
Oxygen Saturations and Alarm Limits 
Premature infants born at <1000 grams (typically <28 weeks GA) receive respiratory support in the NICU. The 

recommended SpO₂ target range is 90–95% (AAP/most international consensus) or 90–94% (European 

Consensus Guidelines), with alarm limits set at 89% (low) and 95% (high) per the European guidelines. These 

recommendations apply regardless of whether the infant is on invasive or non-invasive respiratory support.  
 

Guideline Recommendations by Society Summary with Supporting Evidence 

Guideline / Society 
SpO₂ 
Target 
Range 

Alarm 
Limits 

Notes References 

AAP (2016 Clinical 
Report) 

90–95% 
Not 
explicitly 
specified 

Stated 90–95% "may be safer" than 85–89%; 
acknowledged ideal target may be individualized by 
GA, chronological age, disease, and transfusion 
status 

[1], [2] 

European Consensus 
Guidelines (2022 
update) 

90–94% 
Low: 89%, 
High: 95% 

Most specific guidance on alarm limits; applies to 
preterm infants on supplemental O₂ 

[1] 

NICE (UK) 91–95% 
Not 
explicitly 
specified 

For preterm infants <32 weeks GA [3] 

Saugstad (2018) 
Expert Commentary 

90–94% 
Low: 89%, 
High: 95% 

Based on NeOProM meta-analysis; from birth to 36 
weeks PCA for infants <28 weeks GA 

[4] 

 

Evidence Base: The NeOProM Collaboration - The recommendations are grounded in five large RCTs (SUPPORT, 

BOOST-II UK/Australia/New Zealand, COT) enrolling 4,965 infants <28 weeks GA, collectively analyzed in the 

NeOProM meta-analysis:[2][5] 

 

Lower target (85–89%) was associated with increased mortality (RR 1.16–1.17) and increased NEC (RR 1.24), but 

reduced severe ROP requiring treatment (RR 0.72–0.74).[4][2][3] 

 

Higher target (91–95%) was associated with lower mortality but higher rates of treated ROP, though importantly 

no difference in blindness was observed between groups.[4][2] 

 

The composite outcome of death or major disability did not differ significantly between groups in the individual 

patient data meta-analysis (RR 1.04, 95% CI 0.98–1.09).[3] 

 

The BOOST-II trials demonstrated this mortality signal most clearly, as shown in the following forest plot 

comparing outcomes between the two target ranges: 
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Figure 3 Combined Discharge Outcomes from the Three Trials, According to Oxygen-Saturation Target and Status of the Oximeter-Calibration Algorithm.  

 

Practical Alarm Setting Considerations 

 

The risk of severe hypoxemia (PaO₂ ≤40 mmHg) becomes marked at SpO₂ ≤85%; the risk of severe hyperoxemia 

(PaO₂ ≥100 mmHg) becomes marked at SpO₂ ≥98% in infants <33 weeks PMA, supporting alarm limits that 

trigger before these extremes are reached.[7] 

 

Maintaining SpO₂ within a narrow target range (e.g., 90–94%) is inherently challenging as the oxyhemoglobin 

dissociation curve nears vertical around 90% SpO₂, meaning small PaO₂ changes produce large SpO₂ swings. [8] 

 

Intermittent hypoxia (SpO₂ <80% for ≥1 minute) and oxygen fluctuations are independent risk factors for ROP, 

emphasizing the importance of minimizing alarm response time and SpO₂ variability.[3] 

 

Automated closed-loop FiO₂ systems have been shown to increase time spent within the target SpO₂ range 

compared with manual adjustment, though long-term outcome data remain limited.[8][9] 

 

Signal averaging pulse oximeter time: longer averaging dampens artifact; may mask brief hypoxic episodes (SpO₂ 

<80%).[9] 

 

Biphasic Targeting (Emerging Concept) - Some retrospective cohort data suggest a biphasic approach, targeting 

lower SpO₂ (e.g., 88–92%) before 30-32 weeks PMA to reduce ROP risk, then increasing the target (e.g., 92-97%) 

after 32 weeks PMA to reduce mortality, may improve both ROP and survival outcomes. No RCTs have validated 

this strategy, and the current standard of care remains a uniform target of 90–95%.[3][10] 
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Use of Histograms 

Oxygen saturation histograms are recommended as a practical, multidisciplinary quality improvement tool (QI) 

for monitoring SpO₂ targeting in preterm infants on respiratory support, though no formal society guideline 

mandates their use. The evidence supporting their adoption comes primarily from QI studies demonstrating that 

periodic histogram review increases time within the target SpO₂ range and is associated with reductions in 

death or severe ROP.[1][2][3] 

 

What Are SpO₂ Histograms?  

SpO₂ histograms are graphical displays generated by bedside patient monitors (or dedicated software tools) that 

show the distribution of SpO₂ values over a defined time period. They quantify the percentage of time an infant 

spends within, above, and below the target SpO₂ range, providing an objective summary that overcomes the 

limitations of spot checks and manual transcription, which are prone to error and observer fatigue.[1][4] 

 

Evidence Supporting Histogram Use:  

Gentle et al. (2020) - In a single-center QI initiative involving 518 infants <29 weeks GA, integration of periodic 

histogram monitoring into multidisciplinary rounds (providers, respiratory therapists, and nurses) increased 

time at goal SpO₂ (90–95%) from 48.7% to 57.6% and was associated with a reduction in the composite 

outcome of death or severe ROP from 32.1% to 18.0%.[2] 

 

Srivatsa et al. (2021) - A retrospective cohort study of 1,532 infants at 23–28 weeks GA across three epochs 

showed that implementation of automated bedside SpO₂ histograms (Epoch 2) and subsequent software 

enhancements incorporating simultaneous SpO₂ and FiO₂ monitoring (Epoch 3) were associated with significant 

reductions in mortality (aOR 0.48), any ROP (aOR 0.38), ROP requiring treatment (aOR 0.43), and BPD (aOR 

0.43) compared with the pre-histogram era.[3] 

 

How Histograms Are Used in Practice: Sur and Paria (2021) reviewed the technology and evidence behind 
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histogram analysis and identified several practical applications:[1] 

 

Periodic review during rounds: Histograms are reviewed at regular intervals (e.g., every 4–8 hours or during 

multidisciplinary rounds) to assess whether the infant is spending adequate time within the target range and to 

identify patterns of hypoxia or hyperoxia that may not be apparent from real-time monitoring alone. 
 

Guiding respiratory support decisions: Histogram data can be incorporated into algorithms for weaning or 

escalating respiratory support, providing more objective criteria than point-of-care observations alone. 
 

Nursing-driven monitoring: With appropriate training, nursing staff can use histogram data to reduce the fatigue 

and error associated with manual recording, enabling more consistent SpO₂ targeting. 

 

Web-Based Oxygenation Dashboards: Poppe et al. (2024) developed a web-based oxygenation dashboard for 

preterm neonates (<32 weeks GA) integrating real-time SpO₂ histograms with FiO₂ data, SpO₂/FiO₂ ratios, and 

area under the curve for hypoxic (<80%) and hyperoxic (>95%) episodes. In 65% of patient evaluations, the level 

of hypoxia was assessed differently when the dashboard was used compared with routine assessment, and 75% 

of clinicians judged the dashboard to provide added value for clinical decision-making.[4] 

 

Context: Time Within Target Range - The challenge of maintaining SpO₂ within a narrow target range is well 

documented. Major RCTs reported that patients spend 9–27% of time with SpO₂ <85% and 11–33% of time with 

SpO₂ >95% even under study conditions.[5] Automated closed-loop FiO₂ systems represent the most "failsafe" 

approach to maintain target compliance, but they are not widely available; histogram monitoring serves as a 

more accessible strategy between manual adjustment alone and full automation.[1][5] 

 

Summary 

 

While no RCTs have been conducted specifically on histogram monitoring as an intervention, the available QI 

evidence consistently supports its use as a low-cost, practical tool that improves SpO₂ target adherence and is 

associated with improved clinical outcomes including reduced ROP and mortality in extremely preterm 

infants.[1][2][3] Histogram review is best implemented as part of a multidisciplinary oxygen management bundle 

that includes standardized SpO₂ targets, alarm limit policies, staff education, and regular audit of achieved 

saturations. 
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