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Association between Early Hyperoxia
and Neurologic Outcome in Patient with
High Grade Aneurysmal Subarachnoid
Hemorrhage
Abstract
Background: Oxygenation support is a common practice in patients with
aneurysmal subarachnoid hemorrhage (SAH). The aim of this study was to analyze
the association between early hyperoxia and the neurological outcome in patients
presenting a High Grade SAH, using the modified Rankin Scale (mRS) at 6 months.
Methods: We retrospectively analyzed data of SAH in a single center, retrospective,
observational study. The inclusion criteria were patients’ ≥ 18 years-old, under
mechanical ventilation upon admission to the intensive care unit (ICU) and
presenting an aneurysmal SAH with a WFNS score ≥3. Hyperoxia was defined
as PaO2 > 120 mmHg and classified into 3 subgroups: mild (121-200 mmHg),
moderate (201-300 mmHg) and severe (> 300 mmHg). Patients with a 6 monthsmRS >3 were considered as having a poor outcome.
Results: One hundred and thirty-nine patients with aneurysmal SAH were included.
82% of patients were exposed to hyperoxia with predominance of mild hyperoxia
(42.8%). A higher yet non-statistical, poor neurologic outcome was identified in
the hyperoxic compared to normoxic group (72% vs. 87.7% OR 2.8 [1.02-7.71], p
0.12). Following a multivariate analysis, a statistical trend was identified between
the hyperoxic group and a 6-month poor neurological outcome (OR 2.84, 95% CI,
0.99-8.19; p=0.052), but no statistical association was found with delayed cerebral
ischemia (OR 1.68, 95% CI, 0.5-5.71, p=0.39) nor with 28-day mortality (OR 2.17,
95% CI, 0.82-5.75, p=0.11).
Conclusions: Our findings suggest a statistical trend between early hyperoxia and
a poor neurological outcome at 6 months, in patients with a high grade aneurysmal
SAH admitted to the ICU. Further, large-scale studies are required to fully evaluate
the effects of hyperoxia.
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Introduction
Hyperoxia has been associated with a poor neurological outcome
in intensive care unit (ICU)-admitted patients presenting with
a resuscitated cardiac arrest, stroke, traumatic brain injury or a
ST-segment elevation myocardial infarction [1-4]. 5% of cerebral
strokes are caused by aneurysmal subarachnoid hemorrhage
(SAH), with an incidence of 3 per 100 000 among the French
population. The death rate is close to 50%, and one in 5 survivors
develop a functional dependency and disability despite, an
adequate neuro-intensive and neurosurgical care [5,6].
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Initial management requires airway control to prevent hypoxia.
Frequently, this oxygen supplementation leads to hyperoxia. This
hyperoxia is responsible for a production of free radicals that
would be harmful. To our knowledge, few studies investigated
the impact of hyperoxia on the neurological outcome of patients

© Under License of Creative Commons Attribution 3.0 License | This article is available in: www.jneuro.com

1

ARCHIVOS
DE MEDICINA
Journal of Neurology
and Neuroscience
ISSN
1698-9465
ISSN
2171-6625

with SAH [7-9], and its underlying mechanisms remain unclear.
One study showed an increased rate of cerebral delayed ischemia
(DCI), as well as a worsening neurological prognosis in patients
subjected to hyperoxia [8]. We, therefore, hypothesized that
hyperoxia at ICU admission, exacerbated the neurological
outcome of patients with high grade SAH requiring neurointensive
care and mechanical ventilation. Consequently, we sought to
analyze the relation between hyperoxia upon ICU admission, and
the neurological outcome in high grade SAH patients, using the
modified Rankin Scale (mRS) at 6 months after stroke.

Patients and Methods
This single-center, retrospective cohort study was conducted
at Reims University Hospital, a regional reference center, with
an annual ICU admission rate of 30 to 50 patients with SAH.
Hospitalized SAH patients received interdisciplinary medical
care, with a team of specialists including a neurosurgeon, a
neuroradiologist, an anesthesiologist and a neuro-intensivist
within the ICU.
This study was undertaken in accordance with the Declaration
of Helsinki and the French legislation on ethics in biomedical
research. It was approved by the institutional review board
(IRB) of the French Society of Anesthesiology and Critical Care
(SFAR) (Approval number: 00010254--‐2018--‐090), as well as the
Commission Nationale de l'Informatique et des Libertés (CNIL)
(authorisation number: 2004721 v 0).

Inclusion criteria and population
Patients included were, 18 years of age and older, admitted in
the ICU between January 2012 and April 2018, with a confirmed
diagnosis of an aneurysmal SAH with a WFNS score ≥3, and
requiring mechanical ventilation. Pregnant women and patients
presenting a traumatic SAH were excluded.

Management of SAH patients in ICU
All patients were managed in accordance with the
Recommendations from the Neurocritical Care Society’s
Multidisciplinary Consensus Conference [7]. Patients were
monitored on a case-by-case basis with, an Intracranial Pressure
probe, as well as an oxygenation monitoring by a PtBO2 probe.
The cerebral vascularization was also monitored at least 3 times a
day using a transcranial Doppler (TCD).
Delayed Cerebral Ischemia (DCI) was defined using admitted
criteria and TCD findings of DCI for patient under mechanical
ventilation, and for association between TCD signs and
development of new focal neurological sign and confirmed by
appearance of new infarcts on computed tomography, resonance
imaging or cerebral angiography [8]. Fluid management was
administered according to recommendations, analgesia was
achieved using sufentanil or remifentanil, and sedation was
obtained using Midazolam or Propofol, and rapidly interrupted
once the SAH was secured by procedure (surgery or coiling) and
with no consequent episodes of intracranial hypertension (ICH)
or ventilator dysynchrony [7].
The treatment of ICH followed the international guidelines
[7]. Patients with refractory ICH may have been treated with
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therapeutic hypothermia (35°C), after careful review and
in conjunction within the medical team. Patients received
Nimodipine as well via the nasogastric tube in prevention of DCI,
and hyperthermia was treated by acetaminophen or external
cooling.
Mechanical ventilation was delivered in a volume-controlled
mode with constant inspiratory flow, with tidal volume targeted
at 6 ml per kilogram of predicted body weight, and the PEEP level
between 5 and 12 cm H2O and FiO2 for objective PaO2 between 80
and 120 mmHg, respiratory rate for PCO2 range to 38-42 mmHg.

Data recording
The following data were collected: Age, sex, chronic hypertension,
tobacco and/or alcohol use, body temperature, PaO2 at admission
coma Glasgow scale (CGS), Fisher scale and WFNS grading,
presence of a securing procedure, the simplified acute physiology
score (SAPS II), episodes of ICH (Intra cranial hemorrhage),
seizures, hydrocephaly, documented ventilator-acquired
pneumonia, cardiac dysfunction, events of DCI, of pulmonary
neurogenic edema, as well as sepsis, duration of mechanical
ventilation and ICU length of stay, mortality at 28th day post
admission, 6-month mRS score.

Definitions of hyperoxia
We collected PaO2 at the admission of patients under mechanical
ventilation. Hyperoxia was defined as a PaO2 value above 120
mmHg like a previous study [8]. We then defined 3 subgroups
of hyperoxia i.e., mild (121-200 mmHg), moderate (201-300 mmHg)
and severe (>300 mmHg) as previously described, to examine the
effect of hyperoxia exposure in mechanically ventilated patient) [10].

Complications
Ventilator-associated pneumonia was identified following the
French recommendations [11] and ICH was defined as an
Intracranial Pressure (ICP) value above 25 mmHg, for more than
5 minutes. Cardiac dysfunction was assessed by a left ventricular
ejection fraction (LVEF) below 50%, and pulmonary neurogenic
edema was considered, in the absence of increased left ventricular
pressure, along with the presence of B-lines in pulmonary
ultrasonography or edema on chest X-ray, and the absence of any
other probable cause for developing an Acute Respiratory Distress
Syndrome (ARDS) [12]. Sepsis was also evaluated according to
the criteria of the Surviving Sepsis Campaign [13].

Outcome
The main end point was the mRS score at 6 months (+/- 2 weeks),
which was either evaluated during a follow-up consultation or by
telephone interview. A poor neurological prognosis was defined
by a mRS value >3 at 6 months. Secondary outcomes included 28th
day mortality, the presence of DCI, the duration of mechanical
ventilation, and ICU-hospitalization period.

Statistical analysis
We performed a descriptive analysis of the data collected
in our study. Qualitative variables are described as numbers
(percentages), whereas quantitative variables as mean ± standard
deviation or median and interquartile ranges. Associations
This article is available in: www.jneuro.com
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between PaO2 levels and demographic and clinical baseline data
were investigated using the Chi-squared test, Fisher’s exact test,
or Kruskal Wallis test as deemed appropriate. The association
between hyperoxia and the outcomes “poor prognosis”, DCI,
and 28th day mortality was examined using a bivariate analysis,
and odds ratios (OR) with 95% Confidence Interval (95% CI)
were calculated. Multivariable logistic regression analysis was
performed, correcting adjustments for age, sex, poor prognosis,
DCI events and their treatment, and for mortality day-28. Results
bearing p-value <0.05 were considered as statistically significant.
All analyses were performed using SAS, version 9.4 (SAS Institute,
Inc., Cary, NC, USA).

Results
General characteristics of the population
Between January 2012 and April 2018, 195 patients were admitted
into the ICU under mechanical ventilation with a confirmed
diagnosis of SAH. 56 of the 195 patients were excluded (1 for
age <18 years, 29 for a WFNS grading <3, and 25 for traumatic
SAH) (Figure 1). A total of 139 patients with aneurysmal high
grade SAH were therefore analyzed. Ninety-five patients (68%)
patients were women with a mean age of 54.9 years old. Chronic
hypertension and tobacco use were present in at least one third
of patients. All characteristics are summarized in Table 1. A WFNS
grade of 5 and a Fisher scale of 4 were mainly identified in our
cohort. One third of all aneurysm treatment was performed by
interventional neuroradiology. Seventy-three percent of patient
had at least one episode of high ICP measure, and 23% developed
a DCI during their ICU hospitalization period. The SAPS II median
was 56 (45-64), while the median mechanical ventilation duration
was 11 days. 28th day mortality was about 49.6% and surged to
66% at 6 months.
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the mostly represented (42.8%) (Table 2). Univariate analysis
reported no significant differences in age, sex, medical history,
treatment and adverse events. The ICU mortality and mRS scores
were not statistically different among the 3 subgroups, and the
6-months mortality (mRS=6) ranged between 48 and 71.4%.
However, a significant correlation was noted between higher
WFNS scores and moderate to severe hyperoxia (p=0.0005)
(Table 2). There were also more episodes of High-ICP in hyperoxia
subgroups.

Neurological outcomes
Poor neurologic prognosis was more predominant in the
hyperoxia vs. normoxia (87.7% vs. 72% OR 2.8 [1.02-7.71];
p=0.12), though not statistically related. In multivariate analysis
however, a statistical trend was identified between hyperoxia and
the emergence of a poor neurologic outcome (OR=2.84, [0.998.19]; p=0.052) (Table 3).

Secondary outcomes
DCI episodes, as well as 28th day mortality, were both more
predominant in the hyperoxia vs. normoxia group, with the
latter outcome being statistically different (32% vs. 54%, OR 2.5
[0.93-7.31]; p=0.05). In multivariate analysis, hyperoxia was not
significantly associated with DCI (OR=1.68, [0.5-5.71]; p=0.39)
nor with 28th day mortality (OR 2.17, [0.82-5.75]; p=0.11).
Comparatively, the duration of mechanical ventilation and the
ICU hospitalization period were less important in the hyperoxia
group (Table 3 and Figure 2).

Hyperoxia subgroups
The mean PaO2 at admission was 181 mmHg (Table 1). In our
study 82% of patients were exposed to hyperoxia at admission,
with the mild hyperoxia subgroup (PaO2 [121 - 200 mmHg) being

Figure 1 Flow chart.
© Under License of Creative Commons Attribution 3.0 License

Figure 2 Modified Rankin scale (mRS) at 6 months.
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Table 1 General characteristics of the population.
Variables
Age (Years)
Sex (female)

Patients (n=139)
54. 9 ± 12
95 (68.3)
Medical history

Tobacco
Alcohol
Chronic hypertension

55 (39.6)
16 (11.5)
46 (33)
Initial evaluation

temperature (°C)
GCS
PoO2 (mmHg)

36.2 ± 1
5 (3-7)
181 (137-229)
WFNS

III
IV
V

4 (2.9)
34 (24.4)
101 (72.6)
Fisher scale

I
II
III
IV

0 (0)
1 (0.7)
14 (10.1)
124 (89.2)
Therapeutic procedures

Surgery
Coiling
Abstention

39 (28)
83 (59.7)
17 (12.2)
Adverse events

High ICP
Seizure
hydrocephalus
DO
LVEF failure
VAP
sepsis
Neurogenic edema
SAPS II
Duration of Mechanical ventilation
ICU stay
Mortality Day 28

102 (73.3)
41 (29.5)
52 (37.4)
32 (23)
26 (18.7)
58 (41.7)
28 (20.1)
21 (15.1)
56 (45-64)
11 (4-21)
15 (4-23)
69 (49.6)

mRS at 6 months
0
3 (2.1)
1
3 (2.1)
2
15 (10.8)
3
7 (5)
4
10 (7.2)
5
9 (6.4)
6
92 (66.1)
Data are expressed as mean ± standard deviation. number (percentage). or median (interquartile range).
CGS: Glasgow Coma Scale; WFNS: World Federation of Neurosurgical Societies; ICP: Intracranial Pressure; DCI: Delayed Cerebral Ischemia; LVEF: Left
Ventricular Ejection Failure; SAPS II: Simplified Acute Physiology Score; ICU: Intensive Care Unit; mRS: modified Rankin Scale

Discussion
Our study is the first to report a high trend association between
Hyperoxia and 6-month poor neurological outcome in patients
suffering from severe SAH admitted to the ICU. Our findings are
in accordance with the results of the study published by Jeon
et al. published in 2014, in this first and sole prospective study

4

to ascertain this association, the authors noted the existence
of a relationship, though non-statistical, between hyperoxia
and a poor neurological outcome at 3 months (p=0.087) In this
study, only patients on mechanical ventilation were included. In
addition, the study population was older (56.7 vs. 53.7 years of
age p=0.005) and had more severe forms of meningeal bleeding
This article is available in: www.jneuro.com
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Table 2 Sub-groups oxygenation.
Mild Hyperoxia
Moderate Hyperoxia
Severe Hyperoxia
p
(n=60)
(n=42)
(n=12)
Age (Years)
57.7 ± 8.5
55.5 ± 11
52.6 ± 14.5
54.1 ± 12.8
0.4
Sex (female)
15 (60)
40 (66.6)
30 (69.7)
10 (83)
0.5
Medical history
Tobacco
15 (60)
26 (43.3)
14 (32.5)
5 (41.6)
0.78
Alcohol
8 (32)
6 (10)
7 (16.2)
0 (0)
0.48
Chronic hypertension
10 (40)
20 (33.3)
14 (32.5)
4 (33.3)
0.99
Initial evaluation
PaO2 (mmHg)
95 (76-104)
164 (152-181)
229 (211-249)
355 (324-422)
<0.0001
Temperature (°C)
36.3 ± 1
36.3 ± 1.1
36.1 ± 0.8
35.6 ± 1.1
0.17
GCS
7 (4-8)
4 (3-7)
5 (3-8)
3 (3-8)
0.25
WFNS
III
0 (0)
2 (3.3)
1 (2.4)
3 (8.3)
IV
11 (44)
5 (8.3)
16 (38.1)
2 (16.6)
0.0005
V
14 (56)
53 (88.3)
25 (59.5)
9 (75)
Fisher test
I
0 (0)
0 (0)
0 (0)
0 (0)
II
1 (4)
0 (0)
0 (0)
0 (0)
0.51
III
1 (4)
8 (13.3)
4 (9.6)
1 (8.3)
IV
23 (92)
52 (86.6)
38 (90.4)
11 (91.6)
Therapeutic procedures
Surgery
5 (20)
19 (31.6)
9 (21.5)
6 (50)
Coiling
19 (76)
35 (58.3)
23 (54.7)
6 (50)
0.07
abstention
1 (4)
6 (10)
10 (23.8)
0 (0)
Adverse events
High ICP
14 (56)
42 (70)
36 (85.7)
10 (83)
0.04
Seizure
7 (28)
18 (30)
12 (28.6)
4 (33.3)
0.98
hydrocephalus
10 (40)
22 (36.6)
15 (35.7)
5 (41.6)
0.97
DCI
4 (25)
14 (23.3)
13 (30.9)
1 (8.3)
0.3
LVEF failure
5 (20)
12 (20)
8 (19)
1 (8.3)
0.89
VAP
11 (44)
26 (43.3)
17 (40.4)
4 (33.3)
0.92
Neurogenic edema
5 (20)
10 (16.6)
5 (11.9)
1 (8.3)
0.76
sepsis
5 (20)
13 (21.6)
9 (21.4)
1 (8.3)
0.76
SAPS II
55 (43-66)
56 (44-63)
54 (44-62)
55 (48-72)
0.8
Duration of Mechanical ventilation
12 (9-19)
14 (4-23)
11 (3-19)
5 (2-18)
0.48
ICU stay
16 (10-22)
15 (4-22)
12 (3-21)
6 (2-23)
0.44
Mortality Day 28
8 (32)
33 (55)
22 (51)
7 (58.3)
0.24
Prognostic at 6 months
Good prognostic (mRS<3)
7 (28)
7 (11.6)
4 (9.75)
3 (25)
0.05
Poor prognostic (mRS≥3)
18 (72)
53 (88.4)
38 (90.25)
9 (25)
Data are expressed as mean ± standard deviation. Number (percentage) or median (Interquartile range).
CGS: Glasgow Coma Scale; WFNS: World Federation of Neurosurgical Societies; ICP: Intracranial Pressure; DCI: Delayed Cerebral Ischemia; LVEF: Left
Ventricular Ejection Failure; SAPS II: Simplified Acute Physiology Score; ICU: Intensive Care Unit; mRS: modified Rankin Scale.
Variables

Normoxia (n=25)

Table 3 Univariate and multivariate analysis.
Variables
Poor neurologic outcome (mRS≥3)
Delayed Cerebral Ischemia
Mortality day-28
Duration of mechanical ventilation
ICU-Stay

Normoxia (n=25)
18 (72)
4 (16)
8 (32)
12 (9-19)
16 (10-22)

Univariate analysis
Hyperoxia (n=114)
OR (95 IC)
100 (87.7)
2.8 (1.02-7.71)
28 (24.6)
1.7 (0.55-5.35)
62 (54.3)
2.5 (0.93-7.31)
11 (3-21)
-14 (3-23)
--

compared to patients excluded from the study (Glasgow, Hunt
and Hess score, modified Fisher score p<0.001) [9]. On the other
© Under License of Creative Commons Attribution 3.0 License

P-value
0.12
0.43
0.05
0.47
0.38

Multivariate analysis
OR (95% CI)
P-value
2.84 (0.99-8.19)
0.052
1.68 (0.5-5.71)
0.39
2.17 (0.82-5.75)
0.11
-----

hand, a more recently published retrospective cohort study did
not find a correlation between hyperoxia and the emergence of
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a poor neurological fallout (p=0.06). In contrast, in this study, the
subgroup of patients with H&K I-III SAH exposed to hyperoxia had
an unfavorable neurological prognosis (p=0.02) [10].
In our population the hyperoxia was very early, because patients
were often admitted to the unit already under mechanical
ventilation with pre-hospital orotracheal intubation, with
frequent transfer under high levels of FiO2. More generally,
hyperoxia has been associated with a higher mortality in other
diseases. A study examining the effect of hyperoxia on brain
injury found an increase in mortality [2]. Another cohort study
reviewing patients resuscitated from a cardiac arrest, found
an association between hyperoxia and an increase in hospital
mortality [1]. Elsewhere, other studies have claimed a protective
cerebral effect of hyperoxia in patients presenting with a stroke
or brain injury. Hyperoxia would improve brain metabolism by
lowering lactate levels and therefore enhancing cerebral neuroenergetics [14].
The harmful mechanisms of hyperoxia are controversial and are
currently the subject of much debate. However, studies have
shown that hyperoxia increases the amount of oxygen dissolved
in the blood causing the overproduction of oxygen derivatives
including free radicals. These free radicals hold a free electron
on their surface and are therefore extremely reactive with their
environment [15].
Physiologically, mitochondria produce free radicals, but they are
quickly destroyed. Their production leads to lipid peroxidation,
protein oxidation and DNA damage. Peroxidation leads to
enzymatic inactivation, oxidation of thiol proteins and inhibition
of the mitochondrial respiratory chain [16]. Protein oxidation
results in the formation of protein aggregate by resistance to
proteolysis [17]. Finally, free radicals hold DNA toxicity, leading to
apoptosis and carcinogenesis [18]. Other studies have suggested
that hyperoxia may lead to vasoconstriction and decreased
cerebral blood flow. Ultimately, this oxidative stress leads to
cardiac, pulmonary and neurological toxicity [19]. Hyperoxia
is also harmful at the pulmonary level with the appearance of
Hyperoxic Acute Lung Injury (HALI) [20], secondary to mechanical
ventilation at a high level of FiO2 that can create real respiratory
distress and thus worsen the prognosis of SAH patient.
The results of our study may be explained by the definition
choice of hyperoxia. Indeed, the 2 previously mentioned studies
had a divergent cutoff point for defining hyperoxia and had thus
contrary findings. We decided to classify hyperoxia into three
subgroups, as done in the most recent study by Yokoyama et
al. regardless of the lack of a statistical link in their findings.
Our study did not substantiate a significant difference regarding
the occurrence of vasospasms in the subgroup analysis (p=0.3).
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