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Abstract

Background: Acute hypoxemic and hypercapnic respiratory failure are among the most
common reasons for ICU admission and need for invasive mechanical ventilation.
Noninvasive respiratory support (NIRS) strategies—including high-flow nasal cannula
(HFNC), noninvasive ventilation (NIV), and continuous positive airway pressure
(CPAP)—may prevent intubation, improve outcomes, and reduce ICU utilization.
However, there is uncertainty regarding optimal patient and modality selection, resulting
in variable implementation. There are no clinical practice guidelines comprehensively
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addressing the use of the different noninvasive respiratory support strategies across the
spectrum of acute respiratory failure.

Objective: To update and develop new evidence-based clinical practice
recommendations informing noninvasive respiratory support use, including HFNC, NIV
and CPAP, in adults with acute respiratory failure.

Methods: A multidisciplinary panel used the GRADE approach to address four PICO
questions related to the use of NIRS for hypoxemic and hypercapnic respiratory failure,
preoxygenation for intubation, and post-extubation respiratory support.
Recommendations were informed by several systematic reviews and network meta-
analyses.

Results: The panel made a strong recommendation for HFNC and a conditional
recommendation for NIV or CPAP for adults with acute hypoxemic respiratory failure
with close monitoring for the need for escalation of respiratory support, based primarily
on effects on need for intubation. For acute hypercapnic respiratory failure, the panel
made a strong recommendation for NIV to reduce mortality and need for invasive
mechanical ventilation, and a conditional recommendation for HFNC only in patients
with less severe hypercapnia and with mild acidemia (e.g. pH > 7.25), provided that
close monitoring and prompt escalation to NIV are available. The panel made a strong
recommendation for HFNC or NIV for preoxygenation prior to endotracheal intubation to
prevent peri-intubation hypoxemia. The panel also issued a risk-based
recommendation, suggesting HFNC for low-risk patients and NIV for high-risk patients
to reduce the need for re-intubation following extubation after critical iliness.

Conclusions: Noninvasive respiratory support strategies are effective in improving
outcomes in a range of clinical scenarios. We provide evidence-based
recommendations, which can be further informed by patient risk, institutional capacity,
and interface tolerance.

Keywords: noninvasive respiratory support, acute hypoxemic respiratory failure, acute
hypercapnic respiratory failure, preoxygenation, post-extubation respiratory failure
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Glossary

NIRS strategy

Standard
oxygen therapy

High flow nasal

cannula

CPAP NIV

Interface or

device used

Cannula,
venturi mask,
NRB

Cannula,
symmetric or

asymmetric

Facemask (total facemask and

oronasal masks) or Helmet

1. Equivalent to non-invasive positive pressure ventilation (NIPPV) or bilevel NIV
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Summary of Recommendations

This guideline provides evidence-based recommendations informing noninvasive
respiratory support (NIRS) use in adults with acute respiratory failure. The panel
addressed four high priority questions regarding standard oxygen, high-flow nasal
cannula (HFNC), continuous positive airway pressure (CPAP), and noninvasive
ventilation (NIV), across the following clinical conditions (Figure 1):

Acute hypoxemic respiratory failure,

Acute hypercapnic respiratory failure,
Preoxygenation during endotracheal intubation, and
Post-extubation respiratory support.

s

Given that NIV or CPAP can be applied with either a facemask or a helmet interface
and due to potential physiological and clinical differences between these interfaces, we
have specified in our recommendations where different interfaces might have different
roles. Of note, these nuances are particularly important in the context of acute
hypoxemic respiratory failure and acute hypercapnic respiratory failure. For the
purposes of this guideline, “facemask” refers to interfaces applied directly to the
patient’s face. These include oronasal masks, which cover the nose and mouth and are
the most commonly used interface in acute respiratory failure, and total face masks,
which cover the entire face. Nasal masks, which cover only the nose, are distinct and
are rarely used in acute respiratory failure. In contrast, “helmet” refers to support
delivered through a transparent hood that encloses the patient’s entire head and seals
at the neck.

We either updated or performed de novo systematic reviews and network meta-
analyses to inform each PICO question. Then, using the GRADE approach, a
multidisciplinary panel used the Evidence-to-Decision (EtD) process to generate
recommendations. Across conditions, NIRS strategies reduced the need for invasive
mechanical ventilation and improved comfort compared with standard oxygen therapy,
with the magnitude of benefit depending on the patient population and clinical context.

Recommendations:
Acute hypoxemic respiratory failure

e We recommend HFNC as compared to standard oxygen therapy for adults
with de novo acute hypoxemic respiratory failure (strong recommendation,
moderate certainty).
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We suggest NIV via facemask or helmet as compared to standard oxygen
therapy for adults with de novo acute hypoxemic respiratory failure (conditional
recommendation, low certainty).

We suggest CPAP via facemask or helmet as compared to standard
oxygen therapy for adults with de novo acute hypoxemic respiratory failure
(conditional recommendation, low certainty).

Acute hypercapnic respiratory failure

We recommend NIV via facemask as compared to standard oxygen therapy
for adults with acute hypercapnic respiratory failure (strong recommendation,
moderate certainty).

We suggest HFNC as an alternative to NIV as compared to standard oxygen
therapy for patients with acute hypercapnic respiratory failure and mild acidemia
(e.g. pH > 7.25) provided that monitoring and escalation to NIV are promptly
available (conditional recommendation, low certainty).

Preoxygenation:

We recommend using HFNC or NIV via facemask as compared to standard
oxygen therapy for preoxygenation in adults with acute respiratory failure
undergoing endotracheal intubation (strong recommendation, moderate
certainty).

We make no recommendation for or against HFNC compared with NIV for
preoxygenation in adults with acute respiratory failure undergoing endotracheal
intubation.

Post-Extubation:

We suggest using HFNC or NIV via facemask as compared to standard
oxygen therapy in patients extubated in the intensive care unit after critical
illness (conditional recommendation, moderate certainty).

We suggest using NIV via facemask as compared to standard oxygen
therapy or HFNC in patients extubated in the intensive care unit after critical
illness at high-risk of extubation failure (e.g., age > 65 years, obesity,
hypercapnia, prolonged mechanical ventilation, or severe illness, among others)
(conditional recommendation, moderate certainty).

Implementation should be tailored to patient risk, disease severity, interface tolerance,
resource availability, and provider familiarity with interface (helmet vs. facemask etc.).
Note that the vast majority of the evidence emanates from resource-rich settings. These
recommendations emphasize early initiation, close monitoring, and timely escalation
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when NIRS fails. Future research should refine patient selection, optimal settings for
each device, monitoring and escalation of patients on NIRS, and combined or
sequential use of HFNC and NIV in certain clinical contexts.
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Introduction

Acute respiratory failure is a leading cause of hospital admissions and need for
intubation and mechanical ventilation (1). Noninvasive respiratory support (NIRS) offers
an alternative to invasive mechanical ventilation (IMV) (2). NIRS strategies include high-
flow nasal cannula (HFNC), noninvasive ventilation (NIV) delivered via facemask or
helmet, and continuous positive airway pressure (CPAP) delivered via facemask or
helmet interfaces. HFNC is defined as the delivery of heated, humidified gas (typically
an oxygen—air mixture with adjustable FiO,) at high flow rates, most commonly via nasal
cannula. However, the comparative effectiveness between these different modalities for
each specific clinical context remains unclear.

Prior guidelines have addressed clinical recommendations regarding the use of NIRS
primarily from the perspective of the device or modality. The European Society of
Intensive Care Medicine (ESICM) (3) and the European Respiratory Society—American
Thoracic Society (ERS-ATS) (4, 5) guidelines provided evidence-based
recommendations for specific interventions, such as CPAP, HFNC or NIV, and for
defined syndromes such as acute respiratory distress syndrome (6). Since the
development of those guidelines, new evidence from randomized controlled trials
(RCTs) has emerged which warrants re-evaluation of existing recommendations and
integration of updated data across conditions and modalities of support.

Accordingly, this American Thoracic Society Clinical Practice Guideline seeks to provide
an evidence-based framework examining NIRS use in adults within the spectrum of
acute respiratory failure, ranging from the prevention of intubation to support provided
following liberation from invasive mechanical ventilation. The guideline is structured
around physiologic categories—acute hypoxemic respiratory failure, acute hypercapnic
respiratory failure, preoxygenation during endotracheal intubation, and post-extubation
support—reflecting the underlying pathophysiology and therapeutic goals rather than
specific disease etiologies. For example, the hypoxemic respiratory failure PICO
encompasses diverse conditions that result in impaired oxygenation, irrespective of the
precipitating diagnosis. Similarly, the hypercapnic respiratory failure PICO includes
studies enrolling patients with ventilatory deficiencies, including but not limited to
chronic obstructive pulmonary disease (COPD) exacerbation. Within each of these
PICO domains, we examined and described the individual underlying conditions
represented in the included trials, and when able, evaluated whether treatment effects
varied across these populations. We summarize and appraise evidence for different
NIRS modalities for each of these domains and highlight key areas where evidence
remains insufficient.
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The intended audience includes clinicians, respiratory therapists, and advanced practice
providers caring for adults with acute respiratory failure in acute care settings.
Ultimately, this guideline aims to improve the safety, consistency, and quality of care
delivered to these patients, while identifying priorities for future research to address
remaining knowledge gaps.

10
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Methods

Guideline Development Committee Composition

Content experts were assembled by the co-chairs of the guideline (BF, NG) to compose
a multidisciplinary guideline panel. This panel included pulmonary and critical care
physicians, emergency medicine clinicians, respiratory therapists, physical and
occupational therapists, methodologists, and patient representatives with lived
experience of acute respiratory failure. Members were selected to ensure diverse
expertise across the domains of NIRS, clinical research and evidence synthesis,
expertise in health systems and implementation, and representatives from low- and
middle-income countries. Methodologic support was provided by experienced
methodologists (BR, TP, CHB, KL) with expertise in Grading of Recommendations,
Assessment, Development, and Evaluation (GRADE) methodology and with prior
involvement in ATS guideline development (7—11). The panel was responsible for
defining the scope, selecting the final PICO questions, interpreting the evidence, and
drafting recommendations. The panel met primarily by video conference, with one in-
person meeting held during the 2025 ATS International Conference. All sessions were
recorded and distributed, allowing members who were unable to attend to review
proceedings and contribute asynchronously.

Conflict of Interest Disclosure and Management

All members completed COI disclosures at initiation and throughout development (12).
Financial and intellectual potential conflicts were reviewed by the ATS Documents
Development and Implementation Committee and managed by the co-chairs; members
with relevant COls abstained from related discussions and votes.

PICO Question Development and Outcome Prioritization

The panel co-chairs proposed several potential topics related to the management of
NIRS. Through iterative discussion and consensus, the panel identified four priority
clinical questions addressing the use of NIRS in adult patients with acute respiratory
failure. Each question was structured using the PICO (Population, Intervention,
Comparator, Outcome) framework (13). The four actionable PICO questions focused on
NIRS strategies for adult patients with 1. Acute hypoxemic respiratory failure; 2. Acute
hypercapnic respiratory failure; 3. Patients requiring preoxygenation during
endotracheal intubation; and 4. Post-extubation NIRS (Figure 1).

Panel members were presented with a list of potential outcomes compiled by the co-
chairs and the methodology team and were invited to propose additional outcomes of

11
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interest, which were subsequently collated. Panelists then rated each outcome based
on its importance for clinical decision-making from a patient’s perspective, using a 1-9
scale (where 1 indicates not important and 9 indicates critically important) (14) . Eight
outcomes were designated as critical to clinical decision-making and were subsequently
prioritized during evidence synthesis and recommendation generation: (1) long-term
mortality (90-day or 6-month), (2) short-term mortality (28-day, ICU, or hospital), (3)
cardiac arrest, (4) need for intubation, (5) long-term disability or increased care needs at
discharge, (6) health-related quality of life at 3 and 6 months, (7) need for
extracorporeal membrane oxygenation (ECMO), and (8) need for reintubation. Patient
comfort and tolerance received a mean rating of 6.55 and were classified as important,
but not critical, outcomes. Recognizing that comfort influences patient adherence to
NIRS, we evaluated and reported comfort in the PICO domains where data were
available and considered it in the Evidence-to-Decision (Etd) discussions.

Literature Search and Study Selection

For each of the PICO questions, we either performed de novo reviews, or updated
previously published systematic reviews and network meta-analyses conducted by
members of this guideline panel (15-17). Each PICO incorporated a comprehensive
electronic search which included Embase, Cochrane CENTRAL, Web of Science, and
Scopus to identify relevant RCTs. We did not place any limits based on language or
publication status. For two of the four PICO questions (acute hypoxemia and post-
extubation respiratory support), we formally updated previously published systematic
reviews and network meta-analyses (15, 17) that had been conducted by members of
this guideline panel. These analyses were updated through comprehensive literature
searches from the last search date of the original reviews, and newly identified studies
underwent duplicate screening, data extraction, and risk-of-bias assessment consistent
with the methods applied in the original analyses. For the other PICO questions (acute
hypercapnia and preoxygenation), we conducted new systematic reviews and evidence
synthesis to support this guideline effort (16). For all systematic reviews (either updated
or de novo), two independent reviewers screened all citations in two stages (titles,
abstracts, and then full texts) in duplicate using Covidence software (Melbourne,
Australia). Similarly, we assessed individual study’s risk of bias independently and in
duplicate using the modified Cochrane risk of bias tool (18, 19). Because blinding of
patients and clinicians is generally not feasible in trials evaluating NIRS strategies, this
limitation was considered in the GRADE risk-of-bias assessments and may influence
the interpretation of some outcomes, in particular for endotracheal intubation.

Specific search terms, inclusion/exclusion criteria, and further evidence synthesis
details are provided within each PICO section of this document. Of note, several
relevant trials were published following completion of the evidence synthesis and EtD
processes for this guideline, including the RENOVATE trial (20) and the SOHO trial

12
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(21). Although these studies represent important contributions to the field of NIRS, the
panel felt confident that inclusion of these trials would not lead to meaningful changes in
pooled estimates, conclusions, or recommendations. For transparency, and
comprehensiveness, these studies are discussed in the relevant PICO sections.

Evidence Synthesis Approach

We extracted data from included studies (again for both updated and de novo reviews)
using standardized case report forms. We performed frequentist random-effects
network meta-analysis using R (netmeta package) for each of the four PICO questions,
with treatment effects expressed as relative risk ratios (RRs) for dichotomous outcomes
and mean differences (MD) for continuous outcomes, each with 95% confidence
intervals (Cls) (22). When feasible, the network meta-analyses for each PICO
comprised six distinct treatment nodes: standard oxygen therapy, HFNC, facemask NIV,
helmet NIV, helmet CPAP, and facemask CPAP. For ease of presentation, given the
sparsity of data for some networks, we present some analyses by collapsing the
interface through which NIV or CPAP was delivered (helmet or facemask). We rated
the certainty of evidence for each comparison and outcome using the GRADE
approach. We categorized certainty as high, moderate, low, or very low. For each PICO
question, we generated summary-of-findings tables and network diagrams illustrating
treatment effects, and certainty of evidence.

For each of the four PICO questions, the panel prospectively identified key subgroups
based on biological plausibility, prior evidence, and anticipated sources of heterogeneity
(e.g., patient risk profile, setting where interventions were deployed, and underlying
etiology of respiratory failure). These subgroups were evaluated within each
corresponding network meta-analysis. The credibility of observed subgroup effects was
assessed using the ICEMAN (Instrument to assess the Credibility of Effect Modification
Analyses) framework, which incorporates both statistical tests and a structured
appraisal of clinical plausibility and consistency (23).

Recommendation Formulation Process

We developed recommendations using the GRADE EtD framework, which
systematically considers the balance of desirable and undesirable effects, the certainty
of evidence, patient values and preferences, and factors related to resource use,
feasibility, equity, and acceptability (24). Panel discussions were iterative and evidence-
based, and draft recommendations were refined through structured consensus. All EtD
meetings were held via video conference, and recordings were shared with the full
panel so that members who could not attend could review discussions and provide input
asynchronously. Each recommendation was classified as strong or conditional based on
the overall balance of these considerations, and we used GRADE approved language to
frame recommendations.

13
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In alignment with the GRADE methodology, the panel had planned to hold formal votes
if consensus could not be achieved through discussion. Ultimately, this was
unnecessary, as all recommendations were agreed upon through iterative deliberation.

Manuscript Preparation

We prepared the manuscript in accordance with ATS procedures outlined in the ATS
Handbook for Guideline Development and established standards for trustworthy
guideline development from Institute of Medicine (25). The co-chairs prepared the
guideline manuscript, synthesizing the evidence summaries and panel deliberations into
an integrated draft. All panel members reviewed the document, and their feedback was
incorporated through multiple iterative revisions. In addition, the co-chairs held a
dedicated meeting with the patient representative to review the recommendations,
ensuring that patient perspectives were accurately reflected and integrated into the final
guideline. All recommendations and supporting materials were reviewed by the ATS
Documents Development and Implementation Committee (DDIC) and approved by the
ATS Board of Directors before publication.

14
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PICO 1: Acute Hypoxemic Respiratory Failure

Question 1: Should we use HFNC, NIV (via helmet or facemask) or CPAP (via helmet or
facemask) versus standard oxygen therapy for patients with de novo acute hypoxemic
respiratory failure?

Recommendations

e We recommend HFNC as compared to standard oxygen therapy for adults
with de novo acute hypoxemic respiratory failure (strong recommendation,
moderate certainty) (Figure 2).

e We suggest NIV via facemask or helmet as compared to standard oxygen
therapy for adults with de novo acute hypoxemic respiratory failure (conditional
recommendation, low certainty).

e We suggest CPAP via facemask or helmet as compared to standard
oxygen therapy for adults with de novo acute hypoxemic respiratory failure
(conditional recommendation, low certainty).

We make no recommendation for or against HFNC or CPAP compared with NIV for
adults with de novo acute hypoxemic respiratory failure; selection between these
modalities should be based on patient characteristics, operator expertise, and local
resources.

Background

Acute hypoxemic respiratory failure is a leading cause of admission to intensive care
units and is associated with high morbidity and mortality (1). Standard oxygen therapy is
often insufficient to correct severe hypoxemia and decrease work of breathing, and
many patients require escalation to IMV. Over the past two decades, a range of NIRS
strategies - including HFNC, NIV (via a helmet or facemask interface) and CPAP (also
via a helmet or facemask interface) have been increasingly used as strategies to
improve gas exchange, reduce work of breathing, and decrease the risk of intubation

(2).

These modalities differ from standard oxygen therapy in their ability to deliver higher
and more reliable inspired oxygen fractions, provide varying degrees of positive airway
pressure, and improve comfort. HFNC delivers heated and humidified oxygen at flow
rates up to 60 L/min or higher, which reduces anatomical dead space and generates
low levels of positive end-expiratory pressure (26). NIV applies positive pressure via a

15
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sealed interface (facemask or helmet), improving alveolar recruitment and unloading
respiratory muscles but at the expense of greater complexity and potential intolerance.
Previous guidelines have suggested possible benefit of NIRS strategies for selected
patients with acute hypoxemic respiratory failure; however, since those publications,
new RCTs and several large network meta-analyses have provided updated evidence
summaries (15).

Evidence Summary

We included 39 RCTs (n=2913 patients) examining NIRS strategies in patients with de-
novo acute hypoxemic respiratory failure (27-66), including some studies of COVID-19
related acute hypoxemic respiratory failure (27, 29, 30, 32—41, 43—46, 48-54, 5661,
63—73). Among the 39 randomized trials included: 17 evaluated facemask NIV, 8
evaluated facemask CPAP, 5 evaluated helmet NIV, 2 evaluated helmet CPAP, and 15
evaluated HFNC. Pooled analysis demonstrated that HFNC (RR 0.81, 95% CI 0.67 to
0.97; low certainty) may reduce mortality compared with standard oxygen therapy,
whereas helmet NIV (RR 0.72, 95% CI1 0.48 to 1.07; very low certainty), facemask NIV
(RR 0.93, 95% CI1 0.75 to 1.14; very low certainty), helmet CPAP (RR 0.76, 95% CI 0.51
to 1.12; low certainty), and facemask CPAP (RR 1.01, 95% CI1 0.73 to 1.40; low
certainty) had uncertain effects on mortality compared with standard oxygen therapy.
(29, 30, 3441, 43-46, 48-51, 53, 54, 5661, 63—65). Finally, HFNC had an uncertain
effect on mortality compared to facemask NIV (RR 0.84, 95% CI 0.69 to 1.02, very low
certainty)

For intubation, HFNC (RR 0.76, 95% CI 0.64 to 0.89; moderate certainty), helmet CPAP
(RR 0.53, 95% CI 0.35 to 0.79; moderate certainty), and helmet NIV (RR 0.22, 95% CI
0.11 to 0.43; moderate certainty) probably reduce the need for intubation, whereas
facemask NIV (RR 0.79, 95% CI 0.67 to 0.93; low certainty) and facemask CPAP (RR
0.77, 95% CI1 0.59 to 1.01; low certainty) may reduce the risk of intubation compared
with standard oxygen therapy (27, 29, 30, 33-41, 4346, 48-52, 54, 56-60, 63—-65, 73).
Patient comfort may be highest with HFNC compared to standard oxygen therapy (MD
+1.3 points on a 10-point scale, 95% CI -0.64 to 3.5; low certainty) (27, 29, 32, 34, 35,
38, 39, 51, 60, 69, 72). Comfort differences for helmet and facemask NIV were small
and variable, reflecting challenges with titrating appropriate ventilator settings, interface
tolerance, skin injury, or noise. Evidence for other outcomes, including cardiac arrest,
length of stay, and duration of noninvasive support, was of mostly very low certainty and
did not demonstrate important between-group differences. We examined a number of
pre-defined subgroups, which failed to demonstrate credible subgroup effects, including
baseline severity of hypoxemia, disease etiology (COVID-19, pneumonia, or mixed),
immune status, and clinical setting (ICU vs non-ICU).
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Of note, the RENOVATE (20) and SOHO (21) trials were published after completion of
the evidence synthesis and EtD) processes for this guideline. RENOVATE is directly
relevant to PICO questions 1 and 2, whereas SOHO is relevant to PICO question 1.
After review, the panel felt confident that inclusion of the RENOVATE trial to the pooled
results would not lead to tangible changes to the pooled estimates, conclusions, or
recommendations. More recently, the SOHO trial represents an important contribution
to the field of noninvasive respiratory support and demonstrated that HFNC reduced the
risk of endotracheal intubation without a clear signal of mortality benefit, in keeping with
our evidence synthesis findings.

Justification and Implementation Considerations

The panel determined that the desirable effects of HFNC clearly outweighed the
undesirable effects compared with standard oxygen therapy. HFNC reduces the need
for intubation with minimal harms. HFNC is easy to implement, well tolerated, and
enables patient communication, oral nutrition, and secretion clearance while maintaining
comfort. For these reasons and given the consistency of benefit across RCTs and
settings, the panel issued a strong recommendation for the use of HFNC as the first-line
noninvasive oxygenation strategy in adults with de-novo acute hypoxemic respiratory
failure of any etiology. However, the panel emphasized that this strong recommendation
applies to HFNC compared with standard oxygen therapy. Evidence comparing HFNC
and NIV remains limited and of low certainty, and therefore no recommendation was
made for this comparison. Selection between HFNC and NIV should be individualized
based on patient characteristics, clinician expertise, and institutional resources.

The undesirable effects associated with HFNC were considered trivial or small.
Increased oxygen consumption from the oxygen delivery system and occasional
prolongation of therapy duration were the main concerns. Interruptions in electrical
power in settings without a reliable electricity supply or uninterruptible backup systems
may limit the use of NIRS outside the ICU. These disadvantages were offset by the
reduction in intubation rates and the potential for shorter ICU stays. During the COVID-
19 pandemic, the scalability of HFNC, relative ease of use, and minimal staff burden
further supported its widespread adoption. However, data directly comparing the
environmental impact, including carbon footprint, of HFNC versus NIV or IMV are
limited, and these considerations were weighed alongside clinical benefits during the
panel’s deliberations.

In contrast, facemask and helmet NIV were judged to offer smaller or more uncertain
net benefit. These modalities may reduce the need for intubation and may decrease
mortality, but they can cause more discomfort and require specialized expertise to
prevent complications or delayed intubation. Facemask NIV can cause patient
discomfort, air leaks, and skin injury, while helmet NIV requires specific interfaces and
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institutional familiarity that may not be readily available outside selected centers. The
use of helmet NIV varies substantially across regions and practice settings, reflecting
differences in availability, regulatory approval, device familiarity, and local experience.
In addition, multiple helmet designs exist, and performance characteristics—including
seal integrity, pressurization capability, noise, and comfort—may differ between
devices. These factors should be considered when interpreting trial results and when
implementing helmet NIV in clinical practice.

In some patients, NIRS may fail to adequately reduce inspiratory effort, resulting in
persistently high transpulmonary pressures and tidal volumes that may increase the risk
of lung injury and contribute to treatment failure. This concern has been most
extensively described in the context of NIV, particularly when high inspiratory effort
combined with positive pressure leads to larger tidal volumes. While similar physiologic
considerations may apply to HFNC in patients with persistently elevated respiratory
drive, clinical evidence supporting this risk is limited (74). In addition, NIRS may have
important implications for other aspects of care, including impaired oral intake and
speech, delayed mobilization, patient discomfort, and potential delays in escalation to
invasive mechanical ventilation. These considerations highlight the importance of close
monitoring, timely reassessment of treatment response, and readiness to escalate
support when clinically indicated. These modalities may be appropriate for selected
patients or when applied in centers with sufficient expertise and staffing. Given these
considerations, the panel provided a conditional recommendation for the use of
facemask or helmet NIV over standard oxygen therapy.

Implementation of all NIRS requires attention to monitoring and setting. Patients
initiated on HFNC should be closely observed for non-improving or worsening gas
exchange, persistent tachypnea, or signs of respiratory muscle fatigue (75). Those
requiring high flows or FiO, should ideally be managed in a unit capable of close
supervision. For any NIRS modality, continuous monitoring is essential to detect early
signs of treatment failure. Institutions should establish protocols defining criteria for
intubation, escalation pathways, and staff training.

Resource considerations vary across health systems. HFNC requires adequate oxygen
infrastructure and disposable interfaces, which may pose challenges in resource-limited
settings (76). During periods of high demand, such as the COVID-19 pandemic, oxygen
supply constraints can limit widespread use. Nevertheless, economic analyses suggest
that HFNC is cost-effective when the reduction in intubation and ICU stay are
considered (77). Helmet NIV, though associated with higher upfront equipment costs
and training requirements, may reduce resource utilization in centers with established
expertise.
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Uncertainties and Research Priorities

Several important uncertainties persist regarding the optimal use of noninvasive
oxygenation for acute hypoxemic respiratory failure. First, further evidence is needed to
determine which patient populations derive the greatest benefit from each strategy.
Subgroup analyses to date have not identified consistent effect modifiers, but larger,
harmonized datasets could clarify whether specific phenotypes—such as patients with
moderate versus severe hypoxemia, high inspiratory effort, inflammatory status, or
differing etiologies—respond differently to these interventions (78).

Second, the comparative effectiveness of HFNC versus NIV remains unresolved, as
most RCTs have compared each modality separately with standard oxygen therapy.
While direct head-to-head RCTs are required to determine whether one approach
should be preferred for patient subsets or stages of disease, the comparative
effectiveness studies will also be complicated by the experience, biases, and culture of
included institutions and regions.

Third, physiologic concerns regarding patient-self-inflicted lung injury during
spontaneous breathing under noninvasive support remain inadequately addressed(79).
Future RCTs could integrate physiologic and biologic monitoring—such as assessment
of inspiratory effort, drive, or inflammatory state—to identify thresholds for safe
application and timely transition to invasive ventilation.

Fourth, long-term outcomes, including post-ICU functional recovery, quality of life, and
neurocognitive sequelae, have not been well studied. The impact of these interventions
on healthcare resource utilization beyond the ICU—such as rehabilitation needs or
readmissions—also warrants investigation.

Fifth, research in broader settings, including low- and middle-income countries, is
necessary to determine generalizability, cost-effectiveness, and feasibility (80).

Finally, the role of helmet NIV deserves focused evaluation. Although some studies and
meta-analyses suggest favorable effects on oxygenation and intubation, effect
estimates vary across trials, and much of the early evidence comes from single-center
studies conducted in experienced centers. More recent multicenter trials have not
consistently demonstrated superiority of helmet over other noninvasive strategies (66).
Additional adequately powered, pragmatic trials are needed to confirm reproducibility
and clarify which patient populations may derive the greatest benefit.
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PICO 2: Acute Hypercapnic Respiratory Failure

Question 2: In adult patients with acute hypercapnic respiratory failure, should we use
standard oxygen therapy, HFNC, NIV (via facemask or helmet) or CPAP (via facemask
or helmet)?

Recommendations

e We recommend NIV via facemask as compared to standard oxygen therapy
for adults with acute hypercapnic respiratory failure (strong recommendation,
moderate certainty) (Figure 3).

We suggest HFNC as an alternative to NIV as compared to standard oxygen
therapy for patients with acute hypercapnic respiratory failure and mild acidemia
(e.g. pH > 7.25) provided that monitoring and escalation to NIV are promptly
available (conditional recommendation, low certainty).

Background

Acute or acute on chronic respiratory failure occurs in the presence of ventilatory failure
— when the respiratory system is unable to meet ventilatory demand and maintain
adequate carbon dioxide clearance — resulting in respiratory acidosis (81, 82) This
imbalance may reflect reduced effective alveolar ventilation, increased physiologic dead
space, airflow limitation, dynamic hyperinflation, altered respiratory drive, and
ventilation-perfusion abnormalities, which together increase the work of breathing and
promote respiratory muscle fatigue. If untreated, this process may lead to progressive
ventilatory failure. COPD exacerbations are the most common cause of hypercapnic
respiratory failure; however, this can also occur in the context of asthma, cardiogenic
pulmonary edema, obesity-related hypoventilation, drug-induced hypoventilation, or
neuromuscular disorders that impair ventilatory mechanics.

NIV reduces inspiratory effort, improves alveolar ventilation, and corrects acidosis
without endotracheal intubation (83) Randomized controlled trials and previous ATS
guidelines have established NIV as the standard of care for COPD exacerbations with
acidosis, demonstrating reductions in intubation rates and mortality compared with
standard oxygen therapy (4, 84). HFNC can provide heated, humidified gas at high
flows, which has been shown to reduce anatomical dead space, provide mild increases
in positive pressure, lower respiratory rate and work of breathing per minute, improve
ciliary function and secretion clearance, and improve patient comfort (85). Recent RCTs
have suggested that in certain populations with mild to moderate hypercapnia, HFNC
may achieve outcomes comparable to NIV. HFNC may also be used between NIV
sessions instead of standard oxygen therapy.
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Evidence Summary

We included 43 RCTs (n=5354 patients) evaluating NIRS strategies in patients with
hypercapnic respiratory failure (82, 86—124). Most trials enrolled patients with
hypercapnic respiratory failure due to COPD (33 RCTs) (82, 86, 88, 92—100, 102-105,
107, 109, 111, 113, 115-119, 121-124), with six in acute cardiogenic pulmonary edema
(ACPE) (90, 91, 101, 110, 112) and four with mixed etiologies (87, 106, 114).
Participants had moderate hypercapnia (median pH 7.31, mean PaCO, 65 £ 12 mm
Hg), a mean age of 71 years, and 38% were women. Studies were conducted across
diverse settings—11 in wards, 10 in emergency departments, 10 in ICUs, 6 in mixed
settings, and 6 trials did not report the setting. The network included 23 RCTs
comparing NIV with standard oxygen therapy, 12 comparing NIV with HFNC, 3
comparing NIV with CPAP, 3 comparing HFNC with standard oxygen therapy, 1
comparing CPAP with standard oxygen therapy, and 1 comparing helmet versus
facemask NIV. Given limited evidence, analyses did not distinguish between helmet
versus facemask NIV and the panel only made recommendations on NIV via facemask
for this PICO question. Of note, the majority of the HFNC studies were conducted in
patient with mild hypercapnia and the majority of the CPAP studies are older and
included mixed populations or predominantly patients with acute cardiogenic pulmonary
edema.

Pooled analysis demonstrates that HFNC reduces hospital mortality (RR 0.39, 95% CI
0.17 to 0.87; high certainty) while NIV (RR 0.47, 95% CI 0.34 to 0.65; moderate
certainty) and CPAP (RR 0.33, 95% CI 0.12 to 0.94; moderate-certainty) probably
reduce mortality compared to standard oxygen therapy. The effect of NIV versus HFNC
on mortality was uncertain (RR 1.21, 95% CI 0.56 to 2.60; very low certainty). NIV (RR
0.43, 95% CI1 0.32 to 0.56; moderate certainty), CPAP (RR 0.38, 95% CI1 0.17 t00.88;
moderate certainty), and HFNC (RR 0.38, 95% CI 0.24 to 0.59; moderate certainty)
probably decrease the need for intubation compared to standard oxygen therapy. The
relative effect on intubation between NIV and HFNC was uncertain (RR 1.14, 95% CI
0.77 101.68; very low certainty).

Compared with standard oxygen therapy, NIV (MD 1.47 days fewer, 95% CI 0.24 to
2.70 days fewer; moderate certainty) and HFNC (MD 1.83 days fewer, 95% CI 0.04 to
3.63 days fewer; moderate certainty) probably shorten hospital length of stay while
CPAP may have little or no effect on hospital length of stay (MD 0.03 days more, 95%
Cl 3.33 days fewer to 3.39 days more; low certainty). However, notably, while this
pooled analysis was across severities of hypercapnia and acidemia, the maijority of the
trials with HFNC were conducted only in patients with mild hypercapnia and without
significant acidemia. All three modalities may improve gas exchange compared with
standard oxygen therapy, reducing PaCO, by - 3.26 mm Hg (95% CI -5.55 to —-0.97) for
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NIV, =5.25 mm Hg (95% CI —10.69 to 0.19) for CPAP, and —3.31 mm Hg (95% CI| —6.37
to —0.24) for HFNC (all low certainty). NIV (RR 7.26, 95% CI 2.50 to 21.08; moderate
certainty) and HFNC (RR 3.47, 95% CI1 0.84 to14.31; moderate certainty) probably
improve treatment tolerance, whereas CPAP may improve tolerance (RR 4.78, 95% CI
1.50 t015.23; low certainty), compared to standard oxygen therapy.

Evidence regarding serious adverse events—including cardiac arrest, aspiration, or
interface-related complications—was limited and of very low certainty. No signal
indicated excess harm with any modality. The panel prospectively identified four
subgroups for consideration: (1) location of care (emergency department, hospital ward,
step-down unit, or ICU); (2) underlying etiology (COPD vs. non-COPD); (3) asthma; and
(4) severity of hypercapnia. There were no credible subgroup effects.

Justification and Implementation Considerations

Moderate certainty evidence demonstrates consistent reductions in mortality and
intubation with NIV compared with standard oxygen therapy. In this group, NIV corrects
acidosis, decreases work of breathing, and improves survival, reflecting both
physiologic advantages and extensive clinical experience. Evidence supporting HFNC
or CPAP in severe hypercapnia is indirect and of low certainty. Accordingly, the panel
reaffirmed a strong recommendation for early NIV initiation in all patients with
hypercapnic respiratory failure.

For patients with mild hypercapnia or acidemia (pH = 7.25), evidence suggests that both
NIV and HFNC probably reduce mortality and the need for intubation to a similar extent.
Although HFENC is often perceived as more comfortable, pooled analyses did not
confirm a meaningful difference, and the ventilatory unloading achieved with NIV may
itself improve comfort and dyspnea. An additional consideration is the underlying
mechanism of hypercapnic respiratory failure. In settings where hypercapnia is
potentially rapidly reversible (e.g., COPD exacerbations or transient opioid-related
hypoventilation), noninvasive strategies such as HFNC may be more appropriate. In
contrast, when the mechanism of hypercapnia is not rapidly reversible (e.g. obesity
hypoventilation or neuromuscular disease), these approaches may be less effective.
Accordingly, application of this recommendation should be guided by the etiologies
represented in the trials informing the evidence base.

Notably, while ACPE was represented in the included trials within the hypercapnic
respiratory failure domain, it was not evaluated as a standalone clinical entity with a
dedicated PICO question. The physiology and optimal noninvasive strategy for acute
cardiogenic pulmonary edema — particularly the well-established and distinct role of
CPAP in this population — may differ substantially from other causes of hypercapnic
respiratory failure. Clinicians should interpret these recommendations in the context of
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the predominant trial populations (primarily COPD exacerbation) and exercise
independent clinical judgment when applying these recommendations to patients with
ACPE.

The trials evaluating CPAP in acute hypercapnic respiratory failure are largely older
studies with methodological limitations, often enrolling heterogeneous patient
populations. These limitations reduce confidence in the applicability of their findings to
current practice. CPAP is also not commonly used in current practice for hypercapnic
respiratory failure, particularly in patients with COPD exacerbation. Given these
limitations, the panel decided not to make a recommendation for or against CPAP.

The panel recognized that most HFNC studies enrolled patients with mild to moderate
disease severity, and often permitted crossover to NIV, potentially biasing results
toward an apparent benefit. Therefore, the panel interpreted findings according to
disease severity and with a note for escalation to NIV as needed. In this specific
population, HFNC and NIV showed similar desirable effects, whereas in patients with
more severe acidosis, NIV remains the preferred first-line therapy, reflecting both its
physiological advantages and higher-certainty supporting evidence. Study heterogeneity
across emergency departments, wards, and ICUs, as well as limited representation of
specific subgroups such as cardiogenic pulmonary edema or obesity hypoventilation,
further reduced confidence in generalizability. Across studies, one-third of patients
initially treated with HFNC required escalation to NIV, underscoring the need for close
monitoring and predefined escalation criteria.

Optimal HFNC parameters for hypercapnic failure remain uncertain. Flow rates in the
range of 30—40 L/min have been suggested based on physiologic rationale and limited
clinical data; however, robust comparative evidence is lacking (85). The potential impact
of higher flow rates on dynamic hyperinflation, CO, retention, or patient effort remains
incompletely understood. Accordingly, flow should be individualized based on clinical
response, and further studies are needed to define optimal HFNC dosing strategies in
hypercapnic respiratory failure (125). Accordingly, the panel discussions highlighted the
importance of also paying attention to the flows employed during HFNC therapy, since
this might prove clinically relevant.

Implementation should reflect expertise, infrastructure, and patient acuity. NIV requires
trained staff, patient coaching, continuous monitoring, and is best delivered in ICUs or
intermediate-care units where rapid intubation can be performed if needed. HFNC is
now increasingly used in emergency and ward settings. The panel highlighted that
patients with acute hypercapnia receiving HFNC therapy still necessitate strict vigilant
observation, clear escalation pathways, and ready availability of NIV. Resource
considerations may influence feasibility. NIV can be implemented using reusable
ventilators and typically single-patient-use interfaces; in some resource-constrained
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settings, certain components may be reused according to local infection prevention
policies and availability. In contrast, HFNC depends on disposable circuits, which may
constrain its use in low-resource environments.

Uncertainties and Research Priorities

Comparative studies directly evaluating HFNC and NIV in patients with more severe
hypercapnia (pH < 7.25) are needed, as existing RCTs have primarily enrolled patients
with moderate acidosis, leaving uncertainty about the safety and effectiveness of HFNC
in more severe disease. Future studies should also evaluate protocolized escalation
from HFENC to NIV and its effects on outcomes and resource use. Most existing HFNC
RCTs allowed crossover to NIV, which may have influenced apparent effectiveness and
made it difficult to isolate the true effect of each therapy, and might reflect the benefit of
combined therapy.

Further investigation is needed to determine the influence of interface design on clinical
outcomes, including studies comparing helmet and facemask NIV in hypercapnic
respiratory failure, as well as emerging interface technologies such as asymmetrical
high-flow cannulas. These studies should assess not only gas exchange and treatment
success but also adverse events, which could not be adequately evaluated with the
available evidence and warrant further investigation. Research should also clarify the
role of NIV and HFNC in hypercapnia from non-COPD etiologies, including obesity
hypoventilation, opioid toxicity, neuromuscular disease, and cardiogenic pulmonary
edema, as these populations are underrepresented in current evidence.

Finally, the panel highlighted the need for physiologic and implementation research to
define optimal HFNC settings in hypercapnia, including appropriate flow ranges, FiO,
titration, and cannula design. Future research should also evaluate the feasibility,
oxygen consumption, and sustainability of these interventions in resource-limited and
low- and middle-income settings, where access to high oxygen flow, uninterrupted
power supply in non-ICU wards, clean water, and disposables may be constrained.
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PICO 3: Preoxygenation during Endotracheal
Intubation

Question 3: In adult patients who are undergoing endotracheal intubation, should we
use HFNC, NIV, or standard oxygen therapy to improve outcomes during the
procedure?

Recommendations

e We recommend using HFNC or NIV via facemask as compared to standard
oxygen therapy for preoxygenation in adults with acute respiratory failure
undergoing endotracheal intubation (strong recommendation, moderate certainty)
(Figure 4).

e We make no recommendation for or against HFNC compared with NIV for
preoxygenation in adults with acute respiratory failure undergoing endotracheal
intubation.

Background

Endotracheal intubation is a high-risk procedure associated with high rates of
complications including severe hypoxemia, cardiac arrest, and mortality (126) . The goal
of preoxygenation is to boost the oxygenation reserve, which increases the safe apnea
time, while the patient is undergoing intubation and thereby reduce hypoxemia and
other adverse events (127, 128). Traditional preoxygenation strategies, such as
facemask or bag-valve-mask oxygenation, may be insufficient to maintain oxygenation
in acutely ill patients with hypoxemia, which has led to several RCTs exploring alternate
preoxygenation strategies for patients with respiratory failure requiring intubation.

While numerous RCTs have compared NIV or HFNC individually with standard oxygen
therapy, few have directly evaluated these modalities compared to each other or in
combination. Following the recent publication of the PREOXI RCT (134), the panel
prioritized this PICO question to update clinical guidance on peri-intubation oxygenation.

Evidence Summary

We included 15 RCTs (n=3,420) examining noninvasive respiratory strategies in
patients undergoing intubation (129-143). The network compared three primary
oxygenation strategies used for preoxygenation immediately before intubation: NIV
(predominantly bilevel positive-pressure ventilation via facemask), HFNC, and standard
oxygen therapy. Facemask, bag-valve-mask, and non-rebreather oxygenation were
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grouped under standard oxygen therapy due to physiological and pragmatic
equivalence. Seven RCTs compared HFNC with standard oxygen therapy, four
compared NIV with standard oxygen therapy, two compared NIV directly with HFNC,
and one evaluated a combined NIV + HFNC strategy versus either modality alone. Most
studies enrolled critically ill adults requiring endotracheal intubation in the ICU or
emergency department, with three additional trials in surgical populations (two
emergency and one elective). The median age across studies ranged from 40 to 78
years; 40% of participants were women, and the mean body mass index (BMI) ranged
between 23 and 30 kg/m2. Approximately one-quarter of patients had chronic lung
disease.

Pooled analysis demonstrated that NIV (RR 0.51, 95% CI 0.39 to 0.65; high certainty)
and HFNC (RR 0.69, 95% CI 0.54 to 0.88; high certainty) decreased the risk of peri-
intubation hypoxemia compared to standard oxygen therapy. When compared head-to-
head, NIV probably reduced hypoxemia compared to HFNC (RR 0.73, 95% CI1 0.55 to
0.98; moderate certainty). There was little to no effect on mortality when comparing NIV
(RR 0.94; 95% CI 0.83 to 1.08, low certainty) or HFNC (RR 0.86; 95% CI1 0.73 to 1.01,
low-certainty) to standard oxygen therapy. There was an uncertain effect regarding first-
pass intubation success comparing between modalities (all very low certainty). Serious
adverse events—including aspiration, cardiac arrest, and hemodynamic instability—
were probably less frequent with NIV compared to standard oxygen therapy (RR 0.30,
95% C1 0.12 to 0.77; moderate certainty), whereas HFNC may have little or no effect on
adverse effects compared with standard oxygen therapy (RR 0.95, 95% CI 0.60 to 1.51;
low certainty).

The panel prospectively identified patients who received neuromuscular blockade
versus those that did not during intubation as a key subgroup. This subgroup was
chosen because differences in apnea duration, airway control, and oxygen consumption
between paralyzed and non-paralyzed patients could influence the effectiveness of
preoxygenation strategies. No credible subgroup effects were observed comparing
paralyzed versus not paralyzed patients on peri-intubation hypoxemia.

Justification and Implementation Considerations

Peri-intubation hypoxemia is a common and clinically important event in critically ill
adults, given its association with cardiac arrest and hemodynamic instability. The
consistent reduction in hypoxemia across studies using either NIV or HFNC was
therefore judged to be a meaningful and desirable effect, even in the absence of
mortality or first-pass success benefits.

The relative effects of NIV and HFNC are uncertain. The PREOXI trial compared NIV
with standard oxygen/bag mask ventilation for preoxygenation of patients undergoing

26

920z 1snbny | uo 1sanb Aq $GG1z/8/z0shewee/woadile/ca0 L 01 /10p/a]01B-90UBAPER/WOIdI[e/W O dNo-olWapede//:sdiy woiy papeojumoq



endotracheal intubation. Despite this being the largest study to date; its exclusion of
patients already receiving NIV and its reassignment of patients on HFNC to other
modalities is not aligned with real-world ICU practice, in particular where HFNC is
widely used in patients with acute hypoxemic respiratory failure and keeping this device
in place once the decision to intubate is made might be pragmatic.

The panel also discussed emerging combined or sequential strategies (e.g., NIV for
preoxygenation followed by continued HFNC during laryngoscopy). Such approaches
may theoretically optimize alveolar recruitment and prolong apneic oxygenation, though
their efficacy remains uncertain and warrants further investigation.

Implementation feasibility was a central consideration. Both NIV and HFNC require
specialized equipment, adequate oxygen supply, and trained personnel capable of rapid
setup and monitoring. These requirements can pose challenges during emergent or
time-sensitive intubations, particularly in resource-limited environments. Importantly,
initiation of NIV or HFNC should not delay necessary or emergent endotracheal
intubation. In patients with impending respiratory arrest, severe hemodynamic
instability, or inability to protect the airway, prompt intubation remains the priority.
Noninvasive preoxygenation strategies are most appropriate when there is sufficient
time and clinical stability to allow safe application without compromising timely airway
management. NIV necessitates appropriate mask fitting and pressure titration, while
HFNC relies on high-flow oxygen infrastructure and heated humidification. Because
most trials were conducted in high-resource centers, the applicability of findings to low-
and middle-income or rural settings remains uncertain.

Both modalities incur moderate costs, which varies by institution—HFNC may be less
expensive where infrastructure is already installed; NIV may require greater initial
investment in equipment and interfaces. In facilities equipped with current-generation
ICU ventilators capable of delivering IMV, NIV, and HFNC on the same platform,
implementation may be simplified, as clinicians can transition directly between
modalities without changing devices. However, this capability may not be available in all
settings, particularly in institutions using older ventilator systems or with limited
infrastructure.

Equity and access were additional concerns. Broad recommendation of noninvasive
oxygenation could widen disparities if access to devices, oxygen supply, or trained staff
is uneven. Successful implementation will depend on adapting protocols to local
context, ensuring adequate staff training, and planning infrastructure to support safe
and equitable use.
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Uncertainties and Research Priorities

The existing evidence comparing NIV and HFNC is predominantly indirect, and there is
a need for large, adequately powered randomized trials directly comparing NIV and
HFNC in patients undergoing intubation for acute respiratory failure. Future trials should
account for variation in pre-intubation care, including patients who proceed directly to
intubation after failure of NIRS without additional preoxygenation strategies, to better
reflect real-world practice across different healthcare settings.

Further investigation is warranted examining combination and sequential approaches,
such as NIV for preoxygenation followed by HFNC for apneic oxygenation during
laryngoscopy, which may optimize both recruitment and continuous oxygen delivery.
Studies should also assess the effect of these strategies on patient-important outcomes,
including peri-intubation cardiac arrest and long-term neurological sequelae. We also
need to standardize definitions of hypoxemia in the peri-intubation setting and more
granular data about adverse events, including aspiration and cardiac arrest.

Additional research is needed to evaluate the implementation and cost-effectiveness of
HFNC and NIV across diverse clinical environments, particularly in low- and middle-
income countries where resources may limit feasibility. Studies should also explore how
patient-level factors—such as severity of respiratory failure, obesity, and
comorbidities—modify treatment response, to support risk-stratified and individualized
approaches to peri-intubation oxygenation. Finally, future investigations should examine
the impact of standardized preoxygenation and intubation protocols, including device
and settings, on clinical outcomes and resource utilization.

PICO 4: Post-Extubation Respiratory Support

In adult patients who are extubated in the intensive care unit after critical illness, should
we use HFNC, NIV (either through a facemask or helmet interface), CPAP (either
through a facemask or helmet interface) or standard oxygen therapy to improve
outcomes?

Recommendations
e We suggest using HFNC or NIV via facemask as compared to standard

oxygen therapy in patients extubated in the intensive care unit after critical
illness (conditional recommendation, moderate certainty) (Figure 5).
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e We suggest using NIV via facemask as compared to standard oxygen
therapy or HFNC in patients extubated in the intensive care unit after critical
illness at high-risk of extubation failure (e.g., age >65 years, obesity,
hypercapnia, prolonged mechanical ventilation, or severe illness, among others)
(conditional recommendation, moderate certainty).

Remark: Those patients who are at very low risk (e.g. oxygenating well, post operative
from non-thoracic or abdominal surgery, no previous respiratory or cardiac disease,
short duration of invasive mechanical ventilation, good cough and minimal secretions)
could be extubated to standard low flow oxygen or even room air.

Background

Extubation is a critical transition in the care of mechanically ventilated patients. Despite
clinical stability at the time of extubation, 10—20% of patients require reintubation, which
is associated with increased mortality, prolonged ICU stay, and complications such as
ventilator-associated events. NIRS strategies have been studied in several RCTs for
preventing and treating post-extubation respiratory failure and decreasing the need for
reintubation, particularly in high-risk patients (144—147) . However, the optimal strategy
remains unclear, especially across different patient populations and practice settings.

Evidence Summary

We included 53 RCTs (n=5,304) in the evidence summary evaluating post-extubation
NIRS (148-200). Nearly half of the trials were conducted in Europe. Participant mean
ages ranged from 34 to 77 years; 63 % were men. Most studies (44 trials, 83%)
assessed prophylactic use immediately after planned extubation, whereas only 9 (17%)
examined rescue use after post-extubation respiratory failure. Thirty-six percent enrolled
mixed medical-surgical ICU populations, and the remainder focused on surgical or
medical cohorts (predominantly COPD or sepsis). Several trials specifically targeted
high-risk groups such as those with obesity, chronic hypercapnia, or prolonged
mechanical ventilation. Across these studies, 35 RCTs compared NIV with standard
oxygen therapy, 17 compared HFNC with standard oxygen therapy, 9 directly compared
HFNC and NIV, and 2 evaluated alternating or combined HFNC—-NIV strategies. NIV
was the predominant strategy used in these studies.

Based on pooled analysis, we found that NIV (RR 0.75, 95% CI 0.63 to 0.88; moderate
certainty) probably reduced re-intubation while HFNC (RR 0.80, 95% CI 0.64 to 1.00;
low certainty) may reduce re-intubation compared with standard oxygen therapy. The
effect of NIV versus HFNC on re-intubation was uncertain (RR 0.93, 95% CI 0.76 to
1.15; very low certainty). Both HFNC (RR 0.87, 95% CI 0.71 to 1.06, low certainty) and
NIV (RR 0.88, 95% CI 0.74 to 1.04, low certainty) may reduce short-term mortality as
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compared to standard oxygen therapy with possibly no difference between the two
modalities (RR 1.01, 95% CI1 0.85 to 1.20; low certainty).

HFNC may reduce the need for tracheostomy (RR 0.35, 95% CI 0.15 to 0.84; low
certainty) with possibly no effect on hospital length of stay (MD 0.51 days fewer, 95% CI
0.17 to 0.85 days fewer, low certainty) compared to standard oxygen therapy, NIV
probably increases discomfort compared with standard oxygen therapy (risk difference
[RD] +14.5 %, 95% CI +7.5 to +21.4 %, moderate certainty), and HFNC probably
reduced discomfort compared with NIV (RD —12.2 %, 95% Cl —-17.8 to —6.6 %;
moderate certainty). The impact of HFNC and NIV on adverse events, compared with
standard oxygen therapy, was uncertain.

Subgroup analyses suggested that baseline risk and timing of therapy modified
treatment effects. Among high-risk patients (Table 1), NIV was more effective than
HFNC at preventing reintubation and post-extubation respiratory failure (subgroup
interaction p = 0.006). HFNC reduced re-intubation when used prophylactically
compared to standard oxygen therapy; but when HFNC was used as rescue therapy, it
may increase the risk of reintubation compared to standard oxygen therapy (subgroup
interaction p= 0.001). HFNC increased re-intubation risk versus NIV in rescue use but
not when used prophylactically (subgroup interaction p=0.03). These subgroups effects
were judged to be of low to moderate credibility. No subgroup effects were observed for
other outcomes of interest.

Justification and Implementation Considerations

Discussion focused on the established role of NIV for high-risk patients and the
emerging evidence supporting HFNC in broader post-extubation populations. Both
strategies reduced re-intubation compared with standard oxygen therapy when used
prophylactically, but direct comparisons were few and underpowered, yielding low
certainty for relative effectiveness. Across studies, NIV appeared more effective in high-
risk groups, whereas HFNC provided similar benefit to NIV in lower-risk patients with
greater comfort and tolerance. Subgroup analyses also found that NIV demonstrated
greater benefit in preventing re-intubation in patients with hypercapnia post extubation.
This supports preferential use of NIV in high-risk patients, especially those with
hypercapnia.

Most evidence is derived from prophylactic use immediately after extubation, where
both NIV and HFNC reduced re-intubation. Evidence for rescue therapy after the onset
of respiratory failure was sparse and less consistent, particularly for HFNC, and
therefore these recommendations should not apply to the use of these strategies as
rescue therapies in patients with respiratory failure following extubation. The panel also
considered alternating or sequential HFNC—-NIV strategies, but data from only two small
studies were insufficient to support recommendations. However, maintaining NIV alone
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for prolonged durations post extubation was deemed challenging and rarely achieved in
the real-world setting, leading the panel to note that NIV with HFNC breaks might be an
optimal strategy for implementation.

Implementation feasibility and resource use were key considerations. NIV can often be
delivered using existing ventilators but requires staff expertise, close monitoring, and
patient cooperation. HFNC demands continuous high-flow oxygen and single-use
heated circuits, increasing demand on oxygen supply and cost but offering simpler
setup and improved patient comfort. Relative burden depends on institutional context—
HFNC may be less costly where systems are already installed, whereas NIV may be
more practical in units equipped for ventilatory support. In resource-limited settings,
both modalities may strain oxygen supply and staffing, underscoring the need for
context-specific implementation.

Equity concerns were highlighted. Wider recommendation of HFNC or NIV could
exacerbate disparities between well-resourced and under-resourced hospitals if access
to devices, reliable oxygen, or trained staff is uneven. Equitable implementation will
require locally adapted protocols, training, and infrastructure investment to ensure safe
and consistent use. Although the recommendation applies broadly, implementation
should reflect patient risk profile and local resource availability, and universal application
in all extubated patients may not be necessary in every setting

In summary, both HFNC and NIV reduce post-extubation re-intubation without
increasing adverse events. NIV remains preferred for high-risk patients, while HFNC is
an acceptable alternative for lower-risk patients, or those where interface tolerance
might be a concern. Combination strategies cannot yet be recommended due to
insufficient evidence. Modality selection should be individualized based on patient risk,
tolerance, clinician expertise, and resource availability.

Uncertainties and Research Priorities

The panel identified several important gaps in the current evidence base that should
guide future research on NIRS following extubation. Although both HFNC and NIV
reduce re-intubation compared with conventional oxygen therapy, uncertainty remains
regarding their optimal application, duration of use post extubation, patient selection,
and sequencing.

Future trials should define and consistently apply standardized criteria for high-risk
patients—including age, illness severity, duration of mechanical ventilation, obesity,
airway compromise, secretion burden, and chronic cardiopulmonary comorbidities—to
enable meaningful comparisons and risk stratification. The substantial heterogeneity in
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how “high-risk” populations were defined across existing studies limited the ability to
tailor recommendations to specific subgroups.

Well-designed randomized controlled trials are needed to directly compare HFNC and
NIV across both prophylactic and rescue applications, with clearly defined thresholds for
initiation, duration, and escalation to invasive ventilation. Research should also
determine whether the preventive benefits observed in high-risk patients translate into
improved long-term outcomes, including mortality, functional recovery, and health-
related quality of life.

The potential value of combination or sequential therapy—for example, alternating or
transitioning between HFNC and NIV based on patient tolerance and response—should
be assessed in pragmatic, protocolized trials. Existing data from two small studies were
insufficient to determine whether such strategies provide additive benefit or improved
comfort and adherence.

Finally, implementation and feasibility studies are needed to guide safe, cost-effective
application across diverse care settings. Comparative evaluations should address
staffing requirements, workflow efficiency, and cost-effectiveness, particularly in
resource-limited environments where access to equipment, oxygen infrastructure, and
respiratory therapy support varies widely. Evaluations of low-cost or simplified HFNC
systems and reusable interfaces could help improve accessibility in low- and middle-
income settings.
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Discussion

Noninvasive respiratory support strategies consistently provide moderate clinical benefit
compared with standard oxygen therapy across a range of acute respiratory failure
syndromes. Their primary advantage lies in reducing the need for invasive mechanical
ventilation and peri-intubation complications rather than large effects on mortality.
These benefits are clinically meaningful yet depend on appropriate expertise, close
monitoring, and systems capable of timely escalation. In addition, it is worth noting that
a reduction in the need for invasive mechanical ventilation could translate to a mortality
benefit in low- and middle-income country settings where safe mechanical ventilation is
often unavailable for most patients and associated with several complications, though
adequate resources to safely implement these strategies are also critical components
when examining effectiveness (80). Certainty of evidence was limited by heterogeneity
in study population, variability in intervention protocols and frequent crossover between
different modalities within individual RCTs. Most studies were performed in high-
resource settings under close supervision, which constrained generalizability. As a
result of these limitations, several of the recommendations on this guideline are
conditional rather than strong.

Feasibility emerged as a key determinant of overall confidence in the interventions.
HFNC requires reliable oxygen infrastructure, heated humidification, and disposable
circuits, which may strain oxygen supply and increase cost, particularly in resource-
limited settings. Nonetheless, HFNC could actually use /ess oxygen than standard
oxygen, as evidenced by a study in East Africa in children (201). NIV requires
experienced clinicians for mask fitting, ventilatory settings titration, and continuous
monitoring to detect intolerance or deterioration. Both interventions may increase staff
workload and prolong ICU or step-down unit stay, particularly when escalation decisions
are delayed. These practical realities, rather than uncertainty in physiologic rationale,
contributed to the predominance of conditional recommendations in this guideline.
Equity considerations were an important component in formulating these
recommendations. Access to NIRS varies widely across hospitals and regions, and
universal implementation without adaptation to local resources risks exacerbating
disparities. Sustainable application requires context-specific planning, including use of
reusable equipment and standardized escalation and weaning protocols. Institutions
should ensure consistent monitoring and early recognition of NIRS failure to prevent
harm from delayed intubation. The balance of benefits and harms favors NIRS
strategies in most scenarios. Adverse effects—such as interface discomfort, skin injury,
and potential delay in escalation—are infrequent and were generally outweighed by the
benefits of reduced intubation and improved patient comfort.
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These recommendations align closely with and extend prior international guidance. The
2017 ATS/ERS guideline and GOLD 2024 report reaffirm NIV as the standard of care
for acute hypercapnic respiratory failure, with strong evidence for reduced mortality and
intubation among patients with COPD exacerbations. Notably, the 2017 ATS/ERS
guideline made no recommendation for or against NIV in de novo acute hypoxemic
respiratory failure due to limited and uncertain evidence at that time. In contrast, the
current guideline reflects the accumulation of newer randomized trials and network
meta-analyses, which now support a strong recommendation for HFNC and a
conditional recommendation for NIV in this population. Similarly, the ESICM High-Flow
Oxygen Statement and SCCM Airway Management Guidelines support the use of
HFNC or NIV for preoxygenation during intubation, depending on local expertise and
patient factors. The current guideline integrates and updates these domains across the
full trajectory of acute respiratory failure -from initial presentation through extubation and
recovery.

This work has several strengths. All four PICO questions were informed by
comprehensive network meta-analyses, enabling simultaneous comparison of multiple
interventions within a unified analytical framework. The panel adhered to GRADE
methodology and included broad international representation across clinicians,
respiratory therapists, methodologists, and implementation experts practicing in varied
health systems. A patient representative contributed to reviewing recommendations and
assessing their acceptability and feasibility; however, engagement occurred later in the
process rather than from the outset, which represents a limitation. Additional limitations
include limited data from low- and middle-income countries, where infrastructure and
staffing realities differ substantially. Despite these constraints, the guideline provides a
comprehensive, evidence-based framework to guide the safe, effective, and equitable
use of NIRS across diverse care environments.

The effectiveness of these recommendations depends more on consistent and
physiological bedside practice than on device choice. Institutional efforts should focus
on ensuring staff proficiency, streamlined workflows, and well-defined escalation
pathways rather than rapid adoption of new technologies. Early recognition of treatment
failure, defined escalation thresholds, and readiness for timely intubation remain
essential to patient safety. Monitoring frameworks need to be more clearly defined and
should include frequent assessment of gas exchange, work of breathing, and comfort;
structured documentation of therapy adjustments; and routine and protocolized
evaluation for weaning. In lower-resource settings, pragmatic implementation may
require a phased introduction of NIRS, prioritizing deployment in areas with trained
personnel, and sufficient monitoring capacity to ensure safety and effectiveness.
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In summary, NIRS modalities confer moderate, reproducible benefits in improving
patients’ outcomes but are constrained by feasibility, cost, and infrastructure
requirements that vary widely across care environments. The conditional nature of
several recommendations reflects these real-world challenges rather than uncertainty
about the physiological benefits. Future research should focus on refining patient
selection, defining standardized monitoring and escalation criteria, and evaluating
combined or sequential use of HFNC and NIV. Implementation studies addressing cost-
effectiveness, oxygen utilization, and workforce implications will be crucial to ensuring
equitable and sustainable adoption of NIRS worldwide.
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Conclusion

Noninvasive respiratory support provides consistent, moderate benefit across the
spectrum of acute respiratory failure. Compared with standard oxygen therapy, these
modalities reduce the need for invasive mechanical ventilation, improve comfort, and
may modestly reduce mortality in selected populations. These benefits are clinically
meaningful but context-dependent, and their impact in practice depends on timely
initiation, skilled personnel, and readiness to escalate care when failure occurs.

These recommendations establish NIRS as an essential component of evidence-based
care for acute respiratory failure, consistent with prior international guidelines from the
American Thoracic Society, European Respiratory Society, European Society of
Intensive Care Medicine, and the Society of Critical Care Medicine. Together, these
recommendations emphasize that the success of NIRS depends on appropriate patient
selection, careful monitoring, and defined escalation thresholds rather than a single
preferred device or interface.

Editor’s note

The American Thoracic Society’s Quality Improvement and Implementation Committee
reviewed the guideline recommendations for performance measure development
suitability. The NIV for acute hypercapnic respiratory failure clinical recommendation
was deemed potentially appropriate for performance measure development.
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Figure 1. Scope of Noninvasive Respiratory Support Clinical Practice Guideline

Figure 2. Recommendations for Noninvasive Respiratory Support for Acute Hypoxemic
Respiratory Failure.

Figure 3. Recommendations for Noninvasive Respiratory Support for Acute
Hypercapnic Respiratory Failure

Figure 4. Recommendations for Noninvasive Respiratory Support for Preoxygenation
during Endotracheal Intubation

Figure 5. Recommendations for Noninvasive Respiratory Support Post-Extubation after
Critical lliness

Table 1: High-Risk Features for Post-Extubation Respiratory Failure
Age = 65 years of age
Cardiopulmonary disease (e.g. heart failure, moderate to severe COPD)
Acute Physiology and Chronic Health Evaluation (APACHE) Il =2 12
Body Mass Index = 30
Presence of airway patency problems or high risk of laryngeal edema
Inability to manage secretions: weak cough reflex or suctioning = 2 times in 8 hours before extubation
Complex weaning
More than 2 comorbidities
Prolonged mechanical ventilation = 7 days
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Scope of Noninvasive Respiratory Support Clinical Practice Guideline

A. Spectrum of acute respiratory failure where
noninvasive respiratory support is used

B. Strategies and interfaces for noninvasive
respiratory support

Standard oxygen therapy

Intubation Extubation | RE \ A nasal cannula or face mask that delivers low
N to moderate levels of oxygen.
Early acute v Invasive | Post _ | High flow nasal cannula
respiratory failure ventilation extubation " A nasal device that delivers warm, humidified
PICO 4 N oxygen at high flow rates.
PICO 3 Post extubation = = =
respiratory failure Preoxygenation noninvasive Continuous Positive Airway Pressure

for endotracheal respiratory support
intubation

PICO 2

Acute hypercapnic
respiratory failure

J(

©2026 Mount Sinai Ith System

Facemask interface: A tight-fitting mask
+|over the nose and mouth (oronasal or
A|full facemask) or one which covers the
entire face (total facemask).

| Helmet interface: A clear hood that surrounds
\ | the head and seals at the neck.

Noninvasive ventilation

Facemask interface: A tight-fitting mask
| over the nose and mouth (oronasal or

|| full facemask) or one which covers the
entire face (total facemask).

Helmet interface: A clear hood that surrounds
the head and seals at the neck.
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Noninvasive Respiratory Support Recommendations
for Acute Hypoxemic Respiratory Failure

Compared to standard oxygen therapy, the panel made:

Strong Recommendation Conditional Recommendation
(moderate certainty) (low certainty)

N @

NIV/ICPAP|  NIVICPAP
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Noninvasive Respiratory Support Recommendations
for Acute Hypercapnic Respiratory Failure

For patients with acute hypercapnic respiratory
failure, compared to standard oxygen therapy, the panel made:

Strong
Recommendation
(moderate certainty)

For patients with mild acute hypercapnic respiratory failure with
mild acidemia (e.g. ph 27.25), compared to standard oxygen
therapy, the panel made:

Conditional
Recommendation
(low certainty)
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Noninvasive Respiratory Support Recommendations
for Preoxygenation of Patients with Acute Respiratory
Failure Undergoing Endotracheal Intubation

Compared to standard oxygen therapy, the panel made:

Strong
Recommendation
(moderate certainty)
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Noninvasive Respiratory Support Recommendations
for Adult Patients Extubated after Critical lliness

For patients extubated in the ICU after critical illness, compared
to standard oxygen therapy, the panel made:

Conditional
Recommendation
(moderate certainty)

HFNC™

For patients extubated in the ICU after critical illness at high-risk of
extubation failure, compared to high flow nasal oxygen and
standard oxygen therapy, the panel made:

Conditional
Recommendation
(moderate certainty)

For patients who are at very low risk of extubation failure, it may be
appropriate to use standard oxygen therapy or room air.
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