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IMPORTANCE Hypoxia is common in the first few days after acute stroke, is frequently
intermittent, and is often undetected. Oxygen supplementation could prevent hypoxia and
secondary neurological deterioration and thus has the potential to improve recovery.

OBJECTIVE To assess whether routine prophylactic low-dose oxygen therapy was more
effective than control oxygen administration in reducing death and disability at 90 days, and
if so, whether oxygen given at night only, when hypoxia is most frequent, and oxygen
administration is least likely to interfere with rehabilitation, was more effective than
continuous supplementation.

DESIGN, SETTING, AND PARTICIPANTS In this single-blind randomized clinical trial, 8003 adults
with acute stroke were enrolled from 136 participating centers in the United Kingdom within
24 hours of hospital admission if they had no clear indications for or contraindications to
oxygen treatment (first patient enrolled April 24, 2008; last follow-up January 27, 2015).

INTERVENTIONS Participants were randomized 1:1:1 to continuous oxygen for 72 hours
(n = 2668), nocturnal oxygen (21:00 to 07:00 hours) for 3 nights (n = 2667), or control
(oxygen only if clinically indicated; n = 2668). Oxygen was given via nasal tubes at 3 L/min if
baseline oxygen saturation was 93% or less and at 2 L/min if oxygen saturation was greater
than 93%.

MAIN OUTCOMES AND MEASURES The primary outcome was reported using the modified
Rankin Scale score (disability range, 0 [no symptoms] to 6 [death]; minimum clinically
important difference, 1 point), assessed at 90 days by postal questionnaire (participant
aware, assessor blinded). The modified Rankin Scale score was analyzed by ordinal logistic
regression, which yields a common odds ratio (OR) for a change from one disability level
to the next better (lower) level; OR greater than 1.00 indicates improvement.

RESULTS A total of 8003 patients (4398 (55%) men; mean [SD] age, 72 [13] years; median
National Institutes of Health Stroke Scale score, 5; mean baseline oxygen saturation, 96.6%)
were enrolled. The primary outcome was available for 7677 (96%) participants. The
unadjusted OR for a better outcome (calculated via ordinal logistic regression) was 0.97
(95% CI, 0.89 to 1.05; P = .47) for oxygen vs control, and the OR was 1.03 (95% CI, 0.93 to
1.13; P = .61) for continuous vs nocturnal oxygen. No subgroup could be identified that
benefited from oxygen. At least 1 serious adverse event occurred in 348 (13.0%) participants
in the continuous oxygen group, 294 (11.0%) in the nocturnal group, and 322 (12.1%) in the
control group. No significant harms were identified.

CONCLUSIONS AND RELEVANCE Among nonhypoxic patients with acute stroke, the
prophylactic use of low-dose oxygen supplementation did not reduce death or disability
at 3 months. These findings do not support low-dose oxygen in this setting.
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H ypoxia is common during the first days after an acute
stroke1 and associated with higher rates of neurologi-
cal deterioration,2 death and institutionalization,3 and

greater mortality.4 While cells in the ischemic penumbra are
only viable for a few hours, brain cells beyond the ischemic core
and penumbra remain at risk of delayed cell death for several
days owing to vasogenic edema, inflammation, and pro-
grammed cell death, particularly if metabolic disturbances are
compounded by hypoxia.5-7 Continuous monitoring is asso-
ciated with better outcomes,8 but even in intensively moni-
tored patients, hypoxia is not always identified and treated.
Adverse outcomes were observed to be increased when only
some desaturations of less than 90% were treated with oxy-
gen and reduced when all were treated.3

Supplemental oxygen could improve outcomes by pre-
venting hypoxia and secondary brain damage but could also
have adverse effects.9 These include vasoconstriction and pul-
monary toxicity with high concentrations,9 respiratory tract
infection due to contamination of the nasal tubes, the tubing
acting as an impediment to mobilization, stress, and the di-
rect effects of oxygen on vascular tone and blood pressure.10

Three small trials of short-term (≤12 hours) high-flow (10 to
45 L/min) therapeutic oxygen, aimed at generating supraphysi-
ological blood oxygen levels, have not shown improved
outcomes.11-13 A larger trial (n = 550) using low-dose supple-
mental oxygen (3 L/min for 24 hours) also showed no benefit,14

but early neurological recovery was improved in a study giv-
ing low-dose oxygen over 72 hours.15

The primary aim of the Stroke Oxygen Study (SO2S) was
to determine whether low-dose oxygen therapy during the first
3 days after an acute stroke improves outcome compared with
usual care (oxygen only when needed). Because oxygen may
restrict mobility and interfere with daytime activities, the sec-
ondary hypothesis was that oxygen given at night only, when
hypoxia is most likely, is more effective than continuous oxy-
gen supplementation.

Methods
Study Design
Thiswasamulticenterrandomizedclinicaltrialofoxygensupple-
mentation with single-blind outcome assessment. The protocol
andstatisticalanalysisplan(Supplement1andSupplement2),16,17

and data collection forms18 are published. Fully informed writ-
ten or witnessed oral consent was given by the participants or,
if they did not have capacity to consent, by a legal representa-
tive. The protocol was approved by the North Staffordshire
Research Ethics Committee (06/Q2604/109).

Participants
Adults (aged ≥18 years) with a clinical diagnosis of acute stroke
within 24 hours of hospital admission (136 participating cen-
ters in the United Kingdom), who had no clinical indications
for or contraindications to oxygen treatment or any concomi-
tant condition likely to limit life expectancy to less than 12
months were eligible (see eAppendix in Supplement 3 for defi-
nition of acute stroke).

Randomization and Interventions
Participants were allocated 1:1:1 via central web-based minimized
randomization19 to (1) continuous oxygen supplementation;
(2)nocturnaloxygensupplementationonly;or(3)noroutineoxy-
gen (control). The factors for which imbalances were minimized
were the Six Simple Variable prognostic index for independent
survivalat6months20 (cutoffs:≤0.1,>0.1to≤0.35,>0.35to≤0.70,
>0.70), oxygen treatment before randomization (yes, no, un-
known),baselineoxygensaturationonair(<95%,≥95%),andtime
since stroke onset (cutoffs: ≤3, >3 to ≤6, >6 to ≤12, >12 to ≤24, >24
hours). Stroke onset was defined as the last time well for wake-
up strokes. No blocking was used. Oxygen was administered per
nasal tubes either continuously (day and night) during the first
72 hours after randomization or overnight (21:00 hours to 07:00
hours) for 3 nights. Oxygen was given at a flow rate of 3 L/min if
baseline saturation was 93% or below or at a flow rate of 2 L/min
if baseline saturation was greater than 93%. In the control group,
no routine oxygen supplementation was given.

Vital signs were observed at least 4 times per day, with any
abnormal findings treated independently of trial allocation. Pa-
tients requiring oxygen in the control group, patients in the noc-
turnal oxygen group during the day, or patients needing
changes in oxygen dosage for clinical reasons were given the
appropriate concentration of oxygen irrespective of treat-
ment group. In addition, for 4144 patients recruited in the lat-
ter half of the study, spot checks of treatment adherence were
undertaken at midnight and 6 AM.

Outcomes and Blinding
Outcomes were assessed at 1 week by a member of the local re-
search team and at 90 days via postal questionnaire. Tele-
phone interviews were conducted with nonresponders or to
clarify unclear or missing answers. The primary outcome was
the modified Rankin Scale (mRS) 21 score (disability range, 0 [no
symptoms] to 6 [death]; minimum clinically important differ-
ence 1 point) assessed at 90 days. Secondary outcomes were
numberofparticipantswithneurological improvement(≥4-point
decrease on the National Institutes of Health Stroke Scale
[NIHSS])22,23 between randomization and day 7, the highest
and lowest oxygen saturations within the first 72 hours, and mor-
tality at 1 week. Further secondary outcomes at 90 days were
mortality, number of participants alive and independent
(mRS ≤2), number of participants living at home, Barthel Index

Key Points
Question Does routine prophylactic low-dose oxygen
supplementation after acute stroke improve functional outcome?

Findings In this randomized clinical trial, 8003 patients with
acute stroke were randomized within 24 hours of admission
to 3 days of continuous oxygen, nocturnal oxygen, or control.
After 3 months, there was no significant difference in death and
disability for the combined oxygen groups compared with control
(odds ratio, 0.97) or for the continuous oxygen group compared
with the nocturnal oxygen group (odds ratio, 1.03).

Meaning Routine low-dose oxygen did not improve outcomes
in nonhypoxic patients after acute stroke.
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activities of daily living (ADL) score,24 quality of life (EuroQol
[EQ5D-3L]) score,25 and Nottingham Extended Activities of
Daily Living score.26 For the NIHSS and Barthel Index, deaths
were recorded as the worst outcome on the scale.27 Partici-
pants, their physicians, and local research staff who recorded the
1-week outcomes were not blind to the study interventions.
Ninety-day assessments were undertaken by the SO2S study
office, which was blind to treatment allocation.

Study Size
The initial recruitment target was 6000 participants, which was
estimated to provide 90% power to detect small (0.2 mRS-point
[eg,a1-point improvementamong1in5participants])differences
between oxygen (continuous and night-only groups combined)
and no oxygen at a P value of less than or equal to .01 and 90%
power at a P value of less than or equal to .05 to detect small dif-
ferencesbetweencontinuousoxygenandnocturnal-onlyoxygen.
The study size was subsequently revised to 8000 participants,
using ordinal methods,16,17 without knowledge of interim results,
to increase the number of patients with severe stroke and thereby
providegreaterpowertoinvestigateanydifferentialeffectiveness
of oxygen vs control within subgroups (defined by severity).

Statistical Analysis
The trial was designed to answer 2 key questions: whether oxy-
gen supplementation improves outcome (mRS at 90 days) and

whether giving oxygen at night is more effective than giving
it continuously. The main comparisons, therefore, were of the
2 combined oxygen groups (continuous and nocturnal only)
vs control, and of continuous oxygen vs nocturnal-only oxygen.
The statistical analysis plan describes the analysis methods in
detail (Supplement 1 and Supplement 2).17

The mRS was analyzed by ordinal logistic regression, which
yields a common odds ratio (OR) for a move from one level to
the next better (lower) level with an OR more than 1.00 indicat-
ing an improvement. For this and other outcome variables, a pri-
mary unadjusted analysis and a secondary covariate-adjusted
analysis were performed. Adjusted analyses incorporated the
following covariates: age, sex, baseline NIHSS score, baseline
oxygen saturation, and the Six Simple Variable prognostic index
for 6-month independence (or for analysis of mortality, the Six
Simple Variable prognostic index for 30-day survival). Sensitiv-
ity analysis for the mRS used multiple imputation of missing val-
ues (using a chained equations method with 20 imputed data
sets). Additional imputations were performed to allow for the
possibility that data were missing not at random and were either
better or worse than expected; missing values were thereby re-
placed by either very good (ie, lowest) or very poor (ie, highest)
scores on the mRS as appropriate (eTable 3 in Supplement 3).
Subgroups, for the mRS only, were analyzed by an interaction
term and were predefined in the statistical analysis plan.17

Figure 1. Flow of Participants Enrolled in the Continuous Oxygen, Nocturnal Oxygen, and Control Groups

8003 Patients enrolleda

8003 Patients randomized

2567 Included in primary analysis
9 Excluded (missing data for

primary analysis)

2561 Included in primary analysis
15 Excluded (missing data for

primary analysis)

2549 Included in primary analysis
18 Excluded (missing data for

primary analysis)

2646 Underwent 7-d assessment2651 Underwent 7-d assessment 2664 Underwent 7-d assessment

9 Withdrew consent
5 Disliked treatment
1 Reason not stated
1 Other

16 Withdrawn before 7-d assessment

1 Lost to follow-up

8 Withdrew consent
4 Disliked treatment
1 Reason not stated
7 Other

20 Withdrawn before 7-d assessment

1 Lost to follow-up

4 Withdrawn before 7-d assessment
2 Withdrew consent
1 Reason not stated
1 Other

43 Withdrawn before 90-d assessment
26 Withdrew consent
5 Reason not stated
5 Patient not well
2 Nonstroke diagnosis
1 Disliked treatment
1 Emigrated
3 Other

27 Lost to follow-up

40 Withdrawn before 90-d assessment
25 Withdrew consent
5 Reason not stated
4 Patient not well
3 Nonstroke diagnosis
3 Other

35 Lost to follow-up

53 Withdrawn before 90-d assessment
23 Withdrew consent
8 Reason not stated
5 Nonstroke diagnosis
3 Patient not well

14 Other
44 Lost to follow-up

2576 Underwent 90-d assessment2576 Underwent 90-d assessment 2567 Underwent 90-d assessment

2668 Randomized to the control groupb2668 Randomized to receive continuous
oxygenb

2667 Randomized to receive nocturnal
oxygenb

a The number of patients screened for eligibility was not available. b See eTable 2 in Supplement 3 for adherence data.

Oxygen Supplementation After Acute Stroke Original Investigation Research

jama.com (Reprinted) JAMA September 26, 2017 Volume 318, Number 12 1127

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Florida Atlantic University User  on 10/03/2017

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.11463&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.11463
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.11463&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.11463
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2017.11463&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.11463
http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.11463


For continuous outcomes, means and standard deviations or
medians and interquartile ranges (IQRs) are reported, as appro-
priate. Unadjusted analyses used unrelated t tests, with the mean
difference between treatments and corresponding CIs reported.
The adjusted analysis used analysis of covariance, with the co-
variatesspecifiedearlierincludedintheanalysis.Fordichotomous
outcomes,percentageswerecomparedacrossthetreatmentcom-
parisons using a χ2 test (unadjusted analyses). Adjusted analyses
of dichotomous outcomes used binary logistic regression, with
the covariates listed earlier; ORs and CIs are reported.

All analyses were by intention to treat, ie, according to the
treatment group to which participants were allocated, irrespec-
tive of treatment actually received. Statistical significance was
set at a P value of less than or equal to .05 with 95% CIs for the
primary outcome and at a P value of less than or equal to .01 with
99% CIs for secondary outcomes. All reported P values are

2-sided. The main analysis was performed in SAS software
for Windows, version 9.4 (SAS Institute Inc), and IBM SPSS for
Windows, version 22 was used for sensitivity analyses.

Interim analyses of safety and effectiveness were re-
viewed annually by an independent data monitoring and safety
committee. No α-spending adjustments were made.

Results
Participants
A total of 8003 participants from 136 collaborating centers in the
United Kingdom were randomized and followed up between
April 24, 2008, and January 27, 2015, (Figure 1). Baseline demo-
graphic and clinical characteristics, including stroke severity and
oxygen saturation at randomization, were well-balanced in the

Table 1. Baseline Characteristics

No. (%)a

Continuous Oxygen
(n = 2668)

Nocturnal Oxygen
(n = 2667)

Control
(n = 2668)

Demographic characteristics

Age, mean (SD), yb 72 (13) 72 (13) 72 (13)

Men 1466 (55) 1466 (55) 1466 (55)

Prognostic factors

Living alone before the strokeb 861 (32) 857 (32) 907 (34)

Independent in basic ADLs before the strokeb 2451 (92) 2431 (91) 2450 (92)

Normal verbal responseb,c 2190 (82) 2207 (83) 2196 (82)

Able to lift both armsb 1998 (75) 2022 (76) 1996 (75)

Able to walkb 660 (25) 704 (26) 677 (25)

Probability of 30-d survival, median (IQR)20 0.92
(0.86-0.95)

0.92
(0.86-0.95)

0.92
(0.86-0.95)

Alive and independent at 6 m, probability,
median (IQR)d,e

0.44
(0.12-0.71)

0.42
(0.12-0.71)

0.42
(0.12-0.71)

Blood glucose, mean (SD), mg/dL 127 (46) 126 (43) 128 (45)

Concomitant medical problems

Atrial fibrillation 638 (24) 673 (25) 684 (26)

Ischemic heart disease 573 (21) 515 (19) 514 (19)

Heart failure 224 (8) 217 (8) 216 (8)

Chronic obstructive pulmonary disease/asthma 253 (9) 242 (9) 245 (9)

Other chronic lung problem 29 (1) 24 (1) 19 (1)

Details of the Qualifying Event

Time since symptom onset, hh:mm median (IQR)d 20:44
(11:53-25:33)

20:32
(12:05-25:31)

20:45
(11:57-25:31)

Diagnosisf,g

Transient ischemic attack 52 (1.9) 50 (1.9) 66 (2.5)

Ischemic stroke 2187 (82.0) 2165 (81.1) 2203 (82.6)

Intracerebral hemorrhage 185 (6.9) 207 (7.8) 196 (7.3)

Stroke without imaging diagnosis 104 (3.9) 106 (4.0) 84 (3.1)

Not stroke or transient ischemic attack 101 (3.8) 98 (3.7) 93 (3.5)

Missing 39 (1.5) 41 (1.5) 26 (1.0)

Glasgow Coma Scale score, median (IQR) [range]h 15 (15-15) [4-15] 15 (15-15) [5-15] 15 (15-15) [3-15]

Thrombolyzedg 447 (17) 410 (15) 447 (17)

NIHSS score, median (IQR)i 5 (3-9) 5 (3-9) 5 (3-9)

Oxygenation

Oxygen given prior to randomizationd 531 (20) 531 (20) 539 (20)

Oxygen saturation on room air, % mean (SD)d 96.6 (1.7) 96.6 (1.6) 96.7 (1.7)

Abbreviations: ADL, activities of daily
living; IQR, interquartile range;
NIHSS, National Institutes of Health
Stroke Scale.

SI conversion factor: To convert
glucose to mmol/L, multiply values
by 0.555.
a Data are reported as No. (%) unless

otherwise indicated. Data were
collected before randomization
unless otherwise indicated.

b Characteristic is one of the
Six Simple Variables.20

c Normal verbal response was taken
from the verbal subitem of the
Glasgow Coma Scale.

d Characteristic is a minimization
variable.20

e The probability of being alive and
independent was calculated using
the Six Simple Variables prognostic
index for independent survival at
6-month assessment.20

f See eAppendix in Supplement 3 for
definitions for diagnoses.

g Indicates data that were recorded
on day 7. All other data were
collected before randomization.

h Glasgow Coma Scale (score range,
3 [deep coma] to 15 [alert and
oriented]).20

i NIHSS range, 0 (no deficit) to 42
(most-severe deficit).

Research Original Investigation Oxygen Supplementation After Acute Stroke

1128 JAMA September 26, 2017 Volume 318, Number 12 (Reprinted) jama.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Florida Atlantic University User  on 10/03/2017

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.11463


Ta
bl

e
2.

Se
co

nd
ar

y,
Ex

pl
or

at
or

y,
an

d
Sa

fe
ty

O
ut

co
m

es

N
o.

(N
=

80
03

)
Co

nt
in

uo
us

O
xy

ge
n

(n
=

26
68

)
N

oc
tu

rn
al

O
xy

ge
n

(n
=

26
67

)
Co

nt
ro

l
(n

=
26

68
)

Co
m

pa
ris

on
1

Co
m

pa
ris

on
2

Co
m

bi
ne

d
O

xy
ge

n
vs

Co
nt

ro
l,

St
at

is
tic

(9
9%

CI
)

P
Va

lu
e

Co
nt

in
uo

us
vs

N
oc

tu
rn

al
,

St
at

is
tic

(9
9%

CI
)

P
Va

lu
e

Se
co

nd
ar

y
O

ut
co

m
es

at
72

h

Hi
gh

es
to

xy
ge

n
sa

tu
ra

tio
n,

m
ea

n
(9

9%
CI

),
%

a
78

60
99

.1
(9

9.
1

to
99

.2
)

98
.8

(9
8.

7
to

98
.9

)
98

.3
(9

8.
2

to
98

.3
)

M
D,

0.
69

(0
.6

1
to

0.
77

)
<.

00
1b

M
D,

0.
32

(0
.2

2
to

0.
41

)
<.

00
1b

Lo
w

es
to

xy
ge

n
sa

tu
ra

tio
n,

m
ea

n
(9

9%
CI

),
%

a
78

60
95

.0
(9

4.
9

to
95

.1
)

94
.5

(9
4.

4
to

94
.6

)
94

.1
(9

4.
0

to
94

.2
)

M
D,

0.
62

(0
.4

8
to

0.
76

)
<.

00
1b

M
D,

0.
48

(0
.3

2
to

0.
63

)
<.

00
1b

O
xy

ge
n

sa
tu

ra
tio

n
<9

0%
,N

o.
(%

)
78

60
39

(1
.5

)
30

(1
.1

)
74

(2
.8

)
O

R,
0.

46
(0

.3
0

to
0.

71
)c

<.
00

1d
O

R,
1.

30
(0

.6
9

to
2.

44
)c

.2
8d

O
xy

ge
n

sa
tu

ra
tio

n
<9

5%
,N

o.
(%

)
78

60
86

1
(3

2.
9)

11
19

(4
2.

9)
13

54
(5

1.
5)

O
R,

0.
57

(0
.5

1
to

0.
65

)c
<.

00
1d

O
R,

0.
65

(0
.5

6
to

0.
76

)c
<.

00
1d

Ne
ed

fo
ra

dd
iti

on
al

ox
yg

en
,N

o.
(%

)
78

09
25

4
(9

.8
)

20
9

(8
.1

)
17

6
(6

.7
)

O
R,

1.
36

(1
.0

7
to

1.
73

)c
.0

01
d

O
R,

1.
23

(0
.9

6
to

1.
59

)c
.0

3d

Se
co

nd
ar

y
O

ut
co

m
es

at
7

d

NI
HS

S,
m

ed
ia

n
(9

9%
CI

)e
77

78
2

(2
to

3)
2

(2
to

3)
2

(2
to

3)
M

dD
,0

(0
to

0)
.5

6f
M

dD
,0

(0
to

0)
.9

5f

Ne
ur

ol
og

ic
al

im
pr

ov
em

en
t,

No
.(

%
)g

77
78

10
16

(3
9.

2)
10

29
(3

9.
7)

10
37

(3
9.

9)
O

R,
0.

98
(0

.8
6

to
1.

11
)c

.6
8d

O
R,

0.
98

(0
.8

5
to

1.
13

)c
.7

1d

De
at

h
by

7
d,

No
.(

%
)

79
59

50
(1

.9
)

35
(1

.3
)

45
(1

.7
)

O
R,

0.
95

(0
.5

9
to

1.
53

)c
.7

8d
O

R,
1.

43
(0

.8
1

to
2.

54
)c

.1
1d

Se
co

nd
ar

y
O

ut
co

m
es

at
90

d

De
at

h
by

90
d,

No
.(

%
)h

76
77

25
7

(1
0.

0)
23

6
(9

.2
)

24
6

(9
.7

)
O

R,
1.

00
(0

.8
1

to
1.

23
)c

.9
6d

O
R,

1.
10

(0
.8

6
to

1.
40

)c
.3

0d

Al
iv

e
an

d
in

de
pe

nd
en

t,
No

.(
%

)i
76

77
13

25
(5

1.
6)

13
16

(5
1.

4)
13

37
(5

2.
5)

O
R,

0.
96

(0
.8

5
to

1.
09

)c
.4

3d
O

R,
1.

01
(0

.8
7

to
1.

17
)c

.8
7d

Li
vi

ng
at

ho
m

e,
No

.(
%

)
68

59
19

61
(8

5.
8)

19
47

(8
4.

8)
19

47
(8

5.
4)

O
R,

0.
99

(0
.8

2
to

1.
20

)c
.9

1d
O

R,
1.

08
(0

.8
7

to
1.

34
)c

.3
5d

Ba
rt

he
lA

DL
in

de
x,

m
ea

n
(9

9%
CI

)j
65

49
70

.2
(6

8.
7

to
71

.8
)

71
.1

(6
9.

6
to

72
.6

)
70

.9
(6

9.
3

to
72

.4
)

M
D,

−0
.1

8
(−

2.
60

to
2.

24
)

.8
5b

M
D,

−0
.8

6
(−

3.
65

to
1.

93
)

.4
3b

No
tt

in
gh

am
Ex

te
nd

ed
AD

L,
m

ea
n

(9
9%

CI
)k

75
28

9.
66

(9
.3

8
to

9.
93

)
9.

54
(9

.2
6

to
9.

81
)

9.
77

(9
.4

9
to

10
.0

5)
M

D,
−0

.1
7

(−
0.

62
to

0.
28

)
.3

2b
M

D,
0.

12
(−

0.
40

to
0.

64
)

.5
5b

EQ
5D

-3
L

fo
rq

ua
lit

y
of

lif
e,

m
ea

n
(9

9%
CI

)l
72

48
0.

50
(0

.4
8

to
0.

51
)

0.
50

(0
.4

8
to

0.
51

)
0.

49
(0

.4
8

to
0.

51
)

M
D,

0.
00

4
(−

0.
02

to
0.

03
)

.7
1b

M
D,

0.
00

3
(−

0.
03

to
0.

03
)

.7
8b

VA
S

fo
rq

ua
lit

y
of

lif
e,

m
ea

n
(9

9%
CI

)m
66

75
55

.4
(5

4.
2

to
56

.7
)

55
.7

(5
4.

4
to

56
.9

)
55

.5
(5

4.
2

to
56

.7
)

M
D,

0.
10

(−
1.

93
to

2.
12

)
.9

0b
M

D,
−0

.2
4

(−
2.

57
to

2.
09

);
.7

9b

Ex
pl

or
at

or
y

O
ut

co
m

es
n

Hi
gh

es
th

ea
rt

ra
te

w
ith

in
72

h,
m

ea
n

(9
9%

CI
),

be
at

s/
m

in
b

78
59

87
.2

(8
6.

3
to

88
.0

)
88

.0
(8

7.
2

to
88

.8
)

87
.7

(8
6.

9
to

88
.4

)
M

D,
−0

.0
7

(−
1.

06
to

0.
92

)
M

D,
−0

.8
3

(−
2.

01
to

0.
35

)

Hi
gh

es
ts

ys
to

lic
BP

w
ith

in
72

h,
m

ea
n

(9
9%

CI
),

m
m

Hg
78

64
16

2.
4

(1
61

.2
to

16
3.

7)
16

2.
8

(1
61

.5
to

16
4.

0)
16

4.
6

(1
63

.3
to

16
5.

8)
M

D,
−1

.9
6

(−
3.

48
to

0.
44

)
M

D,
−0

.3
5

(−
2.

11
to

1.
41

)

Hi
gh

es
td

ia
st

ol
ic

BP
w

ith
in

72
h,

m
ea

n
(9

9%
CI

),
m

m
Hg

78
61

89
.5

(8
8.

7
to

90
.2

)
90

.2
(8

9.
4

to
91

.0
)

90
.9

(9
0.

1
to

91
.7

)
M

D,
−1

.1
0

(−
2.

06
to

0.
15

)
M

D,
−0

.7
2

(−
1.

82
to

0.
37

)

Hi
gh

es
tt

em
pe

ra
tu

re
w

ith
in

7
d,

m
ea

n
(9

9%
CI

),
°C

78
77

37
.1

(3
7.

1
to

37
.2

)
37

.2
(3

7.
1

to
37

.2
)

37
.1

(3
7.

1
to

37
.2

)
M

D,
−0

.0
1

(−
0.

03
to

0.
04

)
M

D,
−0

.0
1

(−
0.

05
to

0.
03

)

An
tib

io
tic

sg
iv

en
w

ith
in

7
d,

No
.(

%
)

79
16

40
0

(1
5.

2)
39

3
(1

4.
9)

40
3

(1
5.

2)
O

R,
0.

99
(0

.8
3

to
1.

17
)c

O
R,

1.
02

(0
.8

4
to

1.
24

)c

Se
da

tiv
es

gi
ve

n
w

ith
in

7
d,

No
.(

%
)

79
16

14
0

(5
.3

)
16

1
(6

.1
)

15
4

(5
.8

)
O

R,
0.

98
(0

.7
6

to
1.

28
)c

O
R,

0.
86

(0
.6

3
to

1.
17

)c

Sl
ee

p
as

go
od

as
be

fo
re

th
e

st
ro

ke
,N

o.
(%

)
65

84
14

07
(6

4)
14

36
(6

5)
14

19
(6

5)
O

R,
0.

98
(0

.8
5

to
1.

13
)c

O
R,

0.
96

(0
.8

2
to

1.
13

)c

No
si

gn
ifi

ca
nt

sp
ee

ch
pr

ob
le

m
s,

No
.(

%
)

67
16

19
57

(8
8)

19
57

(8
7)

19
39

(8
7)

O
R,

1.
09

(0
.8

9
to

1.
32

)c
O

R,
1.

06
(0

.8
4

to
1.

34
)c

M
em

or
y

as
go

od
as

be
fo

re
th

e
st

ro
ke

,N
o.

(%
)

66
46

98
1

(4
4)

10
00

(4
5)

97
1

(4
4)

O
R,

1.
02

(0
.8

9
to

1.
16

)c
O

R,
0.

97
(0

.8
3

to
1.

13
)c

(c
on

tin
ue

d)

Oxygen Supplementation After Acute Stroke Original Investigation Research

jama.com (Reprinted) JAMA September 26, 2017 Volume 318, Number 12 1129

© 2017 American Medical Association. All rights reserved.

Downloaded From: http://jama.jamanetwork.com/ by a Florida Atlantic University User  on 10/03/2017

http://www.jama.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2017.11463


3 groups (Table 1). The mean (SD) age of participants was 72 (13)
years, 4398 (55%) were men, and 7332 (92%) could undertake ac-
tivities of daily living independently before the stroke. The mean
(SD) NIHSS score was 7 (6) and the median score was 5 (IQR, 3 to
9). Prior to randomization, oxygen had been given to 1601 (20%)
participants either in the ambulance or in the hospital. Patients
were enrolled at a median of 20:43 hours (IQR, 11:59 to 25:32
hours) after symptom onset. The mean (SD) oxygen saturation at
randomization was 96.6% (1.7%). All participants had a clinical
diagnosis of stroke at the time of enrollment. The final diagno-
sis at 7 days was ischemic stroke in most cases (n = 6555; 82%),
588 (7%) had a primary intracerebral hemorrhage, and 294 (4%)
were strokes without computed tomography diagnosis. There
were 168 (2%) participants who were given a final diagnosis of
transient ischemic attack, and 292 (4%) were found to have other
nonstroke diagnoses with missing data in 106 (1%).

Informed consent was provided by 6991 (87%) participants,
and 1012 (13%) had consent given by a relative, caregiver, or an
independent legal representative (eTable 1 in Supplement 3). Of
the participants who were unable to personally provide consent
and were included by a representative, 6 (0.1%) refused consent
at the 1-week reassessment and 22 (2%) refused at the 90-day as-
sessment and were withdrawn.

Treatment Adherence
Adherence was similar in the continuous oxygen group (2158
[81%]) and the nocturnal oxygen group (2225 [83%]), all of
whom were prescribed the full course of treatment (eTable 2
in Supplement 3). Use of oxygen was discontinued prema-
turely among 433 (16%) participants in the continuous oxy-
gen group and 361 (14%) in the nocturnal oxygen group. The
most common reason for early discontinuation of oxygen was
discharge from the hospital. In the control group, trial oxy-
gen was recorded as being given to 33 (1.2%) participants, with
no recording of whether oxygen was given among 406 (15%).

Effect on Oxygenation
Oxygen treatment resulted in a significant increase of 0.8% in the
highest oxygen saturation and 0.9% in the lowest oxygen satu-
ration during the 72 hours of the intervention period in the con-
tinuousoxygengroupcomparedwithcontrols,andof0.5%inthe
highest oxygen saturation and 0.4% in the lowest oxygen satu-
ration during the 72 hours of the intervention period in the noc-
turnaloxygengroupcomparedwithcontrols(P < .001forallcom-
parisons;Table2).Significantlymoreparticipantsinthecombined
oxygengroups(n = 463[9%])requiredoxygenforclinicalreasons
during the intervention period than in the control group (n = 176
[7%]) (P < .001). Similarly, more participants in the continuous
oxygen group (n = 254 [10%]) required oxygen than in the noc-
turnal oxygen group (n = 209 [8%]); P = .03.

Main Outcome
The primary analysis demonstrated that oxygen supplementa-
tion did not significantly improve functional outcome at 90 days
(Figure 2). The unadjusted OR for a better outcome (lower mRS)
was 0.97 (95% CI, 0.89 to 1.05; P = .47) for combined oxygen
vs control, and 1.03 (95% CI, 0.93 to 1.13; P = .61) for continuous
oxygen vs nocturnal oxygen. Secondary analyses adjusted forTa
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age, sex, baseline NIHSS score, baseline oxygen saturation, and
the Six Simple Variable prognostic index yielded very similar re-
sults for the combined oxygen group vs control (OR, 0.97 [95%
CI, 0.89 to 1.06]; P = .54) and for continuous oxygen vs noctur-
nal oxygen (OR, 1.01 [95% CI, 0.92 to 1.12]; P = .81). With simi-
lar numbers of missing responses in the 3 groups (continuous
oxygen, n = 101; nocturnal oxygen, n = 106; and control, n = 119),
findings were much the same in sensitivity analyses using mul-
tiple imputation or analyzing only participants who adherered
to protocol (eTable 3 in Supplement 3).

Subgroup analysis (Figure 3) found no indication that treat-
ment effectiveness differed in any of the predefined sub-
groups, even those in whom most benefit might be expected
such as patients with more severe stroke or those for whom
oxygen supplementation was started early after stroke onset.

Secondary Outcomes
Analyses of secondary outcomes also showed no benefit from
oxygen (Table 2). Neurological impairment at 1 week im-
proved from baseline to the same degree in all 3 groups with
median NIHSS scores of 2 (IQR, 1 to 6) by 1 week. Oxygen treat-
ment did not increase the number of participants who were
alive and independent or back in their home, the ability to per-
form basic (Barthel Index) or extended (Nottingham Ex-
tended Activities of Daily Living) activities of daily living, or
quality of life (EuroQol-5D-3L) at 90 days. The results re-
mained unchanged after adjustment for baseline prognostic
factors (eTable 4 in Supplement 3). Mortality (Figure 4) was
similar in the oxygen (both groups combined) and control
groups (hazard ratio [HR], 0.97 [99% CI, 0.78 to 1.21]; P = .75),
and for continuous oxygen vs nocturnal oxygen (HR, 1.15 [99%
CI, 0.90 to 1.48]; P = .15).

Exploratory Analyses
There was no evidence of increased stress levels (higher heart
rates, higher blood pressure, and need for sedation) in the

oxygen-treated group than in the control group or evidence that
oxygen treatment was associated with more infections, with
little difference in the highest temperature or the need for an-
tibiotics (Table 2).

Safety Outcomes
The number of serious adverse events by 90 days was similar
in the combined oxygen and control groups, but lower in the
nocturnal oxygen group when compared with the continu-
ous oxygen group (Table 2; eTable 5 in Supplement 3). No oxy-
gen-related adverse events (respiratory depression, drying of
mucous membranes) were reported.

Discussion
In this clinical trial of patients with acute stroke, routine pro-
phylactic low-dose oxygen supplementation did not improve
outcome among patients who were not hypoxic at baseline,
whether oxygen was given continuously for 72 hours or at night
only. This applied to the primary 90-day functional outcome
and to all other tested outcomes, including early neurologi-
cal recovery, mortality, disability, independence in basic and
extended activities of daily living, and quality of life. The re-
sults remained unchanged in analyses adjusted for baseline
prognostic factors and in sensitivity analyses using multiple
imputation or analyzing adherers only. Subgroup analyses did
not identify any characteristics that would make a patient more
likely to benefit from oxygen treatment (includes enrollment
between 3 to 6 hours after stroke onset, patients with a lower
baseline oxygen saturation, severe strokes, a reduced level of
consciousness, and a history of heart failure or lung disease
[ie, characteristics for which benefit from oxygen was most an-
ticipated]). Because of the large overall size of this trial, these
patient subgroups were each sufficiently large for the lack of
observed benefit to be likely real and not a false negative.

Figure 2. Main Outcome Assessed by Modified Rankin Scale Score at 90-Day Follow-up

400 8020 60 100

Percentage of Patients

Modified Rankin Scale Score

0 1 2 3 4 5 6

Control group 2549 336 671 330 415 395 156 246

605 1399 637 883 795 316 493

Combined oxygen vs controlA

Combined oxygen group 5128

No. of
Patients

400 8020 60 100

Percentage of Patients

Nocturnal oxygen 292 709 315 422 419 168 236

Continuous oxygen 313 690 322 461 376 148 257

Continuous oxygen vs nocturnal oxygenB

2567

2561

No. of
Patients

From the ordinal regression analysis,
the unadjusted odds ratio for a better
outcome (lower modified Rankin
Scale [mRS] score) was 0.97 (95% CI,
0.89 to 1.05; P = .47) for combined
oxygen vs control, and 1.03 (95% CI,
0.93 to 1.13; P = .61) for continuous
oxygen vs nightly oxygen (mRS score
range, 0 to 6 [0, no symptoms;
1, few symptoms but able to carry
out all previous activities and duties;
2, unable to carry out all previous
activities but able to look after own
affairs without assistance; 3, needs
some help with looking after own
affairs but able to walk without
assistance; 4, unable to walk without
assistance and unable to attend to
own bodily needs without assistance
but does not need constant care and
attention; 5, major symptoms such as
bedridden and incontinent and needs
constant attention day and night;
6, death]).
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In contrast to the much smaller SOS Pilot study,15 this trial
showed no evidence of better early neurological recovery with
oxygen. Subgroup analysis of an earlier study of low-dose oxy-
gen supplementation in acute stroke14 suggested that oxygen
might adversely affect outcome in patients with mild strokes,

possibly through formation of toxic free radicals. A more re-
cent study of short-burst high-flow oxygen (45 L/min) was
terminated early (after enrollment of 85 patients) because of
excess mortality in the actively treated group.13 Hyperoxia was
independently associated with mortality in a large retrospec-

Figure 3. Subgroup Analyses for an Improved Outcome Assessed by Modified Rankin Scale Score Comparing Oxygen vs Control at 90 Days

P Value Test
for Interaction

Favors
No Oxygen

Favors
Oxygen

0.5 1.751.25 1.501.0
Odds Ratio (95% CI)

No. of Patients by Group

Continuous or
Nocturnal Oxygen Control

Oxygen Concentration at Randomization, %

Odds Ratio
for an Improved
Outcome (95% CI) 

.93

.37

.97

.47

.95

.19

.13

.66

>.99

.15

.55

.47

145 95<94 0.99 (0.63-1.56)
333 14494-94.9 0.98 (0.69-1.38)

3074 148295-97 0.95 (0.85-1.06)
1576 828>97 1.01 (0.87-1.17)

NIHSS at Baseline
2269 11720-4 0.94 (0.83-1.07)
1619 7555-9 0.96 (0.82-1.12)

636 30210-14 1.07 (0.84-1.36)
354 21215-20 1.28 (0.94-1.73)
250 108>20 0.81 (0.53-1.22)

Final Diagnosis
4222 2112Ischemic stroke 0.97 (0.89-1.06)

99 63Transient ischemic attack 1.00 (0.57-1.76)
381 192Primary intracerebral hemorrhage 1.00 (0.74-1.36)
205 80Stroke without imaging diagnosis 1.02 (0.64-1.60)
178 81Other 0.82 (0.52-1.31)

Time Since Stroke Onset, h
71 30≤3 0.92 (0.43-1.95)

399 219>3-6 0.84 (0.63-1.12)
823 400>6-12 1.13 (0.91-1.39)

Age at Randomization, y
310 164<50 0.97 (0.69-1.36)

3291 159950-80 0.95 (0.86-1.06)
1527 786>80 0.99 (0.85-1.15)

2142 1057>12-24 0.95 (0.83-1.08)

SSV Risk Score
1185 593≤0.1 1.05 (0.88-1.24)
1079 539>0.1- ≤0.35 0.86 (0.71-1.03)
1578 786>0.35-≤0.7 1.05 (0.90-1.23)
1286 631>0.7 0.89 (0.75-1.05)

1681 836>24 0.95 (0.82-1.10)

COPD Status
4649 2313No 0.99 (0.91-1.08)

479 236Yes 0.79 (0.60-1.04)
Congestive Heart Failure

4704 2345No 0.98 (0.90-1.07)
425 204Yes 0.92 (0.69-1.24)

Level of Consciousness
565 288GCS eye and motor score <10 0.97 (0.76-1.25)

4563 2261GCS eye and motor score = 10 0.97 (0.89-1.06)
Oxygen Before Randomization

4031 2000No 1.01 (0.92-1.11)
1030 516Yes 0.87 (0.73-1.05)

Thrombolysis Performed
4265 2107No 0.96 (0.87-1.05)

832 432Yes 1.05 (0.86-1.29)
5128 2549All Patients 0.97 (0.89-1.05)

The x-axis depicts the common odds ratio (OR) for a better outcome over all 7
levels of the modified Rankin Scale score (mRS), derived from ordinal logistic
regression. ORs greater than 1 indicate that a good outcome (low mRS) is more
likely with oxygen than with control (reference category). The size of the
markers reflects the total sample size in each subgroup, with larger markers

indicating more precise estimates. The subgroup thresholds for oxygen
concentration at randomization were revised from the prespecified thresholds
because the analysis did not converge using the prespecified values.
SSV indicates Six Simple Variable risk score; COPD, chronic obstructive
pulmonary disease; GCS, Glasgow Coma Scale.
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tive cohort study of ventilated patients with stroke.28 Al-
though suggestive of potential harm, these findings could be
due to confounding factors.

As a large pragmatic trial, this study included unselected
patients with a clinical diagnosis of acute stroke without ra-
diological confirmation. The sample therefore included ische-
mic and hemorrhagic strokes and participants who were later
found to have mimics or transient ischemic attacks.

More than half of all acute stroke services in the
United Kingdom participated, and wide inclusion criteria
allowed enrollment of a representative sample of patients
with ischemic and hemorrhagic stroke across the whole
range of severity. Stroke severity was similar to that of
the UK stroke population as a whole, with a median NIHSS
of 5 in this trial and 4 in the UK Sentinel Stroke National
Audit Programme, which includes every stroke patient
admitted to UK hospitals.29 The median NIHSS of 127 950
patients with acute ischemic stroke in the US Get with the
Guidelines Register30 was 5, as in this trial. A median NIHSS
of 5 at baseline was also recorded in a large Dutch study of
antibiotic prophylaxis after stroke, with similarly wide
inclusion criteria.31

This study has several limitations. Minor benefits from
oxygen treatment might have been masked by poor adher-
ence. However, this seems unlikely given the high statistical
power to detect even small improvements. Moreover, sensi-
tivity analyses did not show better outcomes in the adherers-
only group (eTable 3 in Supplement 3). Furthermore, this trial
found significant increases in the oxygen saturations in the
treated groups compared with the control group. Patients
with acute stroke are often restless and confused. Ensuring
full adherence would ideally require a 1 to 1 nurse-to-patient
ratio. However, this is not possible outside an intensive care
setting. The main outcome was assessed by postal question-
naire and supported by telephone interviews with nonre-
sponders. This method has been used successfully in large

pragmatic trials32,33 but has been replaced by remote
multiple-rater video-recorded interviews or in-person inter-
view and examination by an allocation-blinded rater using
formal structured assessments in several more recent
studies.34 Low-dose oxygen supplementation may not be suf-
ficient to prevent severe desaturations; both the SOS Pilot15

and this trial found no significant difference in severe desatu-
rations between the treatment and control groups. A small
(N = 46) nonrandomized study comparing high-flow oxygen
treatment via mask with low-flow supplementation via nasal
cannula showed a trend toward lower mortality with high
flow that was not statistically significant. However, evidence
from randomized trials of high-flow oxygen treatment in
acute stroke11-13 does not show that higher doses of oxygen
are associated with better outcomes. Early administration of
high-dose oxygen might help maintain the viability of the
ischemic penumbra and allow a broader time window for
neuroprotection or thrombolysis. This question was not
addressed in this trial of prophylactic oxygen, but will be
tested in the PROOF trial.35

The median time from stroke onset to randomization in
this trial was 20 hours, 43 minutes. However, 101 partici-
pants were enrolled early (within 3 hours of symptom
onset). Subgroup analysis (Figure 3) showed a similar lack of
effect for oxygen in the small subset of patients enrolled
early as in those enrolled later but was underpowered.
Larger trials in the early time window would be needed to
definitely exclude a benefit.

Conclusions
Among nonhypoxic patients with acute stroke, the prophy-
lactic use of low-dose oxygen supplementation did not re-
duce death or disability at 3 months. These findings do not sup-
port low-dose oxygen in this setting.

Figure 4. Patient Mortality From 0 Through 90 Days
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Cutoff for mortality differs from the 90-day mortality reported in Table 2 and Figure 2, in which responses were accepted up to 6 months if 3-month outcomes
were not returned. Median duration of follow-up was 90 days (range, 0 to 90) in each treatment group.
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