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Rationale: Short-term oxygen therapy (STOT) is often prescribed to allow patients with chronic obstructive pulmonary disease (COPD) 
to be discharged safely from hospital following an acute illness. This practice is widely accepted without being based on evidence.
Purpose: Our objective was to describe the characteristics and outcomes of patients with COPD who received STOT.
Patients and Methods: The study was a secondary analysis of the INOX trial, a 4-year randomised trial of nocturnal oxygen in 
COPD. The trial indicated that nocturnal oxygen has no significant effect on survival or progression to LTOT, allowing our merging of 
patients who received nocturnal oxygen and those who received placebo into a single cohort to study the predictors and outcomes of 
STOT regardless of the treatment received during the trial.
Results: Among the 243 participants in the trial, 60 required STOT on at least one occasion during follow-up. Patients requiring 
STOT had more severe dyspnoea and lung function impairment, and lower PaO2 at baseline than those who did not. STOT was 
associated with subsequent LTOT requirement (hazard ratio [HR]: 4.59; 95% confidence interval [CI]: 2.98–7.07) and mortality (HR: 
1.93; 95% CI: 1.15–3.24). The association between STOT and mortality was confounded by age, disease severity and comorbidities. 
Periods of STOT of more than one month and/or repeated prescriptions of STOT increased the probability of progression to LTOT 
(OR: 5.07; 95% CI: 1.48–18.8).
Conclusion: Following an acute respiratory illness in COPD, persistent hypoxaemia requiring STOT is a marker of disease 
progression towards the requirement for LTOT.
Keywords: oxygen therapy, short-term, long-term, mortality, chronic obstructive pulmonary disease

Plain Language Summary
Short-term oxygen therapy (STOT) is often prescribed to allow patients with COPD to be discharged safely from hospital following an 
acute illness. Persistent hypoxaemia after 1 month of STOT or more than 1 episode of STOT increase by 5 folds the probability of 
progression to long-term oxygen therapy.

Introduction
Patients with chronic obstructive pulmonary disease (COPD) may temporarily become severely hypoxemic during an 
acute exacerbation of the disease requiring hospitalization.1 In such circumstances, oxygen therapy for at least 15 to 18 
hours per day may be prescribed for a short period of time (usually up to 3 months before reassessment)2 to allow 
patients to be discharged safely from hospital. This is referred to as “short-term oxygen therapy” (STOT)2 and appears to 
be a common medical practice, although it is not based on evidence.3,4

Close follow-up of patients who are prescribed STOT is important. Studies in patients with COPD who received STOT in 
the course of an acute exacerbation indicate that up to 60% of such individuals will remain severely hypoxemic at 3-month 
follow-up and will require that supplemental home oxygen be continued.5–9 STOT then becomes long-term oxygen therapy 
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(LTOT) delivered in most cases for the remainder of the patient’s life. It is, however, recommended that oxygen be 
discontinued upon re-evaluation in those whose partial pressure in oxygen in arterial blood (PaO2) improves to the point 
that it exceeds the criteria for LTOT prescription.4 Unfortunately, formal reassessment of these patients is often neglected. 
Supplemental home oxygen following hospitalisation for an acute illness is often renewed without assessing patients for 
ongoing hypoxaemia.10–12 This situation has been identified by the Choosing Wisely initiative as one of the top five areas of 
improvement in adult pulmonary medicine.13

Characteristics of patients who received STOT in convalescence from an exacerbation, predictors of persisting severe 
hypoxaemia and long-term prognosis following STOT have not been well studied. This information is important in the 
development and testing of strategies to securely discontinue home oxygen in patients who recover sufficiently after an 
exacerbation.4 Our objectives were therefore to describe the characteristics and outcomes of patients with COPD who 
received STOT and to determine factors associated with the requirement of LTOT after STOT.

Material and Methods
Study Subjects
Patients were recruited from November 2010 to January 2015 in 28 community and university affiliated hospitals in 
Canada, Portugal, Spain and France.14 Patients with a diagnosis of COPD (defined by a postbronchodilator forced 
expiratory volume in 1 second [FEV1] <70% of the predicted value, a ratio of the FEV1 to the forced vital capacity 
[FVC] <0.70, and a total lung capacity as measured by body plethysmography >80% of the predicted value, concurrently 
with a history of smoking) were included. All had isolated nocturnal oxygen desaturation (defined on the home oximetry 
as ≥30% of the recording time (time in bed) with a transcutaneous arterial oxygen saturation <90%).15 Also, all had 
stable disease for at least 6 weeks before enrolment and had not smoked for at least 6 months.

Exclusion criteria were severe daytime hypoxaemia according to the Nocturnal Oxygen Therapy Trial (NOTT) 
criteria (PaO2 ≤55 mmHg while breathing ambient air, or a PaO2 56–59 mmHg with evidence of cor pulmonale or 
erythrocytosis),16 sleep apnoea (apnoea/hypopnea index of ≥15 events/hour), current use of nocturnal oxygen and 
significant respiratory or cardiovascular diseases other than COPD that may influence survival.

Study Design
This study was a secondary analysis of the INOX trial (ClinicalTrials.gov ID: NCT01044628), a 4-year, multi-centre, 
randomised, double-blind, placebo-controlled trial assessing nocturnal oxygen therapy in COPD.14,17 The INOX trial 
received full approval from the Ethics Committee of the principal investigator’s institution (Institut universitaire de 
cardiologie et de pneumologie de Québec; CER-20490) and from the Ethics Committee of all the participating centers. 
The INOX trial was conducted in accordance with the Declaration of Helsinki. All participants gave informed consent. 
The INOX trial indicated that nocturnal oxygen has no significant effect on the primary outcomes of survival or 
progression to LTOT in patients with isolated nocturnal desaturation. These results allowed our merging of patients 
who received nocturnal oxygen during the trial and those who received placebo (sham oxygen therapy with a modified 
O2 concentrator delivering room air) into a single cohort to study the predictors and outcomes of STOT regardless of the 
treatment received during the trial.

Short-Term Oxygen Therapy
As per protocol, STOT could be provided during the course of the trial in case of acute respiratory illness (eg, acute 
exacerbation of COPD or pneumonia) necessitating or not hospitalisation. Patients’ evaluation and treatment were then 
under the responsibility of the treating physician. STOT prescription criteria were not protocol-based. We assumed that 
STOT was only provided to those who were found to be severely hypoxemic during the day (eg, SpO2 ≤88% or paO2 ≤55 
mmHg), and that it was prescribed for at least 15–18 hours per day at a flow that increased SpO2 to at least 90%. During 
STOT, patients were asked not to use their study concentrator (to avoid those on placebo to receive ambient air) and were 
provided with another oxygen concentrator that was effective. However, protocol-based follow-up was mandatory within 
90 days following STOT prescription. Upon re-evaluation, patients who remained severely hypoxemic according to the 
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NOTT criteria were continued on LTOT. Otherwise, oxygen therapy was discontinued and patients were returned to their 
original treatment assignment within the trial (nocturnal oxygen or placebo).

Data Collection and Follow-Up
Baseline clinical measurements included the Charlson comorbidity index,18 spirometry, lung volumes measured by 
plethysmography, carbon monoxide diffusion capacity (TLCO) measured by the single-breath method and arterial blood 
gas measurements. Patients were followed for 3 to 4 years. They were contacted by telephone every 2 months in order to 
collect adverse events. On-site visits took place every 4 months for clinical assessment, including pulse oximetry. Arterial 
blood gas and lung function tests were obtained every 12 months or more frequently is required. To describe lung 
function at the time of STOT, we used the data obtained in stable condition at the closest point in time. The primary 
outcomes of this secondary analysis were mortality and progression to LTOT in the course of the trial.

Statistical Analysis
Data are presented as number (percent) and mean ± standard deviation (or median with interquartile range) for qualitative 
and quantitative variables, respectively. Quantitative variables were compared with Student’s t-tests or Wilcoxon tests, as 
appropriate whereas qualitative variables were compared using chi-square or Fisher exact tests. In case of multiple 
episodes of STOT during the trial, the analysis considered only its first occurrence. The mean numbers of exacerbations 
and hospitalisations per patient-year were compared between groups with the use of a Poisson distribution with 
overdispersion correction.19 We constructed survival curves using Kaplan–Meier estimates and used the Log rank test 
to compare the outcome of those who received STOT during the trial and those who did not. Hazard ratios and 95% 
confidence intervals for death or requirement for long-term oxygen therapy were estimated with the use of Cox 
regression models. Finally, to identify factors associated with progression to LTOT, multivariate logistic regression 
analysis with backward stepwise selection was performed among patients requiring STOT. In this analysis, duration of 
STOT was transformed into a dichotomous variable by using receiver-operating characteristics (ROC) analysis to 
determine the threshold at which STOT duration best predicted progression to LTOT with minimal false prediction 
rate. We also computed the area under the ROC curve to indicate the probability that a random pair of patients, one 
progressing to LTOT but not the other, will be correctly classified as to their disease state.20 All variables associated with 
progression to LTOT in the univariate analysis with a p value of less than 0.20 were included. Statistical analysis was 
performed with R version 4.0.3 and RStudio version 1.4.1103 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Patients
A total of 243 patients were enrolled in the INOX trial; 60 (25%) required STOT on at least one occasion during follow- 
up (Figure 1). The main reason for initiating STOT was an acute exacerbation of COPD in 53 patients (88%). Nine 
patients received STOT more than once during the trial: STOT was prescribed in 2 and 3 occasions in 7 and 2 patients, 
respectively. Baseline characteristics of patients who received STOT are compared with those who did not in Table 1. 
Patients requiring STOT during follow-up were significantly older and had higher dyspnoea, more severe lung function 
impairment, and lower PaO2 at baseline than those who did not. The proportion of patients who received nocturnal 
oxygen or placebo (sham nocturnal oxygen therapy) was similar in the STOT and the non-STOT groups.

Progression to LTOT
During the trial, 84 patients progressed to LTOT, including 42 of the 60 (70%) patients who previously required STOT 
and 42 of the 183 (23%) who did not. Among the 42 patients who received STOT and who finally required LTOT, 34 
(81%) were prescribed LTOT immediately after STOT (ie, upon re-evaluation while still receiving STOT), and 8 (19%) 
had an oxygen-free interval (excluding nocturnal oxygen or placebo) between STOT and LTOT (median interval of 240 
days). Survival analysis indicated that STOT was significantly associated with subsequent LTOT requirement 
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(Figure 2A). This association remained significant after adjusting for age, FEV1, TLCO, dyspnoea score and PaO2 

(adjusted hazard ratio 3.79; 95% CI 2.29–6.27).

Mortality
Sixty-one patients died during follow-up, including 23 of the 60 (38%) patients who previously required STOT and 
38 of the 183 (21%) who did not. STOT requirement was significantly associated with mortality (Figure 2B). 
However, this association was not significant after adjusting for confounders associated with mortality including 
age, Charlson comorbidity index, FEV1, TLCO, dyspnoea score and PaO2 (adjusted hazard ratio 1.57; 95% CI 
0.87–2.81).

Factors Associated with LTOT Among Patients Requiring STOT
Patients who progressed to LTOT had a significantly longer duration of STOT and more severe airway obstruction (post- 
BD FEV1/FVC) at the time of first STOT prescription (Table 2). Demographics, symptoms, quality of life, exacerbation 
rate, and hospitalisation rate did not differ at the time of first STOT prescription between patients who ultimately required 
LTOT and those who did not. ROC analysis indicated that a STOT duration of >32 days best predicted progression to 
LTOT with an area under curve of 0.69 (95% CI: 0.55–0.83), with a positive predictive value of 83%.

Table 3 shows the results of the univariate and multivariate analyses in the subgroup of patient requiring STOT (n = 
60) for the association between LTOT and several selected variables. Multivariate analysis showed that requirement for 
LTOT was significantly associated with a duration of STOT > 32 days and/or several prescriptions of STOT and a lower 
FEV1/FVC ratio.

Discussion
The results of this study indicate that patients with COPD who required STOT in the course of an acute respiratory illness 
had more severe disease than those who did not and progressed more frequently towards LTOT during follow-up. The 
association between STOT and increased mortality was confounded by age, poor lung function and comorbidities. 
Requirement for STOT for more than one month and/or repeated periods of STOT represent independent predictors for 
progression towards LTOT.

Figure 1 Patient flow diagram. See14 for more details.
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The requirement for LTOT should be determined when the patient is in stable condition according to prescription 
criteria that are derived from the inclusion criteria of the NOTT and the MRC trial and are well accepted 
worldwide.16,21,22 On the contrary, STOT is provided during a period of clinical instability and its prescription criteria 
are ill-defined. Most clinicians will consider providing their patients with home oxygen at hospital discharge if severe 
resting hypoxaemia persists. Previous studies of STOT used the same prescription criteria as for LTOT (PaO2 ≤55 mmHg 
at rest, or a PaO2 <60 mmHg with evidence of cor pulmonale or erythrocytosis).6,10 Although reasonable, these criteria 
are not based on evidence.

The prescription of STOT at hospital discharge is first and foremost a matter of safety. Important clinical outcomes 
include hospital readmission for respiratory failure, incidence of arrhythmia, myocardial ischemia or heart failure, quality 
of life and mortality. The real impact of STOT on these outcomes is unclear however. It is very unlikely that a clinical 
trial of STOT will ever be conducted for obvious reasons. Nevertheless, STOT is usually prescribed in the course of acute 
exacerbations of COPD that are themselves associated with increased morbidity and mortality, irrespective of the 
presence of severe hypoxaemia.23 The one-year mortality rate after a severe exacerbation requiring hospitalisation 
ranges from 20% to 43%.24–26 In one study, the most frequent causes of death at 1-year follow-up were respiratory 
and cardiovascular disorders.26 Hypoxaemia and requirement for oxygen therapy at discharge have also been reported as 
independent predictors of long-term mortality.27–29 We would consider these findings as justifications for STOT when 
severe hypoxaemia persists at hospital discharge.

In our opinion, the issue is not to determine whether or not STOT is truly indicated at hospital discharge. Rather, the 
question is whether or not STOT should be discontinued, and if so, when is the most appropriate duration of STOT prior 

Table 1 Baseline Characteristics of Patients

Short-Term Oxygen  
Therapy

No Short-Term Oxygen  
Therapy

p value

(n = 60) (n = 183)

Demographics

Age, years 71.0 ± 6.8 68.1 ± 9 0.02
Male sex, n (%) 37 (62) 121 (66) 0.39

BMI, kg/m2 26.1 ± 5.3 26.7 ± 5.3 0.44

Smoking history, pack years 65.2 ± 36.6 58.7 ± 37.3 0.24
Charlson comorbidity index 1.4 ± 0.8 1.4 ± 0.8 0.78

MRC dyspnoea scale (1–5) 3.7 ± 1 3.1 ± 1.1 0.001

Lung function
Post-BD FEV1, L 0.86 ± 0.31 1.06 ± 0.41 <0.001

Post-BD FEV1, % predicted value 37.0 ± 11.9 42.9 ± 14.9 0.005

Post BD FEV1/FVC, % 0.39 ± 0.10 0.42 ± 0.12 0.08
DLCO, mL/min/mmHg 9.9 ± 5.7 12.8 ± 8.3 0.02

DLCO, % predicted value 46.2 ± 23.7 59.1 ± 38 0.02

Inhaled therapy 0.82
LABA, LAMA or both 6 (10) 24 (13)

LAMA + ICS or LABA + ICS 5 (8) 15 (8)

Triple therapy 49 (82) 144 (79)
Arterial blood gas and nocturnal oximetry

pH 7.42 ± 0.03 7.42 ± 0.03 0.25

PaO2, mmHg 65.0 ± 6.4 67.8 ± 7.1 0.009
PaCO2, mmHg 43.6 ± 7.7 41.3 ± 5.6 0.01

Mean nocturnal SpO2, % 88.0 ± 2.4 88.9 ± 2.1 0.003

Percentage of time with nocturnal Spo2 of <90% 79.4 ± 23.4 71.8 ± 22.4 0.02
NOT/placebo group in the INOX trial 31/29 92/91 0.85

Note: Data are presented as mean ± standard deviation or number (percentage). 
Abbreviations: BMI, body mass index; BD, bronchodilator; FEV1, forced expiratory volume in one second; FVC, forced vital capacity, diffusing capacity of the 
lung for carbon monoxide; LABA, long-acting β2 agonist; LAMA, long-acting muscarinic agents; ICS, inhaled corticosteroids; NOT, nocturnal oxygen therapy.
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to re-evaluation. Several national practice guidelines recommend reassessing the need for oxygen within 2 to 3 
months.3,4,30 In previous studies, between 16% and 56% of patients who were prescribed STOT do not recover from 
severe hypoxaemia and progress toward LTOT.5–9 In the INOX trial, 70% of those who received STOT ultimately 
required LTOT. We also found that periods of STOT of more than one month and repeated prescriptions of STOT 
increased by 5 times the probability of progression to LTOT. Since LTOT improves survival,16,21 we submit that LTOT 

Figure 2 Kaplan–Meier analyses of LTOT requirement and mortality. (A) Shows the results for the requirement for long-term oxygen therapy (LTOT) according to the 
Nocturnal Oxygen Therapy Trial criteria. (B) Shows the results for the separate component of death. Data were censored at the date of dis-continuation of the intervention 
or last visit.
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should be considered in patients who remain severely hypoxemic one month after being discharged from hospital or who 
have received more than one episode of STOT. Arterial blood gas measurement should be preferred to pulse oximetry to 
determine the need for LTOT.31 If severe hypoxaemia persisted, STOT would then become LTOT.

Our study has limitations. First, the prescriptions of STOT were not based on protocol. We assumed that STOT was 
only provided to those who were found to be severely hypoxemic (eg, SpO2 ≤88% or paO2 ≤55 mmHg). This practice is 
widespread and well accepted.3,4 Second, our study is a secondary analysis of a clinical trial in patients with isolated 

Table 2 Characteristics of Patients at the Time of First Short-Term Oxygen Therapy (n = 60)

LTOT No LTOT p value
(n = 42) (n = 18)

Time between baseline and STOT, days 522 ± 339 768 ± 435 0.07

Time between baseline and STOT, days (median, IQR) 508 (219–836) 769 (332–1275)

Duration of first STOT, days 64 ± 62 34 ± 64 0.03
Duration of first STOT, days (median, IQR) 52 (31–73) 30 (21–49)

Demographics

Age, years 72.7 ± 5.6 71.9 ± 6.0 0.83
Charlson comorbidity index 1.2 ± 0.7 1.5 ± 0.7 0.23

Symptoms and quality of life

MRC dyspnoea scale (1–5) 3.6 ± 1.2 3.9 ± 1.1 0.42
SGRQ 55.5 ± 19.0 61.1 ± 16.9 0.46

SF-36 score: physical component 35.8 ± 10.6 31.6 ± 9.8 0.14

SF-36 score: mental component 39.8 ± 13.1 38.2 ± 13.3 0.67
Lung function

Post-BD FEV1, %predicted 34.8 ± 12.7 39.3 ± 13 0.20

Post BD FEV1/FVC, % 37.6 ± 9.4 44.9 ± 9.7 0.009
DLCO, %predicted 41.7 ± 21.2 41.5 ± 18.8 0.98

Events

Acute exacerbations treated at home 95 54
Rate per person-year 1.75 (1.42–2.15) 1.70 (1.30–2.24) 0.88

Hospitalisations for any cause 41 23

Rate per person-year 0.76 (0.55–1.03) 0.73 (0.48–1.10) 0.88
Hospitalisations for respiratory conditions, nb of events 32 14

Rate per person-year 0.59 (0.41–0.84) 0.44 (0.26–0.76) 0.37

NOT/placebo in the INOX trial 20/22 11/7 0.34

Note: Data are presented as mean ± standard deviation or rate (95% confidence interval), unless otherwise specified. 
Abbreviations: IQR, interquartile range; for other abbreviations, see Table 1.

Table 3 Risk Factors for LTOT in Patients Requiring STOT (Univariate and Multivariate Analysis)

Variable Univariate p value Multivariate p value

OR 95% CI OR 95% CI

Age 1.02 (0.93–1.11) 0.70

Charlson comorbidity index 0.66 (0.31–1.34) 0.25
Post-BD FEV1, %predicted 0.97 (0.93–1.02) 0.20

Post BD FEV1/FVC, % 0.92 (0.86–0.98) 0.02 0.93 (0.87–0.99) 0.03
DLCO, %predicted 1.00 (0.97–1.03) 0.98

Duration of first STOT, days 1.03 (1.01–1.06) 0.03

Duration of first STOT > 32 days 5.00 (1.58–17.4) 0.008
Number of prescriptions of STOT 0.78 (0.25–2.74) 0.67

More than 1 prescription of STOT 0.83 (0.19–4.35) 0.81

Duration of STOT > 32 days and/or more than 1 prescription of STOT 5.76 (1.79–20.16) 0.004 5.07 (1.48–18.8) 0.01
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nocturnal desaturation. It has been suggested that this phenomenon may represent an independent risk factor for the 
development of chronic hypoxaemia in patients with COPD.32 Whether our results apply to all patients with COPD is 
uncertain. However, the INOX trial indicated that nocturnal oxygen has no significant effect on survival or requirement to 
LTOT.14 In addition, we confirmed that nocturnal oxygen therapy had no effect on the requirement of STOT.

Conclusion
Our study emphasizes the recommendation to closely follow patients discharged from hospital with STOT. Requirement 
for STOT at hospital discharge in the course of an acute respiratory illness in COPD is a factor of poor prognosis. We 
also identified predictors of progression to LTOT in patients who received STOT. We suggest that continuing LTOT in 
patients who remain severely hypoxemic after a period of one month of home oxygen therapy and/or in those who have 
more than one episode of STOT may be considered.
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