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Which patients with moderate hypoxemia benefit 
from long-term oxygen therapy? ways forward

Magnus ekström1

Thomas Ringbaek2

1Department of Respiratory Medicine 
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Hospital, Lund University, Lund, 
Sweden; 2Respiratory Department, 
Hvidovre Hospital, Copenhagen, 
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Abstract: Long-term oxygen therapy (LTOT) improves prognosis in patients with COPD and 

chronic severe hypoxemia. The efficacy in moderate hypoxemia (tension of arterial oxygen; on 

air, 7.4−8.0 kPa) was questioned by a recent large trial. We reviewed the evidence to date (five 

randomized trials; 1,191 participants, all with COPD). Based on the current evidence, the survival 

time may be improved in patients with moderate hypoxemia with secondary polycythemia or 

right-sided heart failure, but not in the absence of these signs. Clinically, LTOT is not indicated 

in moderate hypoxemia except in the few patients with polycythemia or signs of right-sided 

heart failure, which may reflect more chronic and severe hypoxemia.

Keywords: survival, oxygen therapy, hypoxemia, COPD

Introduction
Long-term oxygen therapy (LTOT) improved prognosis in patients with COPD and 

chronic severe hypoxemia in the NOTT and MRC randomized controlled trials (RCTs) 

conducted in the 1970s (n=290).1,2 Based on the inclusion criteria of these trials,1,2 the 

established indications for LTOT are chronic severe hypoxemia (tension of arterial 

oxygen [PaO
2
] on air #7.3 kPa) or moderate hypoxemia (7.4−8.0 kPa) with concur-

rent polycythemia (erythrocyte volume fraction [EVF] .0.54) or signs of right-sided 

heart failure or pulmonary hypertension.3 Chronicity was defined as the resting daytime 

hypoxemia at least 3 weeks apart despite optimal therapy of the underlying disease(s) 

and the patient being in stable clinical condition.2

LTOT is given to prolong survival, and published evidence pertains to patients 

with COPD.4,5 A recent Cochrane report found no evidence for benefit from LTOT 

on breathlessness or health-related quality of life in the absence of severe resting 

hypoxemia.6 Surveys from several countries report that ∼15%–45% of the patients 

on LTOT do not meet the hypoxemia criteria and that many patients on LTOT have 

moderate hypoxemia.7 The effect of LTOT on mortality in moderate hypoxemia has 

been questioned,4,8 most recently by the large Long-Term Oxygen Therapy Trial 

(LOTT; n=738).5 We aimed to evaluate the effect of LTOT on mortality to inform 

its clinical usefulness and research priorities in patients with COPD and moderate 

hypoxemia. We also aimed to identify trial characteristics that could explain the 

differences in outcomes between studies with focus on the required level and chronicity 

of hypoxemia.

Methods
We identified studies fulfilling all the inclusion criteria: RCT design; compared LTOT, 

defined as oxygen therapy prescribed $15 h/day, with air or no LTOT; included 
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patients with COPD and moderate hypoxemia; and reported 

outcome data on mortality. Trials were identified by search-

ing Medline using keywords (“oxygen therapy” or “LTOT”), 

reference lists of published Cochrane reports,4,6 recent clinical 

guidelines,3 and papers in the field5 up to May 19, 2017. 

Abstracts were screened against the eligibility criteria by 

Magnus Ekström. Data from full-text articles were extracted 

and cross-validated by both authors independently. Extracted 

data included study design, publication year, eligibility 

criteria, number of participants with moderate hypoxemia, 

study interventions, blinding, and findings. Disagreements 

were solved through consensus, and data were tabulated. 

Focus was on relating the difference in outcomes between 

studies to eligibility criteria including the required level and 

chronicity of hypoxemia. Meta-analysis was not performed 

due to heterogeneity in study designs and insufficient reported 

outcome data for people with moderate hypoxemia.

Results
After screening 9,075 records, a total of five RCTs1,2,5,8,10 

(1,191 participants) of the efficacy of LTOT on mortality 

were included (Table 1). All participants had COPD, and the 

majority were men. Current smokers were included in the 

MRC trial (52% in the oxygen group and 33% in the control 

group) and in the NOTT (38% smoked regularly at the time 

of the study), whereas smoking was a contraindication for 

participation in the other three trials. None of the trials were 

blinded (Table 1). Moderate resting hypoxemia was defined 

as a PaO
2
 (air) $7.4 kPa in all studies except LOTT where 

it was defined as a saturation using pulse oximetry (SpO
2
) 

of 89%−93%.

The number of participants with moderate hypoxemia 

was not separately reported in the NOTT and MRC trials. 

Moderate resting hypoxemia was present in all participants in 

the studies by Gorecka et al8 (n=135) and Haidl et al10 (n=28) 

and 419 of 738 participants (57%) in the LOTT.

LTOT prescribed 24 h/day decreased the mortality rate 

compared with oxygen only during the night in NOTT, and 

the effect was consistent between participants with PaO
2
 (air) 

above or below 6.9 kPa. More specific outcomes for the group 

with moderate hypoxemia were not reported in NOTT or 

MRC. In the subsequent three trials1,2,5 (n=582), there was no 

between-group difference in the mortality rate (Table 1).

In terms of eligibility criteria, participants were required 

to have stable hypoxemia across a defined time period in the 

NOTT (1 week), MRC (3 weeks), and in the trial by Gorecka 

et al (3 weeks). In the pilot study of Haidl et al,10 patients 

were included in the trial during a COPD exacerbation. In the T
ab
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Table 2 effect of LTOT in relation to level of hypoxemia and 
signs of chronicity

Hypoxemia level With signs of 
chronicity

Without signs of 
chronicity

Severe hypoxemia 
(PaO2 #7.3 kPa)

LTOT indicated LTOT; triala

Moderate hypoxemia 
(PaO2 7.4–8.0 kPa)

Unclear; trialb LTOT not indicated

Notes: Signs of chronicity include secondary polycythemia (evF .0.54) or signs of 
right-sided heart failure or pulmonary hypertension. aLTOT may be provided based 
on the NOTT1 and MRC2 study. We suggest the need for an efficacy trial of LTOT 
in people with PaO2 .7.0 kPa without signs of chronicity. bUsefulness of LTOT was 
supported by NOTT but is questionable in light of the LOTT; an efficacy trial is 
needed.
Abbreviations: evF, erythrocyte volume fraction; LTOT, long-term oxygen therapy; 
LOTT, Long-Term Oxygen Therapy Trial; PaO2, tension of arterial oxygen.

challenged (Table 2). Trials are needed on the efficacy of 

LTOT in people with: 1) moderate hypoxemia and signs of 

chronicity, based on the LOTT;1 2) PaO
2
 7.0−7.4 kPa, given 

the recent negative data in moderate hypoxemia, especially if 

trials in moderate hypoxemia and signs of chronicity turn out 

to be negative. Trials should establish and require chronicity 

of the hypoxemia and, in addition to survival, evaluate effects 

on hospitalizations, breathlessness, and quality of life where 

data are insufficient or lacking in severe hypoxemia.1,2

Conclusion
There is no evidence that LTOT has beneficial effect on 

patients with moderate hypoxemia without signs of chronic 

hypoxemia, and more studies are needed to establish solid 

evidence-based criteria for LTOT.
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