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Objective: To describe current clinician-reported postextubation noninvasive respiratory strategies after cardiac surgery with a focus on variabil-
ity across centers and emerging combined strategies.

Design: Cross-sectional 25-item survey with descriptive analysis.

Setting: Cardiac surgery units across Europe, North Africa, the Middle East, and South America.

Participants: Ninety-two clinicians from European and French cardiothoracic anesthesia societies; 86% worked in cardiac-dedicated ICUs, 73%
had >5 years of experience.

Interventions: No clinical interventions were undertaken. Respondents reported institutional protocols and individual postextubation respiratory
support practices.

Measurements and main results: Institutional protocols were reported by 40% of respondents. Noninvasive respiratory support was used prophy-
lactically by 77% of them, most often in high-risk patients (62%). Obesity (93%), severe chronic obstructive pulmonary disease (FEV; <50%,
93%), and obstructive sleep apnea (78%) were the main risk factors used for stratification. High-flow nasal oxygen (HFNO) and noninvasive ven-
tilation (NIV) were available in almost all units. Combination HFNO-NIV was the most frequently selected prophylactic strategy (37%) and the
dominant option for established postextubation respiratory failure (54%). The duration of prophylaxis varied widely, reflecting marked heteroge-
neity in practice. Decisions were influenced by training and experience (63%), protocol availability, and equipment constraints.

Conclusion: Postextubation respiratory practices after cardiac surgery are highly variable, with increasing adoption of combined HFNO-NIV strategies.
The absence of standardized pathways contributes to inconsistency in patient selection, timing, and duration. These findings highlight the need for harmo-
nized postoperative respiratory protocols and pragmatic multicenter trials to define optimal respiratory support strategies in cardiac surgical patients.
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POSTOPERATIVE ACUTE RESPIRATORY FAILURE
(ARF) is a common and serious complication following
adult cardiac surgery, resulting from postoperative respi-
ratory mechanics impairment, fluid shifts, diaphragmatic
dysfunction, pain-related hypoventilation, and patient-
related comorbidities.'> ARF is associated with increased
morbidity, prolonged intensive care unit (ICU) stays,
higher reintubation rates, and substantial healthcare
costs.®® Despite improvements in perioperative care, a
significant postextubation risk persists in high-risk cardiac
surgical patients.”"!

Noninvasive respiratory support options include conven-
tional oxygen therapy, continuous positive airway pressure
(CPAP), noninvasive ventilation (NIV), and high-flow nasal
oxygen (HFNO). Their relative benefits depend on clinical
phenotype (hypoxic v hypercapnic) and timing of applica-
tion (prophylactic v therapeutic). CPAP and NIV have been
shown to reduce postoperative pulmonary complications.'*”
1 However, research on their effects on reintubation
remains inconsistent, particularly when baseline failure
rates are low, and evidence synthesis is limited by hetero-
geneous protocols, settings, and outcome definitions.'>"’
Moreover, most available data are derived from general
ICU populations, whereas cardiac surgical patients remain
underrepresented in clinical trials despite distinct postoper-
ative constraints.'®*’

A previous European survey conducted more than a decade
ago reported widespread use of NIV after cardiac surgery.
Since then, the landscape of noninvasive respiratory support
has evolved, with the introduction of HFNO and the emer-
gence of combined HFNO-NIV strategies, creating a need for
updated data on how these approaches are used and organized
in routine cardiac surgical ICU practice. Although HFNO,
CPAP, and NIV are widely used in clinical practice, real-world
postextubation strategies remain poorly described. The
absence of standardized postoperative respiratory pathways
likely contributes to substantial variability in international
practice and may hinder the effective implementation of avail-
able evidence. Given the growing availability of HFNO and its
increasing integration into periextubation care, the current
authors expected that combined or sequential HFNO-NIV
strategies would now be commonly used in routine practice
after cardiac surgery, despite limited direct evidence in this
setting.

The Best REspirAtory StratEgy for Acute Respiratory fail-
ure after Cardiac surgery (BREASE ARC) survey was there-
fore designed to: (1) assess the availability and declared use of
different noninvasive respiratory support modalities; (2) exam-
ine reported practices regarding patient selection, timing, and
duration; and (3) identify the main organizational factors and
perceived barriers to implementation. By characterizing cur-
rent practices and potential sources of heterogeneity, this sur-
vey was designed to inform the development of standardized,
evidence-based postextubation strategies in cardiac surgical
ICUs.

Materials and Methods

Study Design

The BREASE ARC study is an international, cross-sec-
tional, online survey targeting clinicians involved in the
perioperative management of adult cardiac surgical
patients.

Survey Development and Content

Two scientific societies supported the survey: the European
Association of Cardiothoracic Anesthesiology and Intensive
Care (EACTAIC) and the French Anesthesia and Critical Care
Heart-Thorax-Vessels Association (ARCOTHOVA), the
national society for cardiothoracic anesthesia and critical care.
A panel of experts in anesthesiology, intensive care, and car-
diac surgery developed, reviewed, and validated the survey
instrument and study protocol. An expert-driven process
involving iterative revisions was used to ensure clarity, clinical
relevance, and content validity. The final 25-item question-
naire combined single-choice, multiple-choice, and open-
ended questions to allow for both quantitative and qualitative
input. The items covered: (1) institutional and demographic
characteristics, (2) prophylactic respiratory strategies after
extubation, and (3) therapeutic approaches for postextubation
ARF, including the use of combined HFNO-NIV strategies (ie,
the use of both modalities within the same postextubation
management strategy). The full survey is available in Supple-
mentary Material 1. A pilot test of the questionnaire among
anesthesiologists assessed readability and technical functional-
ity before dissemination.

Data Collection and Distribution

From October 1 to December 15, 2024, the survey was dis-
seminated via EACTAIC and ARCOTHOVA communication
channels. At the time of distribution, EACTAIC included 523
members in good standing, while ARCOTHOVA comprised
approximately 1,500 to 2,000 members across specialties, with
likely overlap between the two societies. A reminder was
posted mid-survey period on both societies’ professional web-
sites. Responses were collected online using Google Forms
(Google LLC, Mountain View, CA, USA).

Inclusion and Exclusion Criteria

Only responses from board-certified anesthesiologists or
intensivists who were actively involved in perioperative car-
diac surgical care and who practiced in ICUs with cardiac sur-
gery programs were included in the analysis. Incomplete
responses and multiple submissions were excluded. All sub-
mitted questionnaires meeting these eligibility criteria were
included in the analysis.
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Data Analysis

The primary endpoints were: (1) institutional and respon-
dent characteristics; (2) prophylactic respiratory strategies
after extubation, including the availability and use of noninva-
sive respiratory support modalities; and (3) therapeutic
approaches for postextubation ARF. All analyses were per-
formed at the clinician level. Secondary endpoints included
perceived barriers to implementation and factors influencing
clinical decision-making.

All responses were extracted and anonymized by the study
coordinator (A.H.) prior to analysis. Descriptive statistics were
used, with categorical variables summarized as counts and per-
centages. Free-text responses were analyzed using a thematic
approach and are reported in aggregated form.

Given the exploratory nature of the survey and the absence
of prespecified comparative hypotheses, no inferential statisti-
cal analyses were performed. The study was intentionally
designed as a descriptive analysis. The primary analysis was
conducted at the clinician level to reflect individual reported
practices. When more than one clinician from the same center
completed the survey, all responses were retained for the pri-
mary clinician-level analysis. To assess the robustness of the
findings, a center-level sensitivity analysis was conducted after
deduplication, retaining a single response per center. When
multiple responses were received from the same center, a sin-
gle response was retained using a predefined hierarchy: (1) the
most complete questionnaire, (2) the response from the clini-
cian with the longest reported experience in this type of ICU
setting, and (3) the earliest submission timestamp.

Ethical Considerations

This study consisted of an anonymized, voluntary survey of
healthcare professionals without the collection of patient-level
data. In accordance with applicable regulations for such stud-
ies, formal ethics committee approval was not required. The
study complied with the Declaration of Helsinki. The purpose
of the survey was outlined in the introduction, and completion
was considered implied consent. No incentives were offered,
and no patient-level data were collected.

Results

Among the 92 completed questionnaires, responses origi-
nated from 80 distinct cardiac surgical centers across 13 coun-
tries. No submitted questionnaires were excluded, as all
responses were complete and no multiple submissions were
identified. In a center-level sensitivity analysis restricted to
one response per center, the distribution of the main practice
variables remained similar to that observed in the full clini-
cian-level dataset (Supplementary Table 2).

Respondents were primarily based in Italy and France,
though contributions also came from the Middle East, North
Africa, and South America. Most were affiliated with tertiary
(university) hospitals (79%, n = 73), followed by private hospi-
tals (13%, n = 12), nonuniversity public hospitals (7%, n = 6),

and other institutions (1%, n = 1) (Supplementary Table I).
The vast majority of respondents were anesthesiologist-inten-
sivists (90/92, 97.8%).

ICU Setting, Experience, and Activity

Most clinicians (86%, n = 79) worked in cardiac-dedicated
ICUs, whereas 14% (n = 13) practiced in general mixed or
mixed surgical ICUs. Overall ICU experience was substantial,
with 92% (n = 85) reporting at least 2 years in their current set-
ting, including 73% (n = 67) with more than 5 years (Supple-
mentary Table 1).

Nearly half of respondents worked in high-volume cardiac
surgery units, with 45% (n = 43) reporting >600 cardiac proce-
dures with cardiopulmonary bypass annually, including 24%
(n = 22) reporting >1,000 procedures. Likewise, 64% (n = 59)
worked in ICUs with >600 admissions per year, including
37% (n = 34) reporting >1,000 admissions (Supplementary
Table 1).

Prophylactic Noninvasive Respiratory Support After
Extubation

The respiratory support modalities that were available are
detailed in Table 1. HFNO and NIV were available in almost
all participating units (92%, n = 84; Table 1).

Prophylactic postextubation support was used by 78%
(n =72) of respondents, most often selectively in patients con-
sidered at high risk. Among clinicians applying prophylaxis,
NIV (alone or combined) was reported by 70% (n = 64) of
respondents, followed by HFNO (alone or combined) by 51%
(n=47). CPAP was selected less frequently (13%, n = 12), pri-
marily alongside NIV in bilevel PAP mode. The practice dis-
persion of these modalities across systematic, selective, and
absent prophylactic use is shown in Fig 1. In selective prophy-
lactic settings, the combined HFNO-NIV approach was the
most frequently used strategy (n = 35, 38%; Fig 1).

The criteria used to identify high-risk patients relied on clin-
ical factors or a risk score in 67% of cases (n = 54), with obe-
sity and chronic obstructive pulmonary disease being the most
frequent factors (both 93%; see Table 1).

The duration of prophylactic noninvasive respiratory sup-
port also varied across centers. Fifty-five percent (n = 50) used
prophylactic noninvasive respiratory support for less than
48 hours, while one-third continued it until clinical stabiliza-
tion (Fig 2). Decisions regarding initiation and continuation
were most influenced by clinician expertise and training
(62%), followed by the presence of institutional protocols and
the availability of equipment (Supplementary Fig 1). Protocol
standardization (60%) and staff training (46%) were identified
as the main areas likely to improve implementation (Supple-
mentary Fig 2).

Therapeutic Use for Postextubation ARF

In established postextubation ARF, HFNO was the most fre-
quently used modality (65%, n = 59), most often in
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Table 1
Prophylactic Postextubation Respiratory Support Strategies and Risk Assess-
ment Criteria

Items n (%)
Respiratory support modalities available n=92
HFNO alone 0(0)
NIV alone 5(5)
CPAP alone 33

HFNO + NIV 84 (92)
Prophylactic postextubation respiratory support n=92
Systematic use 14 (15)
In high-risk patients 58 (63)
No prophylactic use 20 (22)
Criteria used to define high-risk patients n=80"
In presence of 2 or more risk factors 51 (64)
With the ARISCAT risk score 2(2)
With the LAS VEGAS risk score 1(1)
No definition of high-risk patients 26 (33)
Risk factors considered for postoperative pulmonary n=91
complications
COPD 85(93)
Obesity 85(93)
Obstructive sleep apnea 72 (79)
Cumulative smoking >20 cigarettes/d for at least 20 y 53 (58)
Emergency surgery 36 (40)
Age,y 37 (41)
Cachexia 24 (26)

* High-risk definition items were answered only by respondents reporting
selective prophylactic use.
Abbreviations: ARISCAT, Assess Respiratory Risk in Surgical Patients in
Catalonia; COPD, chronic obstructive pulmonary disease; CPAP, continu-
ous positive airway pressure; HFNO, high-flow nasal oxygen; LAS
VEGAS, local assessment of ventilatory management during general anes-
thesia for surgery; NIV, noninvasive ventilation.

combination with NIV. NIV alone was used in 16% (n = 14) of
patients, while CPAP alone remained marginal (4%, n = 4;
Supplementary Fig 3).

NIV settings were adjusted according to clinical response by
63% of clinicians; a quarter reported adherence to predefined
protocols, and 11% made adjustments only in case of deterio-
ration (Table 2). Regarding the perceived clinical benefits of
NIV, 50% of clinicians reported reduced reintubation rates,
and 41% noted shorter hospital or ICU lengths of stay. Only a
small minority (2%) associated NIV with a reduced incidence
of postoperative pneumonia (Fig 3).

Institutional Protocols

Fewer than half of respondents (40%, n = 37) reported hav-
ing an institutional postextubation protocol, while 53%
(n = 49) reported a written protocol not routinely applied, and
7% (n = 6) reported no protocol. Exploratory descriptive anal-
yses, based on the availability of institutional protocols and
clinicians’ experience, showed broadly similar patterns of
practice, with only minor variations in the distribution of strat-
egies (Supplementary Tables 3 and 4).

Discussion

This international survey provides an overview of cur-
rent practices for preventing and managing postoperative
ARF after cardiac surgery. The current findings reveal
that postextubation respiratory support is no longer lim-
ited to isolated use of NIV but increasingly incorporates
HFNO and combined HFNO-NIV strategies in both pro-
phylactic and curative settings. At the same time, sub-
stantial heterogeneity persists across participating units.
Less than half of respondents reported having an estab-
lished institutional protocol; implementation remains
inconsistent, and many decisions are still driven by indi-
vidual experience and local resources rather than by uni-
fied, evidence-based pathways.

— CPAP alone
1%
B crap«Niv
] 12%
Systematic prophylactic use
23% NIV alone
I 20%
i i HFNO+NIV
Extubation Selective prophylactic use o
100% =
I B HFNO alone
13%
|

No prophylactic use

15%

No specific strategy
16%

Fig 1. Prophylactic noninvasive respiratory support strategies after extubation in cardiac surgery (n = 92). Sankey diagram illustrating the distribution of clinicians
by prophylactic postextubation strategy (systematic, selective, or none) and the corresponding noninvasive respiratory support modalities used. The width of each
flow is proportional to the percentage of respondents selecting each option. CPAP, continuous positive airway pressure; HFNO, high-flow nasal oxygen; NIV, non-

invasive ventilation.
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Fig 2. Reported duration of prophylactic noninvasive respiratory support after extubation. Percentages are calculated from respondents who reported using pro-

phylactic noninvasive respiratory support after extubation (n = 83).

Positioning Within Existing Evidence

A previous European survey conducted in 2013 reported
that although NIV was widely used after cardiac surgery, 80%
of cardiac surgery units lacked formal protocols, and the per-
ceived success rate was below 50% in most patients.”’ A
decade later, NIV continues to dominate practice, with 97% of
respondents in the current survey reporting its use. This sus-
tained predominance may reflect clinicians’ perception of
greater efficacy, an assumption supported by mechanistic evi-
dence showing that NIV reduces inspiratory effort more effec-
tively than HENO in high-risk postextubation patients.””
Concurrently, the proportion of centers lacking a formal proto-
col remains substantial, though this represents an improvement
from the 80% reported in 2013. As detailed in Supplementary
Table 5, the main evolution lies not in NIV use itself, but in its
integration into multimodal strategies including HFNO.

Recent comparative studies have shown inconsistent clinical
results between HFNO and NIV. While NIV consistently
reduces inspiratory effort more effectively than HFNO in
high-risk postextubation patients, suggesting a potential physi-
ological advantage in selected populations,”” clinical trials
comparing HFNO and NIV after cardiothoracic surgery have

Table 2
Postoperative Use of Noninvasive Ventilation After Extubation

n (%), n=92

Frequency of use

Rarely (<10%) 26 (28)

Occasionally (~=10%-40%) 37 (40)

Frequently (>40%) 29 (32)
Adjustment of parameters

No adjustment 1(1)

Occasional adjustment in case of clinical deterioration 23 (25)

Regular adjustments according to a predefined protocol 10 (11)

Adjustments frequently based on clinical response 58 (63)

NOTE. Data are expressed as number of respondents (percentage).

not consistently favored either modality.'®**>> HENO may
help prevent escalation of respiratory support and reduce rein-
tubation rates, particularly in obese or high-risk patients,”**
but results remain heterogeneous across studies. To our knowl-
edge, this is the first international survey to document such
widespread adoption of HFNO in the specific context of car-
diac surgery, marking a notable evolution compared with ear-
lier literature.

The combined or sequential use of HFNO and NIV is
increasingly reported in practice, yet few studies have directly
evaluated these approaches, leaving a persistent gap in the lit-
erature. Two recent 2025 clinical studies support these pat-
terns: pre- and postoperative NIV reduced pulmonary
complications compared with standard oxygen therapy,'® and
CPAP reduced early reintubations in high-risk postoperative
patients.15 However, these and earlier trials are characterized
by substantial heterogeneity in prophylactic versus therapeutic
intent, timing of initiation, duration and intensity of support,
and in the choice and definition of primary endpoints (reintu-
bation, treatment failure composites, postoperative pulmonary
complications, or length of stay). This heterogeneity limits
comparability across studies and complicates translation into
standardized pathways.

Clinical Interpretation of Observed Patterns

HFNO was widely used in this cohort (65%), marking a
notable evolution since prior surveys, although it may be the
modality with the weakest level of cardiac-surgery-specific
evidence compared with NIV and CPAP. As these data are sur-
vey-based, the findings reflect reported practices and clin-
icians’ perceptions rather than measured clinical outcomes.
Rather than replacing NIV, HFNO appears to be integrated
into pragmatic hybrid strategies, consistent with evidence
showing reduced treatment failure when HFNO is alternated
with scheduled NIV sessions in high-risk extubation trials."®
These combined strategies may reflect pragmatic attempts to
balance physiological efficacy with patient comfort and
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Fig 3. Clinicians’ perceived benefits of noninvasive ventilation after extubation. Percentages represent the proportion of respondents reporting each perceived ben-

efit. ICU, intensive care unit.

organizational constraints. The relatively high use of HFNO in
this cohort may partly reflect the geographic distribution of
respondents, with many originating from France and Italy,
where HFNO is widely used. However, this remains specula-
tive as no country-level analysis was performed.

In contrast, CPAP remained the least commonly used
modality, reported by fewer than 15% of respondents. This
limited diffusion may reflect the relative scarcity of con-
temporary comparative evidence, patient tolerance issues,
and technical constraints in postoperative settings. While
CPAP has demonstrated benefits in reducing atelectasis and
postoperative pulmonary complications,'” its role within
multimodal postoperative strategies remains ill-defined.
Moreover, distinctions between prophylactic and therapeu-
tic applications across postoperative risk strata remain
insufficiently explored.

The current survey indicates that decisions are often influ-
enced by clinical factors such as obesity, chronic obstructive
pulmonary disease, and sleep apnea. These risk factors are
consistent with populations shown to benefit most in subgroup
analyses.””°

Implications for Clinical Practice

The marked heterogeneity in modality selection, timing, and
monitoring highlights the absence of standardized, evidence-
based pathways for postoperative respiratory support.'’**” The
frequent use of combined HFNO-NIV strategies suggests an
attempt to balance physiological efficacy with patient toler-
ance, yet substantial uncertainty persists regarding optimal
duration, initial intensity, monitoring, and weaning proto-
cols. Inconsistent outcome definitions across trials (includ-
ing reintubation, postoperative pulmonary complications,
length of stay, and mortality) further complicate guideline
development.'’-*"-**

The current findings confirm that, despite consistent evi-
dence favoring positive-pressure modalities over standard oxy-
gen, their use in cardiac surgical ICUs remains highly
variable.'*'** The choice of modality often appears driven
by local practice patterns or logistical constraints rather than
by formalized risk stratification, despite evidence from a recent
network meta-analysis identifying NIV as the most effective
strategy for reducing postoperative pulmonary complica-
tions.'> However, the certainty of evidence was low, and NIV
did not significantly reduce reintubation rates or short-term
mortality in this context. In parallel, a large multicenter ran-
domized trial in high-risk cardiac surgical patients is currently
evaluating prophylactic HFNO versus standard oxygen with
patient-centered outcomes as coprimary endpoints,”’ and its
results are expected to further clarify the role of HFNO in this
setting.

In clinical practice, these observations argue for:

(1) systematic preoperative identification of high-risk patients
(eg, obesity, chronic obstructive pulmonary disease, sleep
apnea, reduced ventricular function, prolonged cardiopul-
monary bypass);

(2) integration of postextubation noninvasive support
within a comprehensive perioperative respiratory bun-
dle, including lung-protective ventilation, early mobili-
zation and chest physiotherapy, structured oral care
and secretion management, and multimodal or regional
analgesia to minimize opioid-induced hypoventilation;
and

(3) development of simple, algorithm-based protocols to guide
modality selection (HFNO, NIV, CPAP, or combined strat-
egies) according to dominant postoperative phenotypes
(eg, hypoxemic or atelectatic v hypercapnic or mixed pre-
sentations).
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Strengths and Limitations

To our knowledge, this is the most recent international sur-
vey dedicated to clinician practices in the prevention and man-
agement of ARF after cardiac surgery, and the first to report
detailed data on HFNO use. Responses were obtained from 92
clinicians representing 80 cardiac surgery units with heteroge-
neous surgical activity, spanning low- to high-volume centers.
The high level of ICU experience among respondents supports
the clinical relevance of the findings. The study design and
reporting were aligned, where applicable, with current recom-
mendations for survey-based research and reporting.””

Several limitations should be acknowledged. Participation
was voluntary, which may have introduced selection bias, as
clinicians or units with established protocols or greater
research engagement may have been more likely to respond.
The geographical distribution reflects the survey dissemination
channels, with a predominance of Western European centers.
Given the dissemination strategy, a precise response rate could
not be determined. The number of potentially reached clini-
cians is based on the approximate society membership at the
time of distribution and may overestimate the number of indi-
viduals directly concerned with the survey. In addition, over-
lap between societies further limits the accuracy of this
estimate. This uncertainty introduces a risk of selection bias,
with possible overrepresentation of clinicians more engaged in
postoperative respiratory management. Data were self-
reported and may not fully reflect actual bedside practice; the
survey lacked technical granularity on interfaces, ventilatory
modes, and specific settings. These results should therefore be
interpreted as reflecting how clinicians report organizing respi-
ratory support strategies after extubation, rather than how deci-
sions are made in individual patient situations. Analyses were
primarily conducted at the clinician level; although most cen-
ters contributed a single response, a minority were represented
by more than one respondent, potentially introducing intracen-
ter correlation. Reassuringly, center-level sensitivity analyses
yielded similar distributions, supporting the robustness of the
findings. Finally, the economic aspects of noninvasive respira-
tory support strategies, particularly combined or high-intensity
approaches, were not assessed, and this may limit generaliz-
ability across healthcare systems.

Implications for Future Research

The heterogeneity observed in prophylactic and therapeutic
strategies for noninvasive respiratory support underscores the
current absence of standardized guidelines. Large, pragmatic,
multicenter trials are therefore needed, not to compare devices
in isolation, but to define optimal sequences or combinations
of modalities according to postoperative phenotypes.

Based on the present survey, a focused and pragmatic
research question emerges: Among high-risk cardiac surgical
patients, does prophylactic HFNO alone provide protection
against postextubation respiratory failure comparable with that
of the increasingly adopted combined HFNO-NIV approach?
While randomized trials in mixed ICU populations have

compared HFNO with NIV or alternating strategies,'® dedi-
cated randomized trials specifically evaluating combined
HENO-NIV strategies in cardiac surgery remain lacking
despite their widespread use in this cohort.

The current authors therefore propose a pragmatic, interna-
tional randomized controlled trial in adult high-risk cardiac
surgical patients to evaluate whether prophylactic HFNO alone
provides similar protection against postextubation respiratory
failure as combined HFNO-NIV strategies during the early
postextubation period, with reintubation as a clinically rele-
vant primary endpoint.

Such a trial would specifically validate—within a cardiac
surgery context—the combined HFNO-NIV strategies that are
now widely implemented yet weakly supported by direct evi-
dence and directly address the practice variability identified by
the BREASE ARC survey.

Conclusion

The international BREASE ARC survey highlights substan-
tial heterogeneity in the prophylactic and therapeutic use of
noninvasive respiratory support after cardiac surgery, reflect-
ing the absence of standardized postoperative pathways and a
reliance on local practices. Although HFNO, CPAP, and NIV
are widely available, the growing use of combined HFNO-
NIV strategies contrasts with the limited comparative evidence
currently available to guide their implementation. These find-
ings underscore the urgent need for standardized postoperative
respiratory support pathways and pragmatic multicenter trials
designed to define evidence-based, phenotype-adapted strate-
gies. In particular, the widespread implementation of com-
bined HFNO-NIV strategies in cardiac surgery in the absence
of dedicated randomized data represents a key, actionable evi-
dence gap.
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