  they  recall  are  often  anecdotal  and  limited
to  their  best  or  worst  experiences.  In  the case  of oxygen
therapy,  bad  experiences  seldom  occur.  The  consequence  is
that  prescriptions  of  home  oxygen  therapy  are  well  anchored
into clinical  practice  and  almost  never  challenged.

Twenty  years  ago,  a shift  of  paradigm  operated.
Evidence-based  medicine  was  put  forward.18 Evidence  based
medicine  is  the  conscientious,  explicit,  and judicious  use
of  current  best evidence  in making  decisions  about  the
care  of  individual  patients.19 The  assumptions  of  the  new
paradigm  were  then  described  as  follows:  (1)  the  study
and  understanding  of  mechanisms  of  disease  are necessary
but  insufficient  guides  for clinical  practice;  (2)  systematic
observations  increase  the  confidence  clinicians  can  have  in
knowledge  about  efficacy  of  treatments;  (3)  understanding
certain  rules  of  evidence  is  necessary  to  correctly  interpret
the  medical  literature.11

This  new  paradigm  guided  us in the development
and  implementation  of  the International  Nocturnal  Oxy-
gen  (INOX)  trial, a  multi-centre,  randomized,  placebo-
controlled  trial  of nocturnal  oxygen  therapy  in COPD
(ClinicalTrtials.gov  id:  NCT01044628).  Prior  observations
suggested  that  nocturnal  oxygen  desaturation  may  acceler-
ate  the  natural  progression  of  COPD  toward its end stages
of  severe  hypoxemia,  right  heart  failure,  and death.20,21

Until  recently,  it  was  often  recommended  in Canada  (and
elsewhere  around  the world)  that  nocturnal  oxygen  be
considered  if desaturation  occurs  for  protracted  periods.
However,  current  evidence  from  two  small randomized  con-
trolled  trials22,23 and  their  meta-analysis24 does  not  support
this  recommendation.  The  cost-effectiveness  of  nocturnal
oxygen  is  unknown.  The  INOX  trial, in which  4 clinical  sites
in  Portugal  (Matosinhos,  Vila  Nova  de  Gaia,  Coimbra  and
Lisboa)  participate,  is  intended  to  address  this important
clinical  question.

Of  note,  even  when  data  from  randomized  trials  exist,  its
translation  into  clinical  practice  may  be  problematic.  This  is
seen  especially  in the case  of  negative  trials.  Our  experience
with  a  randomized  trial  of  ambulatory  oxygen  in oxygen-
dependent  patients  with  COPD  illustrates  this  situation.25 In
a  one-year,  randomized,  three-period,  crossover  trial,  we
allocated  24  patients  to  one of the 6  possible  sequences
generated  by  3 interventions:  (1)  standard  therapy  (home
oxygen  therapy  with  an oxygen concentrator  only);
(2)  standard  therapy plus  as-needed  ambulatory  oxygen;
(3)  standard  therapy  plus  ambulatory  compressed  air.  The
comparison  of  ambulatory  oxygen  vs.  ambulatory  com-
pressed  air  was  double  blind.  The  main  outcomes  were
quality  of  life,  exercise  tolerance  and  daily  duration  of expo-
sure  to oxygen.  The  trial  was  stopped  prematurely  after a
planned  interim  analysis.  On  average,  the patients  used few
ambulatory  cylinders  and ambulatory  oxygen had no  effect
at  all  on  any  of  the outcomes.  Our  results  did  not  support

the  widespread  provision  of  ambulatory  oxygen  to  patients
with  oxygen-dependent  COPD.

The  results  of  our  trial  challenged  the  recommendation
that  active  patients  receiving  LTOT  should  have both  station-
ary  and  mobile  systems  of  oxygen delivery.26,27 The  sample
size  of  our  trial  was  small.  However,  for  both  quality  of  life
and  exercise  capacity,  the  95%  confidence  intervals  around
the mean  treatment  effect  included  zero  (i.e.,  no  effect)
and  excluded  what  is usually  considered  as  the  minimal  clin-
ically  important  difference,  a clear  demonstration  that  the
negative  results  were not from  a lack  of  power  to  detect
a  clinically  significant  difference.  We  rather  interpreted  the
negative  results  as  a  real indication  of  no  benefit  from  ambu-
latory  oxygen  under  the circumstances  of the  study.  Our
results  were  recently  confirmed  by a  related  trial.28 How-
ever,  we  are  still  facing  clinicians’  reluctance,  even  in our
own  institution,  to limit  the prescriptions  of  ambulatory  oxy-
gen  in oxygen-dependent  COPD  patients.

Home  oxygen  therapy  still  offers  a  multitude  of research
opportunities  in COPD.29 The  INOX  trial  is  only  one  of  them.
The  effects  of home  oxygen  therapy  in most  cardiopul-
monary  conditions  (including  interstitial  lung  diseases,
cystic  fibrosis,  pulmonary  arterial  hypertension  and  chronic
heart  failure)  remain  unexplored.  Randomized  trials  repre-
sent  the most  powerful  method  to  address  these  important
clinical  questions.  Cost-effectiveness  analyses  are  also
needed.  Suggestion  has been  made  that  multicenter  clini-
cal  research  networks  should  be established  to  perform  such
clinical  trials.30 Such  efforts  are  challenging  as  they  require
time,  money  and  commitment  from  all  investigators  to  bring
the  clinical  trials  to  their ends.  However,  this  investment  is
certainly  worth  it for the patients  and  those  who  will  have
to  financially  support  LTOT.

Conflicts  of interest

The  authors  have  no  conflicts  of  interest  to  declare.

References

1. Medical Research Council Working Party. Long term domiciliary
oxygen therapy in chronic hypoxic cor pulmonale complicat-
ing chronic bronchitis and emphysema. Report of  the Medical
Research Council Working Party. Lancet. 1981;1:681---6.

2. Nocturnal Oxygen Therapy Trial Group. Continuous or nocturnal
oxygen therapy in hypoxemic chronic obstructive lung disease: a
clinical trial. Nocturnal Oxygen Therapy Trial Group. Ann Intern
Med. 1980;93:391---8.

3. Crockett AJ, Cranston JM, Moss JR, Alpers JH. Effects of long-
term oxygen therapy on  quality of  life and survival in chronic
airflow limitation. Monaldi Arch Chest Dis. 1999;54:193---6.

4. Yankaskas JR, Marshall BC, Sufian B, Simon RH, Rodman D.
Cystic fibrosis adult care: consensus conference report. Chest.
2004;125:1S---39S.

5. Bradley B, Branley HM, Egan JJ, Greaves MS, Hansell DM, Har-
rison NK,  et al. Interstitial lung disease guideline: the British
Thoracic Society in collaboration with the Thoracic Society of
Australia and New Zealand and the Irish Thoracic Society. Tho-
rax. 2008;63 Suppl. 5:v1---58.

6. Badesch DB, Abman SH, Simonneau G, Rubin LJ, McLaugh-
lin VV. Medical therapy for pulmonary arterial hypertension:
updated ACCP evidence-based clinical practice guidelines.
Chest. 2007;131:1917---28.

258 EDITORIAL



7. Mokhlesi B, Tulaimat A. Recent advances in obesity hypoventi-
lation syndrome. Chest. 2007;132:1322---36.

8. Swedberg K, Cleland J, Dargie H, Drexler H, Follath F,  Komajda
M, et al. Guidelines for the diagnosis and treatment of  chronic
heart failure: executive summary (update 2005): the Task Force
for the Diagnosis and Treatment of Chronic Heart Failure of the
European Society of  Cardiology. Eur Heart J.  2005;26:1115---40.

9. Guyatt GH, McKim DA, Austin P, Bryan R, Norgren J,  Weaver
B, et al. Appropriateness of domiciliary oxygen delivery. Chest.
2000;118:1303---8.

10. Chapman KR, Bourbeau J,  Rance L.  The burden of  COPD in
Canada: results from the Confronting COPD survey. Respir Med.
2003;97 Suppl. C:S23---31.

11.  Evidence-Based Medicine Working Group. Evidence-based
medicine. A new approach to teaching the practice of  medicine.
JAMA. 1992;268:2420---5.

12. The Cardiac Arrhythmia Suppression Trial (CAST) Investiga-
tors. Preliminary report: effect of  encainide and flecainide
on mortality in a randomized trial of arrhythmia suppression
after myocardial infarction. The Cardiac Arrhythmia Sup-
pression Trial (CAST) Investigators. N  Engl J  Med. 1989;321:
406---12.

13. Bradley JM, Lasserson T, Elborn S,  Macmahon J, O’Neill B. A
systematic review of  randomized controlled trials examining
the short-term benefit of  ambulatory oxygen in COPD. Chest.
2007;131:278---85.

14. Eaton T, Garrett JE, Young P, Fergusson W,  Kolbe J, Rud-
kin S, et al. Ambulatory oxygen improves quality of life of
COPD patients: a randomised controlled study. Eur Respir J.
2002;20:306---12.

15. McDonald CF, Blyth CM,  Lazarus MD, Marschner I,  Barter CE.
Exertional oxygen of  limited benefit in patients with chronic
obstructive pulmonary disease and mild hypoxemia. Am J  Respir
Crit Care Med. 1995;152:1616---9.

16. Nonoyama ML,  Brooks D,  Guyatt GH, Goldstein RS. Effect of oxy-
gen on health quality of  life in patients with chronic obstructive
pulmonary disease with transient exertional hypoxemia. Am J
Respir Crit Care Med. 2007;176:343---9.

17. Moore RP, Berlowitz DJ, Denehy L,  Pretto JJ, Brazzale DJ, Sharpe
K, et al. A randomised trial of domiciliary, ambulatory oxy-
gen in patients with COPD and dyspnoea but without resting
hypoxaemia. Thorax. 2011;66:32---7.

18. Guyatt GH. Evidence-based medicine. Ann Intern Med. 1991;114
Suppl. 2 ACP J  Club:A-16.

19. Sackett DL, Rosenberg WM, Gray JA, Haynes RB, Richardson WS.
Evidence based medicine: what it is and what it isn’t. BMJ.
1996;312:71---2.

20.  Flenley DC.  Clinical hypoxia: causes, consequences, and correc-
tion. Lancet. 1978;1:542---6.

21. Block AJ, Boysen PG, Wynne JW. The origins of  cor pulmonale;
a hypothesis. Chest. 1979;75:109---10.

22. Fletcher EC, Luckett RA, Goodnight-White S, Miller CC, Qian W,
Costarangos-Galarza C. A double-blind trial of nocturnal supple-
mental oxygen for sleep desaturation in patients with chronic
obstructive pulmonary disease and a daytime PaO2 above 60 mm
Hg. Am Rev Respir Dis. 1992;145:1070---6.

23. Chaouat A, Weitzenblum E, Kessler R, Charpentier C, Enrhart M,
Schott R, et al. A randomized trial of nocturnal oxygen therapy
in chronic obstructive pulmonary disease patients. Eur Respir J.
1999;14:1002---8.

24. Cranston JM, Crockett AJ, Moss JR, Alpers JH. Domiciliary
oxygen for chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2005:CD001744.

25. Lacasse Y,  Lecours R, Pelletier C, Begin R, Maltais F. Randomised
trial of  ambulatory oxygen in oxygen-dependent COPD. Eur
Respir J. 2005;25:1032---8.

26. Celli BR, MacNee W. Standards for the diagnosis and treat-
ment of  patients with COPD: a summary of  the ATS/ERS position
paper. Eur Respir J. 2004;23:932---46.

27. National Institute for Clinical Excellence (NICE). Chronic
obstructive pulmonary disease. National clinical guideline on
management of chronic obstructive pulmonary disease in adults
in primary and secondary care. Thorax. 2004;59 Suppl. 1:1---
232.

28. Casaburi R, Porszasz J,  Hecht A, Tiep B, Albert RK, Anthonisen
NR, et  al. Influence of lightweight ambulatory oxygen on oxygen
use and activity patterns of COPD patients receiving long-term
oxygen therapy. COPD. 2012;9:3---11.

29. Croxton TL, Bailey WC. Long-term oxygen treatment in chronic
obstructive pulmonary disease: recommendations for future
research: an NHLBI workshop report. Am J Respir Crit Care Med.
2006;174:373---8.

30. Croxton TL, Weinmann GG,  Senior RM, Wise RA, Crapo JD,
Buist AS. Clinical research in chronic obstructive pulmonary
disease: needs and opportunities. Am J Respir Crit Care Med.
2003;167:1142---9.

Y.  Lacasse ∗, S.  Bernard,  F. Maltais
Centre  de  Recherche,  Institut  Universitaire  de  Cardiologie

et  de  Pneumologie  de  Québec  (Hôpital  Laval),  2725

Chemin  Ste-Foy,  Québec,  Québec,  G1V  4G5,  Canada

∗ Corresponding  author.
E-mail  address:  Yves.Lacasse@med.ulaval.ca  (Y. Lacasse).

EDITORIAL 259


