
CHEST Recent Advances in Chest Medicine

www.chestpubs.org CHEST / 138 / 1 / JULY, 2010  179

[contracts HHSN268200736183C, HHSN268200736184C, HSN
268200736185C, HHSN268200736186C, HHSN268200736187C, 
HHSN268200736188C, HHSN268200736189C, HHSN268200
736190C, HHSN268200736191C, HHSN268200736192C, HHSN
268200736193C, HHSN268200736194C, HHSN268200736195C, 
HHSN268200736196C, HHSN268200736197C, Y1-HR-7019-01, 
and Y1-HR-8076-01] in cooperation with the Centers for Medi-
care and Medicaid Services, Department of Health and Human 
Services. 
  Correspondence to:  Barry Make, MD, FCCP, National Jewish 
Health, 1400 Jackson St, K729, Denver, CO 80206; e-mail: 
makeb@njhealth.org 
  © 2010 American College of Chest Physicians.  Reproduction 
of this article is prohibited without written permission from the 
American College of Chest Physicians ( http://www.chestpubs.org/
site/misc/reprints.xhtml ). 
 DOI: 10.1378/chest.09-2555 

     Use of supplemental long-term oxygen therapy 
(LTOT) by patients with COPD is common, with 

more than 1 million Medicare recipients using oxy-
gen at an annual cost of more than $2 billion.  1,2   
Although current indications for LTOT are based on 
the results of older randomized trials,  3,4   a recent con-

ference identifi ed uncertainties regarding LTOT in 
COPD, including its effi cacy in patients with more 
moderate hypoxemia.  1   

 This article reviews the available evidence regard-
ing the effi cacy of LTOT for individuals with COPD 

 Long-term use of supplemental oxygen improves survival in patients with COPD and severe rest-
ing hypoxemia. However, the role of oxygen in symptomatic patients with COPD and more mod-
erate hypoxemia at rest and desaturation with activity is unclear. The few long-term reports of 
supplemental oxygen in this group have been of small size and insuffi cient to demonstrate a sur-
vival benefi t. Short-term trials have suggested benefi cial effects other than survival in patients 
with COPD and moderate hypoxemia at rest. In addition, supplemental oxygen appeared to 
improve exercise performance in small short-term investigations of patients with COPD and 
moderate hypoxemia at rest and desaturation with exercise, but long-term trials evaluating 
patient-reported outcomes are lacking. This article reviews the evidence for long-term use of 
supplemental oxygen therapy and provides a rationale for the National Heart, Lung, and Blood 
Institute Long-term Oxygen Treatment Trial. The trial plans to enroll subjects with COPD with 
moderate hypoxemia at rest or desaturation with exercise and compare tailored oxygen therapy 
to no oxygen therapy.   CHEST 2010; 138(1):179–187 

  Abbreviations:  LOTT  5  Long-term Oxygen Treatment Trial; LTOT  5  long-term oxygen therapy; MRC  5  Medical 
Research Council; NOD  5  nocturnal oxygen desaturation; NOTT  5  Nocturnal Oxygen Therapy Trial; PA  5  pulmonary 
artery; PVC  5  premature ventricular contraction; Sa o  2   5  arterial oxygen saturation; Sp o  2   5  oxygen saturation by pulse 
oximetry 
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with severe airfl ow limitation (mean FEV 1 , 0.58 L), 
marked hypoxemia (Pa o  2 , 49-52 mm Hg), hyper-
capnia (P co  2 , 56-59 mm Hg), and mild pulmonary 
hypertension were enrolled. Oxygen was delivered 
at 2 L/min (or higher if needed to achieve a Pa o  2   
.  60 mm Hg). Results in the 87 subjects showed that 
supplemental oxygen use improved survival (55% vs 
33% in controls;  P   ,  .05). Secondary outcome mea-
sures showed no signifi cant benefi t of supplemental 
oxygen (ie, days spent working, days spent in the hos-
pital for COPD exacerbations, RBC mass, pulmonary 
hemodynamics). The results of this trial established 
the survival advantage of nocturnal supplemental 
oxygen in subjects with COPD and severe resting 
hypoxemia. 

 Further evidence of enhanced survival benefi t with 
supplemental oxygen is provided by the National Insti-
tutes of Health NOTT.  4   The study assessed whether 
continuous supplemental oxygen improved survival 
compared with nocturnal oxygen. Eligible subjects had 
COPD and severe resting hypoxemia (Pa o  2   �  55 mm Hg 
or Pa o  2   �  59 mm Hg with either edema, poly-
cythemia [hematocrit,  �  55%], or P pulmonale on 
electrocardiogram). The study enrolled 203 subjects. 
Over a mean follow-up period of 19.3 months, use 
of continuous oxygen conferred a signifi cant survival 

and frames current clinical research needs. We 
review the evidence regarding use of LTOT for 
patients with severe hypoxemia at rest, moderate 
hypoxemia at rest, hypoxemia only during activity, 
and desaturation only at night. We analyzed articles 
from a Medline search of published literature in the 
English language on oxygen therapy in patients with 
COPD. Because the number of randomized con-
trolled trials are limited for subjects with less severe 
hypoxemia, we also reviewed nonrandomized trials. 
Finally, we introduce a recently launched multicenter 
National Heart, Lung, and Blood Institute trial (the 
Long-term Oxygen Treatment Trial [LOTT]) of sup-
plemental oxygen for patients with COPD and mod-
erate hypoxemia at rest or with desaturation only with 
exercise. 

 The Role of LTOT in Patients With 
COPD and Severe Hypoxemia at Rest 

 Survival 

 Supplemental oxygen is a well-established therapy 
with clear evidence for benefi t in patients with COPD 
and severe resting hypoxemia, which is defi ned as a 
room air Pa o  2   �  55 mm Hg or  �  59 mm Hg with signs 
of right-sided heart strain or polycythemia. Oxygen 
was the first treatment shown to prolong life in 
people with COPD.  3,4   Current recommendations 
for prescribing LTOT ( Table 1 )  are based on results 
from two randomized trials in patients with COPD 
published almost 30 years ago: the Nocturnal Oxygen 
Therapy Trial (NOTT) and the Medical Research 
Council (MRC) study ( Fig 1 ) .  3,4   

 The MRC study was a randomized controlled oxy-
gen therapy trial designed to assess whether use of 
supplemental oxygen for 15 h/d (including overnight) 
compared with no supplemental oxygen conferred a 
survival advantage over  �  3 years.  3   Eighty-seven subjects 

 Table 1— Current Indications for Continuous Oxygen 
Use in COPD  

Based on Randomized 
Controlled Clinical Trials 3,4 Based on Less Evidence a 

Continuous oxygen use Intermittent oxygen use
 Resting Pa o  2   �  55 mm Hg  Desaturation (Sp o  2   �  88%) 

  with activity
 Resting Pa o  2  of 56-59 mm Hg 

 with any one of the following:
 Desaturation (Sp o  2   �  88%) 
  at night

  Dependent edema
  P pulmonale on the 

  electrocardiogram (P wave 
exceeding 3 mm in standard 
lead II, III, or aVF)

  Polycythemia (hematocrit,  .  56%)

Sp o  2   5  oxygen saturation by pulse oximetry.
 a Reimbursed by the Centers for Medicare & Medicaid Services.

  

  Figure  1. Long-term oxygen therapy in Medical Research Coun-
cil and National Institutes of Health controlled trials in men aged 
 ,  70 years, examining the fraction of subjects surviving compared 
to the time from randomization or duration of treatment. COT  5  
continuous oxygen therapy  3  ; MRC  5  Medical Research Council  4  ; 
NOT  5  nocturnal oxygen therapy.  3     
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 The Role of LTOT in Patients With 
COPD and Moderate Hypoxemia 

 Mortality 

 In contrast with the results of the MRC study and 
NOTT, supplemental oxygen has not been shown to 
improve survival in patients with COPD and moder-
ate hypoxemia.  7,8   Górecka et al  7   randomly assigned 
135 patients with a resting room air Pa o  2  of 56 to 
65 mm Hg to receive supplemental oxygen for  .  17 h/d 
(to raise Pa o  2  to  �  65 mm Hg) or no supplemental 
oxygen. Over a mean observation of 40.9 months, 
cumulative survival in the treatment and control 
groups did not differ signifi cantly. Furthermore, no 
survival difference was observed for patients using 
supplemental oxygen for more than 15 h/day vs those 
using it for shorter periods. 

 Haidl et al  8   randomly assigned 28 patients with 
COPD (mean FEV 1 , 40.8  6  10.2% predicted) and 
moderate hypoxemia (mean Pa o  2 , 66.5  6  6.3 mm Hg) 
to supplemental oxygen (2 L/min for  .  15 h/d) or 
no supplemental oxygen for 3 years. At 1 year, cycle 
ergometry endurance time and end-exercise dysp-
nea were better in patients who received LTOT. The 
mortality rate was similar in both groups. 
Because of the small study population and large 
number of dropouts, later outcomes could not be 
assessed. 

 Analysis of the survival in these two studies 
in patients with COPD and moderate hypoxemia 
demonstrates no survival benefi t for LTOT (odds 
ratio, 1.39; 95% CI, 0.74-2.59).  9   However, these 
studies enrolled small numbers of subjects. As 
noted later in this article, the LOTT plans to enroll 
1,134 subjects and follow them for up to 4½ years 
to assess a potential benefi t in survival or hospital-
ization rate. 

 The Role of Supplemental Oxygen in 
Patients With Hypoxemia During Activity 

 Defi nition 

 Important challenges in ascertaining the effective-
ness of supplemental oxygen during activity in 
patients with COPD are the lack of uniform criteria 
for defi ning exertional desaturation and standardized 
exercise protocols. Threshold values for oxygen 
desaturation range from 88% to 90%, and relative 
declines vary from 2% to 5% in published investiga-
tions. Some studies require maintenance of the oxy-
gen saturation by pulse oximetry (Sp o  2 ) below a 
threshold value for a specifi ed interval (usually between 
0.5 min and 5 min) ( Table 2  ). The techniques for 
inducing exertion vary from activities of daily living 
to incremental maximal cycle ergometry. 

benefi t ( P   5  .01), with a relative risk of death of 1.94 
(95% CI, 1.17-3.24) with use of nocturnal oxygen 
compared with continuous oxygen. Among secondary 
outcome measures, hematocrit fell more in continu-
ous than in nocturnal oxygen users ( P   5  .008 at 
18 months), and pulmonary vascular resistance fell 
11.1% in continuous oxygen users but rose 6.5% in 
nocturnal oxygen users ( P   5  .04 at 6 months). Sub-
jects receiving continuous oxygen therapy averaged 
(mean  6  SD) 17.7  6  4.8 h/d, and subjects receiving 
nocturnal oxygen therapy averaged 12.0  6  2.5 h/d. 

 Results of the NOTT demonstrated that use of 
continuous supplemental oxygen enhanced survival 
compared with use of nocturnal supplemental oxy-
gen. Taken together with the results of the MRC 
study, the fi ndings suggest that in patients with COPD 
and resting hypoxemia, some oxygen is better than 
none, and continuous oxygen is better than nocturnal 
oxygen. 

 Pulmonary Hemodynamics 

 The effects of supplemental oxygen on pulmonary 
hemodynamics in patients with COPD using LTOT 
for  .  13 h/d also have been investigated.  5,6   Weitzen-
blum et al  5   evaluated 16 patients with severe COPD 
(mean FEV 1 , 0.89 L) and hypoxemia (mean Pa o  2 , 
59.3 mm Hg) over a mean of 78 months. Pulmonary 
artery (PA) pressure was measured by right-sided 
heart catheterization before and twice after initiating 
supplemental oxygen for  .  15 h/d to achieve a Pa o  2  
 �  65 mm Hg. Supplemental oxygen reversed a pre-
treatment trend toward worsening pulmonary hyper-
tension. Between the baseline measurement and the 
fi rst post-oxygen catheterization, mean PA pressure 
rose by 1.47 mm Hg, whereas over the ensuing 
31 months, mean PA pressure fell by 2.15 mm Hg. 

 In the longest hemodynamic study of patients with 
COPD and hypoxemia (mean PaO 2 , 55 mm Hg) 
receiving supplemental oxygen for a mean of 14.7 h/d, 
Zieli ń ski et al  6   measured PA pressures serially for up to 
6 years. In a subset (39 of 73) of subjects who under-
went follow-up right-sided heart catherization at 
2 years, mean PA pressure fell slightly from 25 mm Hg 
to 23 mm Hg. In those who continued supplemental 
oxygen for 4 years, mean PA pressure remained sta-
ble. In 12 subjects who completed 6 years of supple-
mental oxygen use, mean PA pressure fell from 
baseline to 2-year follow-up (from 25 mm Hg to 
21 mm Hg) but then returned to baseline values 
thereafter (mean PA pressure, 26 mm Hg at 4- and 
6-year follow-up). The authors concluded that sup-
plemental oxygen in patients with COPD and hypox-
emia caused a short-term decline in PA pressure 
followed by subsequent return and stabilization of PA 
pressures to baseline levels. 

 © 2010 American College of Chest Physicians
 by Kimberly Henricks on July 6, 2010chestjournal.chestpubs.orgDownloaded from 



182 Recent Advances in Chest Medicine

or Sp o  2   ,  90% on 6-min walk) predicted mortality 
with a relative risk of 2.63. The Pa o  2  slope (rate of 
change of Pa o  2  and oxygen consumption) during 
incremental cardiopulmonary exercise testing and age 
were the most signifi cant independent prognostic 
factors associated with survival in 120 patients with 
COPD.  24   In a cohort of 64 patients with hypercapnia 
followed for  �  15 years, the decline in arterial oxygen 
saturation (Sa o  2 ) and increase in Pa co  2  during exercise 

 Mortality 

 Several studies suggested that exertional desatura-
tion may portend a poor prognosis for patients with 
COPD.  10,20-23   In a retrospective review of 144 patients, 
Takigawa and coworkers  21   showed that a fall in 
Sp o  2   �  6% during a 6-min walk predicted mortality. 
Similarly, in a prospective study of 576 patients with 
stable COPD, Casanova and colleagues  22   demon-
strated that desaturation (a decrease in the Sp o  2   �  4% 

 Table 2— Studies of Oxygen Therapy in Subjects With COPD and Exertional Desaturation  

Authors No. Subject Characteristics  a  Design Benefi ts of Oxygen

Drummond et al  10  471 Severe COPD (moderate-severe 
  emphysema; mean FEV 1 , 0.73 L 

[continuous oxygen], 0.77 L [intermittent 
oxygen], 0.86 L [no oxygen group]) 
randomized to medical therapy in 
NETT; Pa o  2   .  60 mm Hg; desaturation 
to  ,  90% during treadmill walk

Retrospective review of patients 
  treated with continuous oxygen, 

intermittent supplemental oxygen, 
and no supplemental oxygen

No difference in survival

Stein et al  11  9 Severe COPD (mean FEV 1 , 0.87 L; 
  mean Pa o  2 , 63 mm Hg; range, 

50-78 mm Hg)

Treadmill exercise while breathing 
 30% oxygen or compressed air

Increased duration of exercise; 
  reduced minute ventilation; 

reduced tidal volume
McDonald et al  12  26 Severe COPD (mean FEV 1 , 0.9 L; 

  mean Pa o  2 , 69 mm Hg; mean 
Sa o  2 , 94%)

Double-blind randomized crossover 
  study comparing supplemental air or 

oxygen during 6MW and step tests 
after using either supplemental air 
or oxygen with activity for 6 weeks

Increased 6MW distance and 
  steps climbed; no change in 

Borg dyspnea score

Jolly et al  13  11 Severe COPD (mean FEV 1 , 0.9 L; 
  mean Pa o  2 , 74 mm Hg; Sp o  2  

reduction,  �  5% and absolute 
value  ,  90% during 6MW)

Double-blind, randomized, 
  placebo-controlled trial comparing 

supplemental oxygen and 
compressed air during 6MW

Increased 6MW distance; 
 reduced dyspnea

Somfay et al  14  10 Severe COPD (mean FEV 1 , 0.92 L; 
 mean Sa o  2  at rest, 95.7%; mean 
 Sa o  2  with exercise, 92%)

Single-blind randomized controlled 
  study comparing compressed air 

and 30%, 50%, 75%, and 100% 
oxygen during cycle exercise testing 
at 75% of maximal work rate

Increased exercise duration; 
  reduced dyspnea in dose-

dependent manner due 
to decreased dynamic 
hyperinfl ation and 
respiratory rate

Rooyackers et al  15  24 Moderate to severe COPD (mean 
  FEV 1 , 1.2 L; mean Pa o  2 , 

78.9 mm Hg; exercise 
Sa o  2 ,  ,  90%)

Ten-week inpatient pulmonary 
  rehabilitation program with general 

exercise training breathing 
either supplemental oxygen or 
room air

No difference in training 
 effect

Garrod et al  16  25 Severe COPD (mean FEV 1 , 0.76 L; 
  mean Pa o  2 , 63.6 mm Hg; 

exercise Sa o  2 , 82%)

Six-week pulmonary rehabilitation 
  training program using either 

compressed air or supplemental 
oxygen

Reduced breathlessness; no 
  effect on exercise tolerance, 

health status, mood state, or 
performance of daily activities

Wadell et al  17  20 COPD (median FEV 1  51.6% predicted 
  [air group], 39.3% predicted [oxygen 

group]; median Pa o  2  69.9 mm Hg 
[air group], 71.4 mm Hg [oxygen 
group] exercise Sa o  2 ,  �  92%)

Single-blind randomized controlled 
  study comparing supplemental 

oxygen or air during 8 weeks of 
exercise training three times/week 
for 30 min

No difference in training effect; 
  dyspnea less in subjects 

receiving air

Emtner et al  18  29 COPD (mean FEV 1 , 36% predicted; 
  Pa o  2 ,  .  55 mm Hg; exercise 

Sa o  2 ,  �  88%)

Double-blind trial comparing 
  supplemental oxygen and compressed 

air during 7 weeks of three 
times/week high-intensity cycle 
ergometry training

Improved maximal work rate; 
  increased exercise endurance; 

increased training work rate 
more rapidly; reduced exercise 
breathing rate

Eaton et al  19  41 COPD (mean FEV 1 , 25.9% predicted; 
  mean Pa o  2 , 69 mm Hg; mean exercise 

Sa o  2 , 82%)

Twelve-week double-blind randomized 
  crossover trial comparing compressed 

supplemental air and oxygen during 
dyspnea-inducing exertion

Improved health-related 
 quality of life

6MW  5  6-min walk test; NETT  5  National Emphysema Treatment Trial; Sa o  2   5  arterial oxygen saturation. See Table 1 for expansion of other 
abbreviation.
 a Pa o  2  assessed at rest while breathing room air, unless otherwise noted.
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daily activities compared with room air.  16   A meta-
analysis of oxygen supplementation during training 
in patients with COPD concluded that oxygen aug-
mented the benefi ts of exercise but emphasized the 
limited numbers of enrolled subjects and varied study 
design.  26   

 An additional study examined health-related quality 
of life in patients with COPD without concomitant 
pulmonary rehabilitation and exertional desaturation 
treated with supplemental oxygen. In 50 patients 
with COPD (Sa o  2 , 82%  6  5.4% after 6-min walk), 
Eaton and coworkers  19   evaluated the effect of 
12 weeks of supplemental oxygen on health-related 
quality of life in a double-blind, randomized, cross-
over trial. Supplemental oxygen signifi cantly improved 
respiratory and general health-related quality of life, 
anxiety, and depression. However, the effect of sup-
plemental oxygen on the 6-min walk distance and 
the Borg dyspnea scale did not correlate with the 
patient-reported outcomes, and 41% of the respond-
ers elected not to continue supplemental oxygen after 
the trial. 

 Other Outcomes 

 Cerebral Sa o  2  decreases during exercise in COPD. 
Supplemental oxygen reduces deoxyhemoglobin and 
improves cerebral oxygenation, thereby possibly help-
ing to sustain cerebral function during exertion.  27   

 As-Needed or Short-Burst Oxygen Therapy 

 Short duration, intermittent supplemental oxygen 
has been used to relieve breathlessness with exercise.  28-30   
There is no uniform defi nition of the amount or dura-
tion of oxygen therapy used for short periods of time. 
Published reports have used oxygen to relieve breath-
lessness as needed, before exercise, during exercise, or 
after exercise. 

 Several early studies suggested that short-burst 
oxygen immediately before or just after exertion 
reduces dyspnea and increases 6-min walk distance.  31-33   
Subsequent studies failed to demonstrate such ben-
efi ts.  34,35   Short-burst oxygen either before or after a 
6-min walk does not improve the distance walked or 
the Borg dyspnea scale in patients with COPD and 
normoxemia at rest and desaturation with exertion.  36   
Compared with air, supplemental oxygen after the 
completion of exercise decreases the time to recovery 
from dynamic hyperinfl ation but does not affect the 
time to return to baseline breathlessness or maximal 
perception of dyspnea during recovery.  37   Thus, there 
are few randomized controlled studies of short-term 
supplemental oxygen use. A metaanalysis of short-
burst oxygen therapy concluded that there is no 
reduction in breathlessness and inconsistent effects 
on exercise capacity.  38   

were signifi cantly greater in those who died.  23   A retro-
spective review of 471 subjects with emphysema, 
resting normoxemia, and exertional desaturation ran-
domized to medical treatment in the National Emphy-
sema Treatment Trial  10   demonstrated no differences in 
survival among subjects treated with continuous oxygen, 
intermittent oxygen, or no supplemental oxygen. 
Although exertional desaturation in patients with 
COPD and resting normoxemia appears to predict a 
poor prognosis, the effect of continuous supplemental 
oxygen on survival in this group has not been prospec-
tively assessed in a large population. 

 Dyspnea, Exercise Performance, and 
Health-Related Quality of Life 

 In some studies, supplemental oxygen has been 
shown to enhance exercise performance in patients 
with COPD who are normoxemic at rest but desat-
urate with exertion.  11-13   However, these studies 
only examined the effects of relatively short-term 
oxygen use. 

 In 11 patients with COPD and resting normox-
emia, the distance walked during 6 min increased 
from 391  6  36 m to 450  6  29 m, and the level of dys-
pnea decreased with supplemental oxygen but not 
with room air.  13   Somfay et al  14   examined the mecha-
nism for this improvement and showed that supple-
mental oxygen increases exercise endurance time and 
reduces respiratory rate and dynamic hyperinfl ation 
during exercise in patients with COPD and mild 
hypoxemia. In a 12-week double-blind, randomized, 
crossover study that compared use of supplemental 
oxygen and air in 26 patients with resting near-normal 
Sa o  2  (94%  6  2.1%), McDonald and colleagues  12   
found that supplemental oxygen acutely increased 
6-min walk distance and step test duration but did 
not have any long-term benefi t in exercise perfor-
mance, dyspnea, or quality of life. 

 Small studies of the short-term effects of supple-
mental oxygen in patients undergoing pulmonary 
rehabilitation suggested improvement in exercise 
performance but inconsistent outcomes on exercise 
training, an effect possibly related to methodologic 
variation.  15-18 ,25  During 7 weeks of high-intensity cycle 
ergometer exercise in patients with COPD and rest-
ing normoxemia, a higher maximal workload and 
greater endurance were demonstrated in the group 
treated with supplemental oxygen than in the group 
treated with compressed air.  17   In 24 patients with 
exertional desaturation to  ,  90%, supplemental oxy-
gen did not add to exercise performance or quality of 
life.  15   During pulmonary rehabilitation in 25 patients 
with exertional desaturation, supplemental oxygen 
reduced dyspnea but did not affect exercise toler-
ance, health status, mood state, or performance of 
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was seen in patients with COPD and isolated NOD 
who were randomized to nocturnal oxygen therapy 
for 3 years.  51   Therefore, based on limited available 
data in small numbers of subjects, it is unknown 
whether continuous supplemental oxygen therapy 
affects survival in patients with COPD and isolated 
NOD .  

 Sleep Quality 

 Sleep quality is poor in patients with COPD.  39-42,52-54   
Subjective complaints include diffi culty falling and 
staying asleep, morning tiredness, early awakenings, 
and excessive daytime sleepiness.  41,52-54   Objective 
assessment of sleep quality demonstrates increased 
sleep latency, decreased total sleep time, increased 
number of arousals, and a decrease in rapid eye 
movement sleep.  40,44   

 The results of studies investigating the effects of 
oxygen therapy on sleep quality are limited and con-
fl icting, with one study demonstrating improved sleep 
quality  40   and another noting no change.  44   Therefore, 
although sleep quality is known to be poor in patients 
with COPD, the effects of nocturnal supplemental 
oxygen therapy are unknown. 

 Other Outcomes 

 Premature ventricular contractions (PVCs) occur 
during the night in 64% of patients with COPD,  55   
with a frequency more than twice that during the 
day.  50   In patients with more signifi cant nocturnal 

 It is not clear whether patients with COPD who 
desaturate during the day with exercise also desatu-
rate at night. Because the mechanisms of desatura-
tion during exercise and during sleep differ, patients 
who desaturate with activity may not desaturate 
at night. 

 The Role of LTOT in Patients With 
COPD and Nocturnal Desaturation 

 Defi nition 

 Nocturnal oxygen desaturation (NOD) has been 
reported in patients with COPD with an awake 
Pa o  2   .  60 mm Hg.  39-45   The most signifi cant episodes 
of NOD occur during rapid eye movement sleep, 
with a reported prevalence of 27%.  46   However, there 
are no accepted standards for the level or duration 
of desaturation that defi ne NOD in patients with 
COPD  45-47   ( Table 3  ). 

 Mortality 

 Although retrospective data suggest a decreased 
survival in patients with NOD,  49   only a few studies 
examined the impact of nocturnal supplemental oxy-
gen therapy on mortality in patients with COPD and 
NOD.  7,48,51   In patients with mild to moderate daytime 
hypoxemia (Pa o  2 , 56-69 mm Hg) and associated 
NOD, no improvement in survival was noted with 
nocturnal supplemental oxygen therapy at the end of 
2 years.  48   A similar lack of improvement in survival 

 Table 3— Studies of Oxygen Therapy in Subjects With COPD and Nocturnal Desaturation  

Authors No. Subject Characteristics  a  Design Benefi ts of Oxygen

Górecka et al  7  135 COPD (mean FEV 1 , 0.83 L; 
  mean Pa o  2 , 60 mm Hg; range, 

56-69 mm Hg)

Randomized study of conventional 
  therapy vs conventional therapy 

plus continuous oxygen therapy 
(mean oxygen use, 14 h/d); 
followed over 3 years

No difference in survival, even 
  in those using oxygen  .  15 h/d; 

survival better with younger 
age, higher FEV 1 , and 
higher BMI

Chaouat et al  48  76 COPD (mean FEV 1 , 1.08 L in nocturnal 
  oxygen group and 0.98 L in controls; 

mean Pa o  2 , 62.7 mm Hg; range 
56-69 mm Hg; mean nocturnal 
Sp o  2 , 88%)

Randomized study of conventional 
  therapy vs conventional therapy 

plus supplemental nocturnal 
oxygen therapy; followed over 
2 years

No difference in survival and 
  pulmonary hemodynamics; no 

delay in need for supplemental 
oxygen (defi ned as Pa o  2   ,  55 mm 
Hg during the day)

Fletcher et al  49  16 COPD (mean FEV 1 , 1.42 L; mean 
  Pa o  2 , 76 mm Hg; isolated NOD 

Sp o  2   ,  90% for  �  5 min; nadir, 
 �  85%)

Randomized to supplemental 
  nocturnal oxygen therapy vs a 

sham control

No difference in survival 
  at the end of 3 years; small 

improvement in pulmonary 
hemodynamics

Calverly et al  40  6 Severe COPD (mean FEV 1 , 0.6 L 
  [all with FEV 1   ,  1 L]; mean Pa o  2 , 

48 mm Hg)

Sleep studies off and on 
 supplemental oxygen

Improved sleep quality compared 
 with control night

Fleetham et al  44  15 Severe COPD (mean FEV 1 , 24% 
 predicted; mean Pa o  2 , 52 mm Hg)

Sleep studies off and on 
 supplemental oxygen

No improvement in sleep quality

Flick and Block  50  10 Severe COPD (mean FEV 1 , 0.76 L; 
 mean Sa o  2 , 86%)

Continuous 24-h electrocardiogram 
  monitoring with and without 

supplemental oxygen (2 L/min)

Decrease in the number of 
 nocturnal PVCs

NOD  5  nocturnal oxygen desaturation; PVCs  5  premature ventricular contractions. See Tables 1 and 2 legends for expansion of other abbreviations.
 a Pa o  2  assessed at rest while breathing room air, unless otherwise noted.
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 It is hoped that LOTT will offer generalizable con-
clusions with regard to the safety, effi cacy, and cost-
effectiveness of LTOT in patients with COPD and 
moderate hypoxemia at rest or desaturation during 
exercise. Health-care practitioners are encouraged to 
refer candidates for the LOTT to one of the clinical 
centers listed at www.jhucct.com/lott/open/centers/
centers.htm. 
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