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Abstract: In the management of acute ischemic stroke (AIS), researchers have investigated how oxygenation affects patient survival. They’ve found that 
both low oxygen (hypoxia) and high oxygen (hyperoxia) levels are linked to worse outcomes. Interestingly, keeping oxygen saturation levels within the optimal 
range of 94-98% is associated with better outcomes. These findings emphasize the significance of prompt addressing of oxygenation levels in AIS treatment, 
stressing the importance of careful monitoring and personalized interventions to lower the risk of death. Developing guidelines based on this evidence could 
greatly improve patient outcomes and lessen the burden of stroke-related deaths.
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Introduction
Acute ischemic stroke (AIS) is a leading cause of morbidity 
and mortality globally. Timely management of AIS is crucial to 
improve patient outcomes, and optimizing oxygenation levels 
is a fundamental aspect of stroke care. The association between 
mortality of stroke patients and their oxygenation in the first few 
hours of admission was investigated by Akca O, et al. (2020) [1]. 
This retrospective study aimed to investigate the impact of varying 
oxygenation levels on mortality in both reperfused and non-
reperfused AIS patients. Oxygenation levels were measured using 
pulse oximetry (SpO

2
), with the intent to focus on oxygenation 

by creating a ratio between fraction of inspired oxygen (FiO
2
) to 

oxygen saturation (SpO
2
/FiO

2
). The rationale for this shift in 

focus was based on the hypothesis that hyperoxia could also be 
detrimental to these patients. They argued that targeting a higher 
than physiological normal oxygen tension in the setting of an 
elevated FiO

2
 may lead to tissue injury. Therefore, they aimed to 

clarify the potential mal effects of both hyper- and hypoxia. They 
found that in AIS patients, higher oxygenation levels (SpO

2
/FiO

2 

> 250) were associated with lower risk of mortality, with these 
patients experiencing a 5% mortality rate, during their hospital 
stay compared to their counterparts in the low oxygenation group 
(SpO

2
/FiO

2
 < 250), who experienced a mortality rate of 26%. 

They also demonstrated an inverse correlation between SpO
2
/

FiO
2
 and mortality (R² = 0.973), with patients in the highest 

oxygenation group (SpO
2
/FiO

2
 > 400) experiencing the lowest 

mortality rate of 2.6%, compared to an overall mortality rate 

of 5.7%. A U-shaped relationship when they plotted mortality 
stratified by SpO

2
. Interestingly, while there was an observed 

reduction in mortality with the avoidance of hypoxia (SpO
2
 > 

95%) there was also an increased odds of mortality when SpO
2
 

was > 99%. Although the increased risk of mortality with low and 
high levels of oxygenation was not unexpected, these differences 
were not statistically significant compared to the overall mortality 
of AIS patients.
This association between mortality and degree of oxygenation has 
been reaffirmed across multiple studies and different populations, 
including patients with covid pneumonia, in the emergency 
department, and in the ICU [2-5]. One such study examined the 
role of varying levels of oxygenation on mortality in 3464 critically 
ill patients.  They found that hypoxic patients (SpO

2
 < 92%) had 

statistically increased odds of in-hospital mortality across all FiO2 
levels (21-100%) with OR ranging from 1.9 (1.5–2.6) to 17.8 (10.1–
31.4). They also found that when patients were hyper-oxygenated 
(SpO

2
 > 98%) by receiving high FiO

2
 (> 50%), there was an 

associated increase in mortality risk ranging from 1.5 (1.1–2.2) to 
7.7 (4.3–13.5). Caution should be taken in interpreting the results 
of these trials as the definition of normoxia was variable. Some 
of the referenced studies included patients with SpO

2
 < 94% in 

the normoxic groups.  While this management strategy may be 
appropriate for patients with non-neurological illness, current 
AHA/Stroke guidelines recommend SpO

2
 > 94% in AIS patients 

[6]. While there is evidence that hyperoxia is potentially harmful 
to many patients, the optimal oxygenation range continues to be 
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unknown in AIS.
More recently, Farag E, et al. (2022), examined the effects of 
oxygenation in the first 48 hours post-thrombectomy on mortality 
in AIS patients. They found a similar U-shaped association 
between SpO

2
 and mortality finding a statistically increased 

risk of mortality (OR 3.8 (2.1–6.9), p < .001) at the highest 
oxygenation (SpO

2
 > 98%) [7]. The lower SpO

2
 group (SpO

2 
< 

96%) showed a slightly increased risk for mortality (OR 1.8 (0.9–
3.4) p=.08) compared to the comparison group (SpO

2
=96-98%), 

but this was not a statistically significant difference. This finding 
of no increased risk of mortality in the lower oxygenation group 
differed from the results of the Akca O, et al. study, and this was 
likely due to the lower oxygenation group not including hypoxic 
range patients (i.e., SpO

2 
< 92%) in Farag E, et al.’s work, and 

only being consisted of patients with a SpO
2
 between 92-96%. 

Based on the findings of this study and the previously discussed 
findings, a target SpO

2
 goal of 94-98% may be reasonable to avoid 

worsening mortality in AIS patients.

Discussion
The findings discussed underscore the critical role of early 
oxygenation management in AIS care. Hypoxemia at admission 
was identified as a significant predictor of mortality, emphasizing 
the need for prompt recognition and intervention to improve 
oxygenation status in stroke patients. Hypoxia induces multiple 
neurophysiological changes that can lead to cellular death if 
not quickly corrected [8]. In AIS, where disruption of blood 
flow also decreases glucose deliver, hypoxia further impairs the 
already diminished capacity for ATP production. The loss of ATP 
production quickly leads electrolyte dysregulation and eventual 
cell death. With regards to CBF, in normocapnic patient’s 
hypoxia leads to a resultant vasodilation and increases CBF. In 
patients where ICP concerns are present this change could lead to 
worsening mass effect; accordingly, hypoxia should be corrected. 
Optimizing oxygenation levels, through supplemental O

2
 therapy 

or other interventions, may mitigate mortality risk and enhance 
patient outcomes. However, overuse of high levels of FiO

2
 may 

lead to worse outcomes due to the deleterious effects of hyperoxia, 
which has been shown to increase free radical levels that inactivate 
nitric oxide thereby resulting in vasoconstriction and a resultant 
decrease in CBF [9]. In patients who are normoxic, prophylactic 
use of supplemental O

2
 has not been shown to improve outcomes, 

and therefore, it is not recommended [10].
Conclusion
Early oxygenation levels in the acute period after neurological 
injury are associated with mortality in AIS patients. Hypoxia and 
hyperoxia within the initial hours following AIS onset are linked 
to adverse outcomes. This association between oxygenation and 
mortality was observed in AIS regardless of the reperfusion status. 
Clinicians should prioritize the assessment and optimization of 
oxygenation status in stroke patients to improve survival and 
reduce morbidity. Future studies should explore the efficacy of 

targeted oxygenation interventions and establish evidence-based 
guidelines for oxygenation management in AIS. Addressing this 
critical aspect of stroke care can potentially enhance patient 
outcomes and reduce the burden of stroke-related mortality.
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