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I n a first pilot study in 1967, Levine and colleagues (1) 
found that oxygen delivery to patients with chronic ob-
structive pulmonary disease (COPD) and hypoxemia 

improved pulmonary hypertension and increased exercise 
performance (1). As a result, oxygen supplementation de-
veloped as a therapeutic measure in chronic hypoxemia. 
However, there is still insufficient evidence for oxygen 
therapy, as it is essentially based on two studies from the 
early 1980s (2, 3).

This review provides an overview of the current 
evidence, with the aim of examining the practical, 
day-to-day aspects of long-term oxygen therapy 
(LTOT).

Methods
This article is based on a selective literature search in 
PubMed. Publications from January 1980 to April 2018 
were searched  using the terms “long-term oxygen ther-
apy,” “ambulatory oxygen therapy,” “nocturnal oxygen 
therapy,” and “supplemental oxygen.” Current German 
and international guidelines (in German or English) 
were also included.

Results
Long-Term Oxygen Therapy
For chronic hypoxemic patients with an arterial partial 
pressure of oxygen (PaO2) ≤ 55 mm Hg, national 
guidelines for LTOT recommend giving oxygen for at 
least 15 hours per day (4) or for 16 hours per day (5); 
this should be extended to 24 hours for increased effi-
cacy (see section “Indication criteria for LTOT”) (4, 5). 
This includes targeted oxygen replacement during exer-
cise and at night. As studies do not consider these dif-
ferent situations of oxygen deficiency separately, the 
effects of these three therapeutic approaches cannot be 
delimited. The goals of LTOT are to improve quality of 
life and exercise performance, as well as to reduce mor-
bidity and mortality (5).

Effects of LTOT
LTOT for chronic hypoxemia
The currently validated evidence for prescribing LTOT 
is based on two randomized controlled trials published 
in the early 1980s (2, 3). In the so-called MRC (Medi-
cal Research Council) trial, 87 COPD patients (FEV1, 
0.6 L) were included who had pronounced chronic 
 hypoxemia (PaO2 = 51 mm Hg) and hypercapnia 
(PaCO2 = 54 mm Hg) in a resting state; they were then 
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randomized to an LTOT group that received oxygen for 
at least 15 hours per day or to a no-oxygen control 
group (3). Within the 5-year study period, the probabil-
ity of survival in the LTOT group was significantly im-
proved (55% versus 33%; p <0.05) (Figure 1), with the 
greatest survival benefit observed for hypercapnia 
 patients (6). The second trial (Nocturnal Oxygen Ther-
apy Trial [NOTT]), which compared continuous 
(24-hour) oxygen administration with 12-hour noctur-
nal oxygen supplementation over a period of two years 
in patients with chronic hypoxemia and COPD, found a 
survival benefit for 24-hour oxygen administration 
(87% versus 59%; p <0.05) (2). For COPD patients 
with lower disease severity (PaO2 56–65 mm Hg) (7) or 
with oxygen saturation levels of 88% to 93% (8), no 
mortality reduction was detected after six years (mor-
tality for oxygen therapy group, 18%, versus control 
group, 20%; p = 0.53).

 For patients with isolated nocturnal hypoxemia, a 
double-blind, randomized trial showed that pulmo -
nary arterial pressure was significantly reduced after 
three years of nocturnal oxygen delivery (of 3 L/min), 
but was significantly increased by delivery of com-
pressed room air. No impact on mortality was detect-

able (9). There is some evidence that oxygen delivery 
during nocturnal hypoxemia improves sleep duration 
and sleep quality (as measured by EEG) (10).

LTOT for exercise-induced hypoxemia
Some evidence suggests that isolated, exercise-in-
duced hypoxemia is an independent predictor of in-
creased 5-year mortality risk in patients with COPD 
(relative risk 2.63 [95% confidence interval (CI): 
1.53; 4.51], p <0.001) (11). For the most part, a de-
crease in oxygen saturation during exercise to below a 
threshold of 88% to 90%, or a relative decline during 
exercise of 2% to 5%, is considered clinically relevant 
(12). A retrospective analysis of 471 patients with 
COPD and exclu sively exercise-induced hypoxemia 
found no significant differences in mortality, irrespec-
tive of whether patients were given continuous LTOT, 
intermittent oxygen therapy, or no supplemental 
oxygen (13).

Nevertheless, oxygen administration appears to be 
useful and beneficial for exercise-induced hypox -
emia, for example as part of an exercise training 
 program. Several cross-over trials have shown that 
oxygen administration to patients with COPD leads to 
a reduction in both breathing frequency and dynamic 
hyperinflation, and contributes to a significant 
 increase in short-term exercise tolerance (14, 15). A 
 recent study showed that administering oxygen at a 
non-individually tailored rate of 2 L/min to patients 
with COPD and exercise-induced hypoxemia led 
to a relevant proportion (76%) of patients who 
 experienced a drop in oxygen saturation, to either 
below 88% or by ≥4% points, during the 6-minute 
walk test (15) (Figure 2).

LTOT during exercise with normoxemia
The use of LTOT for patients with COPD and normox-
emia has only been addressed by a small number of 
studies. Two double-blind, randomized trials that com-
pared giving normoxemic patients with severe COPD 
(FEV1, 36% to 44% predicted) either oxygen or com-
pressed room air during exercise arrived at distinct con-
clusions. Emtner and colleagues (16) showed that, after 
a 7-week ergometer training program, patients with 
COPD who were administered oxygen during exercise 
increased their endurance capacity by 38% as com-
pared to those who received room air. In the double-
blind, randomized trial by Spielmanns et al. (17), no 
difference in either exercise capacity or quality of life 
could be demonstrated after a 6-month exercise pro-
gram with administration (at a flow rate of 4 L/min) 
of either oxygen or compressed air during exercise. 
In contrast, a small double-blind, cross-over trial 
found that 29 patients with COPD (FEV1, 46% 
 predicted) who participated in ergometer training for 
6 weeks showed an improvement in endurance of 
12 watts after supplementation with oxygen (at an 
unusually high flow rate, of 10 L/min), as compared 
to only 5 watts without oxygen supplementation 
(18).

FIGURE 1

Effects of long-term oxygen therapy on patients with COPD and hypoxemia,  
from the Medical Research Council (MRC) trial and the Nocturnal Oxygen Therapy Trial (NOTT). 
The figure shows survival data of men <70 years of age. 
COT, continuous oxygen therapy (24-h O

2
 supplementation per day); 

NOT, nocturnal oxygen therapy (O
2
 supplementation only at night);  

MRC O
2
, 15-h O

2
 supplementation per day), MRC controls, no O

2
 supplementation  

(Figure taken from Stoller et al. 2010 [11]; reprinted with permission from Elsevier)
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Diagnostic work-up and LTOT prescription
Indication criteria for LTOT
An indication for LTOT exists if, despite adequate ther-
apy of the underlying disease, patients still have 
chronic hypoxemia at rest, during exercise, or at night. 
Chronic hypoxemia is present if the arterial partial 
pressure of oxygen (PaO2) is measured to be 
≤55 mm Hg at least three times under resting condi-
tions during a stable disease phase (of around four 
weeks). If secondary polyglobulia and/or cor pulmo -
nale (with or without right-sided heart failure) are pres-
ent, an indication for LTOT already exists at 
≤60 mm Hg (5).

Hypoxemia observed only at night should be 
further assessed in a medical sleep laboratory (5) 
(Figure 3).

The available guidelines for LTOT, which are 
mainly based on the NOTT and MRC trials in patients 
with COPD, transfer the recommendations for LTOT 
(shown in Figure 3) also to patients with other types 
of hypoxemia. Contraindications to LTOT have not 
yet been defined. The presence of asymptomatic 
 hypercapnia prior to LTOT, or its development during 
LTOT, is not a strict contraindication (5). However, a 
critical clinical evaluation may be advisable, to deter-
mine whether an indication for non-invasive venti-
lation therapy (NIV) is present (19). For instance, 
morning headaches can be symptoms of increased 
 hypercapnia.

A review published in 2017 that compared the Brit-
ish and German guidelines on LTOT found similar-
ities in the duration of use, although it also identified 
differences in the indications (20) (Table).

It should be noted that the 2008 guideline for Ger-
many (which has a supplementary statement from 
2014 [21]) needs to be updated in several points; this 
is currently ongoing.

The diagnosis of hypoxemic respiratory failure
Hypoxemia is diagnosed by arterial blood gas (ABG) 
or capillary blood gas (CBG) analysis or blood oxygen 
saturation (SpO2) measurement by pulse oximetry. 
ABG is considered the gold standard for measuring 
 hypoxemia. The German guideline considers CBG and 
ABG analyses to be equivalent (5), although recent 
data suggest that CBG analysis underestimates the ac-
tual oxygenation level in the blood (22). Depending on 
whether one sets a limit value for LTOT at 55 mm Hg 
or 60 mm Hg, about 21% or 30% of patients, respec -
tively, would have been prescribed non-indicated 
LTOT, thus representing overprescription (22). After 
confirmation of hypoxemia at rest, during exercise, 
and/or at night, the necessary oxygen flow rates should 
be titrated to achieve PaO2 ≥60 mm Hg. Blood gas 
analysis should be carried out after a rest period of ≥15 
minutes (5). If the PaO2 level is ≤55 mm Hg, an initial 
delivery by nasal cannula of oxygen at 2 L/min for ≥5 
min should be made, followed by a CBG analysis to 
check for effectiveness (5). If the PaO2 level does not 
sufficiently increase, the flow rate should be further 

FIGURE 2

About 76% of patients with COPD and exercise-induced hypoxemia who received oxygen  
supplementation at a set flow rate of 2 L/min had a relevant drop in SpO2 during the 6-minute 
walk test (15). 
6MWT, 6-minute walk test; SpO2, arterial oxygen saturation; CR, compressed room air 
 (Reprinted with permission from Elsevier)
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Long-term oxygen therapy (LTOT) 
a) Blood gas analysis at rest and b) blood gas analysis during exercise (19).  
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 increased (4, 5). A lack of increase requires further 
diagnostic investigation (5). For mobile patients, 
oxygen titration should also be carried out under a stan-
dardized exercise situation (for example, the 6-minute 
walk test) (5) with a portable oxygen  device.

The prescription of LTOT
Several factors should be taken into account when pre-
scribing LTOT, including the diagnosis, the extent of 
hypoxemia and hypercapnia, the oxygen flow rate 
required to achieve PaO2 ≥60 mm Hg (at rest/during 
exercise/at night), the patient’s mobility, and the de-
sired delivery system (5). Patients who still smoke 
should be informed about the risk of explosion/burns 
(61 cases per 100 000 person-years [23]) for smoking 
during LTOT (19). In addition, nose bleeds, dizziness, 
and reduced sense of taste and smell are potential side 
effects of LTOT (24).

Delivery systems
Oxygen source
In the home environment, the oxygen source for LTOT 
can be concentrators, steel gas cylinders, or liquid 
oxygen. All forms are available in both static and por -
table versions. The choice of oxygen source should 
ideally be made together with patients, taking into 

 account their needs (such as their mobility range and 
general condition) as well as the device characteristics 
(e. g., weight, levels of delivery, and oxygen  tank 
 capacity).

Concentrators
Concentrators (both static and portable) are the most 
commonly used devices for oxygen delivery. Concen-
trators filter nitrogen out of room air and produce a gas 
with an oxygen purity of 85%–95% (4). The device 
characteristics, such as battery life, weight, level of 
noise, and oxygen output of portable concentrators, 
vary considerably between different manufacturers (4).

Liquid oxygen
Using liquid oxygen is the second most common form 
of LTOT. The biggest disadvantage as compared to 
concentrators is the limited oxygen tank capacity of 
portable oxygen devices and the need to have access to 
a liquid oxygen refill station.

Steel gas cylinders
Steel gas cylinders with gaseous compressed oxygen 
are no longer commonly used because of their bulky 
size and weight. They are considered to be less effec-
tive and to be restrictive for patient mobility.

TABLE 

Overview of differences between the BTS (British Thoracic Society) and the DGP (German Respiratory Society) guidelines 
for LTOT (taken from Magnet et al. [20])

COPD, chronic obstructive pulmonary disease; LTOT, long-term oxygen  therapy; NIV, non-invasive ventilation; PaO2, arterial partial pressure of oxygen;  
SpO2, blood oxygen saturation; 6MWT, 6-minute walk test

1.

2.

3.

4.

5.

6.

7.

8.

Blood gas analysis 
 technique

Criteria for initiation of LTOT 
in stable patients

Initiation of LTOT in 
patients with COPD after  
exacerbation

Ambulatory oxygen therapy 
(AOT) for patients without 
classic indication criteria

Nocturnal oxygen therapy

Titration of O2 flow rates

Follow-up/re-assessment 
of LTOT

Patients who smoke

British guideline of the 
British Thoracic Society (BTS)

Arterial blood gas analysis (ABG)

Two ABG analyses at least 3 weeks apart

Discharge with oxygen supplementation only if 
patients cannot manage without oxygen, are 
breathless, and with SpO2  ≤92% at rest (room 
air); follow-up assessment of LTOT after 8 
weeks

Only during rehabilitation

Only for severe congestive heart failure and in 
combination with NIV for other diseases

Based on SpO2 (followed by ABG)

Home visit within 4 weeks, with first re-assess-
ment after 3 months, and thereafter every 6–12 
months 

No contraindications

German guideline of the  
German Respiratory Society (DGP)

Capillary blood gas analysis (CBG)

Three CBG analyses within a 4-week period

Direct, with later follow-up to 
re-evaluate indication

Indicated by resting PaO2 ≤60 mm Hg and by 
drop in PaO2 during 6MWT or if AOT improves 
exercise capacity; not indicated by exclusively 
exercise-induced hypoxemia without increasing 
dyspnoea and resting PaO2 >55 mm Hg 

No clear statement—further evaluation by sleep 
laboratory recommended

Based on CBG

Every 3 months (outpatient setting)

Conflicting information: LTOT is indicated after 
avoidance of all inhalative noxae; an overview 
table however states that there are no contra -
indications
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Types of oxygen delivery
Oxygen delivery by nasal cannula is by far the most 
common LTOT delivery form (4). In rare cases, an 
oxygen mask or a trans-tracheal cannula is indicated for 
oxygen delivery.

In addition to devices with a continuous flow of 
oxygen, some devices release an oxygen bolus when 
negative pressure occurs in the oxygen nasal cannula 
during inspiration (the “demand” systems). This 
 delivery form can make the oxygen supply last sig-
nificantly longer (25). However, not all patients are 
suitable for such demand devices. Demand devices 
may provide only limited or insufficient oxygenation 
to some patient groups, as oxygen release might not 
always be triggered, especially for patients during ex-
ercise or for patients who are mouth breathers (26). 
Thus, individual oxygenation testing (both at rest and 
during exercise) should always be performed before a 
patient can use a demand system (27).

The follow-up of LTOT
Patients receiving LTOT should receive regular follow-
up care. For patients in stable condition, the German 
guideline recommends specialist check-ups every three 
months (5). In addition to documenting the clinical 
condition of the patient, these appointments serve to 
ensure that LTOT is still indicated, as well as to control 
the efficiency of the prescribed oxygen flow rates and 
to assess treatment compliance (4, 5).

Especially for patients with COPD who started 
LTOT during an exacerbation-related hospitalization, 
the indications for LTOT may disappear as their con-
dition improves (28). As oversupplying oxygen is 
costly, and as this type of therapy has known psycho-
social consequences  (e. g., social isolation, depres -
sion, fear of addiction), the indications for LTOT 
should be reviewed after 8 weeks (4). The practice-
relevant aspects for implementing LTOT in day-to-
day clinical practice are outlined in the Box.

Discussion
LTOT is a well-established treatment option for pa-
tients with hypoxemia. Nonetheless, it is still supported 
by insufficient evidence, which mainly comes from two 
randomized controlled trials of patients with COPD 
that were carried out in the early 1980s—a time at 
which COPD was treated quite differently than it is 
today, both in terms of underlying disease and comor-
bidities. Ultimately, therefore, we cannot assume that 
these results in the same form are still currently valid. 
In addition, the evidence for the recommendations in 
the guidelines is still weak for patients who do not have 
COPD.

A recent study from the USA that was published in 
a high-ranking journal (8) has contributed less than 
expected to clarifying this matter; at best, its con-
clusions may be useful for patients with mild hypox -
emia. The selected inclusion criteria (SpO2: 89% to 
93%, with an exercise-induced desaturation for 10 
seconds to <90%) are not consensus criteria for 

LTOT. In addition, this study has several methodo-
logical weaknesses (including changes in the primary 
endpoint during the study, no blood gas analyses, no 
objective control over the actually-used LTOT 
 duration, and others).

Convincing data are available to demonstrate the 
short-term effects of LTOT. These include improved 
exercise capacity, improved oxygenation, and lower 
exercise-induced dyspnoea (15). In order to investi-
gate the importance of oxygen supplementation for 
patients with purely exercise-induced hypoxemia, 
standardized exercise protocols are useful.

Several issues should be considered when evalu -
ating indications for LTOT; however, there is still not 
a structured or consensus method for addressing these 
issues.

In addition, it is important to evaluate which flow 
rates are required for each individual (at rest, at night, 
and during exercise). Frequently, set flow rates over 
24 hours are prescribed; however, this does not take 
into account the actual requirements of everyday life. 
Additionally, the most suitable delivery form that best 
meets patient’s needs must be determined. Manufac-
turers should make it possible to measure compliance 
in terms of device use (which is technically possible). 
In addition, modified delivery systems could increase 
the efficiency of LTOT during increased oxygen 
 demand (e. g., by using nasal cannulae with larger 
luminal diameter and an oxygen reservoir) (29).

Oxygen supplementation during exercise cannot be 
recommended for normoxemic patients with COPD, 
given its questionable effectiveness, the substantial 
resources required, and the potential for psychologi-
cal stress.

Several issues remain unanswered, such as whether 
guideline-compliant, targeted therapy for nocturnal 

BOX

Relevant day-to-day aspects for clinical 
practices
●  Prescribe LTOT only during the stable disease phase
●  Re-evaluate LTOT every three months (need /efficiency/

adherence). For unstable disease states, control more 
frequently

●  Titrate the required oxygen flow rate individually (at rest, 
during physical activity, and at night)

●  Prescribe an adequate delivery system with device 
 instructions

●  Ensure that demand oxygen delivery systems  provide 
sufficient oxygen saturation levels in the  individual 
 patient

●  Inform patients receiving LTOT who continue to smoke 
about potential dangers
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hypoxemia improves prognosis, or which long-term 
effects LTOT has on purely exercised-induced oxygen 
deficiency. With respect to the latter question, the 
British Thoracic Society recommends that oxygen 
therapy should be provided during exercise only after 
proof of improvement in exercise endurance (evi-
dence level B) (4). This approach makes sense (15). 
However, until the guideline for Germany is updated 
(which is currently in progress), the 2008 guideline 
remains valid.

For other chronic diseases that are associated with 
hypoxemia, there are no reliable data for indicating 
LTOT. Despite the lack of evidence, prescriptions are 
currently being recommended analogous to those for 
COPD.

In general, and especially for borderline indi-
cations, consideration should be given as to whether 
oxygen therapy brings more clinical and prognostic 
benefits than negative effects from feelings of shame, 
fear of social exclusion, and complications due to the 
devices themselves. Here, regular follow-up evalu-
ations and discussions with patients are recom-
mended.

Ultimately, the central questions about whether 
LTOT provides valid long-term positive effects on 
quality of life and mortality still have not been suffi-
ciently clarified.

Outlook
The evidence presented here clearly shows that high-
quality studies are urgently needed in the future to ad-
dress the open questions surrounding LTOT. However, 
this will be difficult to achieve in light of the enormous 
scope of the studies required and the associated high 
costs. Questions about survival benefits due to oxygen 
supplementation will be difficult to clarify in a scien-
tifically and ethically acceptable manner. It is therefore 
all the more important to emphasize patient-relevant 
success criteria, such as the improvement of subjective 
well-being, exercise capacity, social inclusion, and thus 
the overall quality of life, for the affected patients when 
considering indication for LTOT.

Key messages
● Long-term oxygen therapy (LTOT) is an established therapeutic measure for 

 patients with chronic hypoxemia  (PaO2 ≤ 55 mm Hg).
● From the numerous devices available, it is important to prescribe a system that is 

suitable for the day-to-day life of those affected.
● The aims of LTOT are to improve quality of life and performance as well as to 

 reduce morbidity and mortality.
● The scientific evidence for LTOT is insufficient, especially with regard to long-term 

effects.
● The German guideline for oxygen therapy from the year 2008 is partially outdated 

and is currently under revision.
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Insufficiency Fracture Following Power Walking
A 62-year-old woman presented with a 1-week history of left ankle pain follow-
ing power walking. Plain radiography showed no abnormalities. Magnetic 
 resonance imaging (MRI), carried out because of persisting pain, found a 
 fracture of the distal tibia. Measurement of bone density revealed osteopenia, 
and an analysis of blood samples showed a low concentration of the bone 
formation marker osteocalcin. Twenty years earlier the patient had undergone 
radical hysterectomy for cervical cancer, and 3 years before the current event, 
leukemia had been treated with steroids and chemotherapy. Chemotherapy, 
particularly in combination with repeated, long-term administration of steroids, 
disrupts osteoblast function. This proven late complication of antineoplastic 
treatment is particularly relevant in vulnerable groups such as postmenopausal 
women or young patients with acute leukemia. Insufficiency fractures arise in 
pathologically altered bone; stress fractures, in contrast, can also occur in 
healthy bones.

Dr. med. Peter Korsten, Klinik für Nephrologie und Rheumatologie, Georg-August-Universität 
Göttingen

 PD Dr. med. Wieland Staab, Institut für Diagnostische und Interventionelle Radiologie, Georg-August-Universität Göttingen

 PD Dr. med. Radovan Vasko, Klinik für Nephrologie und Rheumatologie, Georg-August-Universität Göttingen, vaskorad@gmail.com

Conflict of interest statement: The authors declare that no conflict of interest exists.

Translated from the original German by David Roseveare

Cite this as: Korsten P, Staab W, Vasko R: Insufficiency fracture following power walking. Dtsch Arztebl Int 2018; 115: 877.  DOI: 10.3238/arztebl.2018.0877

 Figure: MRI (T1 
TSE sagittal) 
shows hypointen-
sity of cortical 
bone and sub -
cortical trabeculae 
corresponding to a 
fracture of the 
posterior tibia.
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