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Objective:Acute cardiogenic pulmonary edema (ACPE) is a significant cause of emergency department (ED) visits
due to dyspnea. Non-invasive ventilation (NIV) is currently the recommendedfirst-line treatment for respiratory
failure secondary to ACPE. The aim of this study is to compare the effectiveness of high-flow nasal cannula
(HFNC) and NIV in improving respiratory rate (RR) and other clinical outcomes in adult patients presenting to
the ED with ACPE.
Methods: This study was conducted as a prospective, randomized, single-center, superiority trial with a 1:1
parallel-group allocation. All consecutive adult patients (≥18 years) who presented to our emergency depart-
ment between July 2023 and April 2024were screened for eligibility. Those meeting the inclusion and exclusion
criteria were enrolled and randomly assigned in a 1:1 ratio to receive either high-flow nasal cannula (HFNC) or
non-invasive ventilation (NIV) therapy. All analyses were performed according to the intention-to-treat (ITT)
principle, with per-protocol (PP) analyses also presented for comparison.
Results: During the study period, 1376 patients were screened, and 178 were randomized. Baseline characteris-
tics, including initial respiratory rates—34 (IQR, 30–38) breaths/min in the HFNC group and 33.5 (IQR, 30–37) in
the NIV group—were similar between groups. In both intention-to-treat and per-protocol analyses, the change in
respiratory rate at 120 min was similar across groups. No significant differences were observed in respiratory
rates or their changes at 30, 60, and 120min. Likewise, changes in other vital signs, arterial blood gas parameters,
and dyspnea scores during follow-up did not differ significantly between the groups.
Conclusion: In this study, no differencewas found between HFNC and NIV in reducing the symptoms and signs of
respiratory failure with oxygen-ventilation support in patients with acute cardiogenic pulmonary edema.
Considering that HFNC provides better patient tolerability and comfort, it may be considered a viable alternative
to NIV in this specific patient population.
© 2025 Elsevier Inc. All rights are reserved, including those for text and data mining, AI training, and similar tech-

nologies.
1. Introduction

Acute cardiogenic pulmonary edema (ACPE) is an important cause
of emergency department (ED) visits for dyspnea [1-4]. The association
of hypoxia and hypercarbia is common in these patients and signifi-
cantly affects outcome [4,5]. Primary management includes correction
of reversible causes, intravenous diuretics and nitrates, as well as
oxygen and ventilatory support [1,6-8]. Conventional approaches to ox-
ygen and ventilation therapy for these patients include nasal cannula or
face mask oxygen, noninvasive ventilation, and intubation [8-10].
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Non-invasive ventilation (NIV) is the recommended first-line treat-
ment for respiratory failure caused by ACPE [1,2]. Positive pressure de-
creases alveolar edema and left ventricular afterload, improving
cardiac output and reducing respiratory workload [6,11]. Additionally,
pressure support enhances gas exchange, facilitating the removal of ac-
cumulated carbon dioxide (CO2) [12-14]. This contributes to reduced
intubation rates and improved in-hospital mortality [2,6,15,16]. How-
ever, NIV is poorly tolerated in some patients andmay lead to treatment
failure and poor outcome [6,17].

High-flow nasal cannula (HFNC) is an oxygen-ventilation therapy
approach that delivers heated and humidified oxygenated air at up to
60 L/min [18]. It provides a fraction of inspired oxygen (FiO2) support
ranging from 21 % to 100 % [19]. Air flow levels both increase CO2

clearance by washing dead spaces and support the decrease in
g, AI training, and similar technologies.
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respiratory workload caused by cardiogenic pulmonary edemawith the
positive air pressure it creates [4,9]. HFNC is more physiological and can
be better tolerated by patients, as it allows patients to talk and eat
[14,18].

The expected outcomes of these two treatments include improved
oxygenation, normalization of blood gas parameters with ventilatory
support, regression of respiratory distress symptoms, and a decrease
in respiratory rate as a sign of clinical improvement [2,9]. Consequently,
the respiratory rate (RR) emerges as a pertinent parameter for assessing
the feasibility and efficacy of HFNC and NIV in the treatment of ACPE-
related acute respiratory failure [20].

Although the benefits of HFNC compared to conventional oxygen
therapy in patients with acute heart failure (AHF) have been reported
in the literature, there are limited studies comparing the effectiveness
of HFNC and NIV in treating ACPE [8-10].

Therefore, the aim of this study is to compare the effectiveness of
HFNC and NIV in improving RR and other clinical outcomes in adult
patients presenting to the ED with ACPE.

2. Materials and methods

2.1. Design and setting

This was a prospective, randomized, single-center superiority trial
with a 1:1 parallel-group design, conducted in an academic emergency
department with an annual patient volume of 220,000. Approval was
obtained from the local ethics committee, and the institutional review
board (approval no. 09.2023.813, Marmara University Faculty of
Medicine Clinical Research Ethics Committee).

2.2. Study population, eligibility, inclusion, and exclusion criteria

All consecutive adult patients (aged ≥18 years) presenting to our
emergency department between July 2023 and April 2024 were
screened for inclusion based on the following criteria. Patients were
eligible if they met all of the following:

(i) Clinical suspicion of ACPE by the attending emergency physician
at presentation, supported by: (a) Acute onset dyspnea without a his-
tory suggesting pulmonary aspiration or infection, (b) Bilateral rales
on physical examination, (c) radiographic or sonographic evidence of
pulmonary congestion, including pulmonary venous congestion, cardio-
megaly, interstitial edema on chest radiography, and/or sonographic in-
terstitial syndrome (multiple, bilateral, and homogeneously distributed
B-lines on lung ultrasound) [21];

(ii) Requirement of ventilatory support with either NIV or HFNC, de-
fined by all of the following: (a) respiratory rate (RR) >24 breaths/min,
(b) pulse oximetry (SpO2) <92 % on room air, (c) increased work of
breathing (WOB; based on the use of accessory respiratory muscles or
paradoxical abdominal breathing),

(iii) provision of informed consent by the patient, a relative, or a
legal guardian.

Exclusion criteria were as follows: (i) Patients requiring immediate
endotracheal intubation at presentation, (ii) Hemodynamically unstable
patients, definedbyameanarterial pressureof 65mmHgorbelow, or re-
quiring vasopressor support, (iii) Patients with a Glasgow Coma Scale
(GCS) of 13 or below, (iv) Patients with contraindications to use of NIV
or HFNC [22], (v) Patients with ST elevation myocardial infarction,
(vi) Patients with end-stage renal disease, (vii) Pregnant patients.

2.3. Randomization and allocation concealment

Patients whomet the inclusion/exclusion criteria were enrolled and
randomly assigned in a 1:1 ratio to receive either HFNC or NIV therapy.
Randomization was performed using a computer-generated sequence
with blocks of six to ensure a balanced allocation of groups. The alloca-
tion sequence of patients was concealed using consecutively numbered
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and sealed envelopes. Each patient received the assigned intervention
for at least two hours.

2.4. Masking

Due to the nature of the intervention, blinding of the attending
physician, nurses, investigators, and participants was not possible.
However, outcome assessors and data analysts were masked to group
allocation to minimize bias.

2.5. Data collection

All patients were evaluated by the attending emergency physicians
at presentation to the ED for study inclusion andwere then randomized
to the study arms. Attending physicians and nurses recorded the base-
line (0-min) and following (30-min, 60-min and 120-min) clinical pa-
rameters and vital signs of all patients in the hospital information
system and study data collection charts. An arterial blood gas (ABG)
sample was then obtained, and the assigned oxygenation strategy was
initiated.

2.6. Interventions

HFNCwas administered with large or medium bi-nasal tips using an
Airvo2→ system (HFNC system/ Fisher&Paykel Healthcare). The flow
was initially set to 60 L/min, the temperature to 31 °C, and FIO2 was
titrated to maintain a SpO2 of at least 92 %. The flow, FIO2 and
temperature were adjusted according to the patient's tolerance and
clinical response.

NIV was administered through an oronasal mask in continuous pos-
itive airway pressure (CPAP) mode using a specialized device (Astral
150/Resmed). Initial settings included a positive end-expiratory pres-
sure (PEEP) of 5–10 cm H₂O, with FiO2 titrated to maintain an
SpO2 ≥ 92 %.

HFNC and NIV were continued for at least two hours unless clinical
deterioration required earlier additional intervention, such as intuba-
tion. The protocol was to switch to a nasal cannula if clinical treatment
endpoints were achieved (RR < 24 breaths/min, SpO2 > 92 % and
decreased WOB); however, all patients completed the 2-h treatment
duration. If patients could not tolerate or clinically benefit from the
assigned treatment with evidence of persistent or worsening respira-
tory symptoms (e.g., increased respiratory rate, elevated CO2 levels,
decreased SpO2), a switch to alternative oxygen-ventilation methods
was allowed. All patients received standard medical treatment for
ACPE, including intravenous diuretics and nitrate derivatives according
to established guidelines.

Modified Borg Dyspnea Scale (MBDS)was used tomeasure patients'
dyspnea levels. MBDS is a scale ranging from 0 to 10 that can provide
quick and simple information about patients' subjective state of short-
ness of breath [23]. It has also been found to have a strong positive cor-
relation with other clinical parameters and dyspnea scales (Numerical
Rating Scale and Dyspnea-12) [24]. A score change of one or more on
theMBDS is considered to be clinically significant [23,24]. The attending
physicians and nurses asked and charted the patients' MBDS ratings at
baseline and at 120 min. No masking was also possible for the 2nd
hour evaluation of the patients.

2.7. Outcomes

The primary outcomeof our studywas the comparison of the change
in RR after 120 min of treatment, which was accepted as a surrogate
endpoint of improvement in respiratory failure. The secondary out-
comes included changes in vital signs (RR, SpO2, SBP, DBP), blood gas
parameters (pH, PCO2, lactate), andMBDSwithin 120min. All outcomes
were assessed and reported using both per-protocol and intent-to-treat
approaches.
ty de ClinicalKey.es por Elsevier en enero 04, 2026. Para uso 
 Copyright ©2026. Elsevier Inc. Todos los derechos reservados.



E. Altunbas, N. Bayram, E. Unal et al. American Journal of Emergency Medicine 98 (2025) 93–99
2.8. Sample size estimation

At the time of study planning, no published studies had directly
compared HFNC and NIV in the ED for the management of ACPE.
Therefore, the sample size calculation was based on data derived from
a previous study, which compared the efficacy of helmet-type NIV and
HFNC in a similar clinical context [2]. To estimate the required sample
size, we assumed a clinically meaningful difference in the primary
outcome (change in RR at 2 h) between the two groups. Specifically,
we hypothesized a mean RR reduction of 12 breaths/min in one group
versus 10 breaths/min in the other, with a common standard deviation
(SD) of 3.5 breaths/min. Based on these assumptions, considering loss to
follow-ups anddifference in the interventions,we estimated that a sam-
ple size of 90 patients per group (180 in total) would provide 90 %
power to detect this difference using a two-sided test with a type I
error rate (α) of 0.05. Sample size calculations were performed
using the G*Power statistical software (Universität Düsseldorf,
Germany) [25].

2.9. Statistical analysis

Analyses were conducted on an intention-to-treat (ITT) basis; per-
protocol (PP) results were also reported for comparison. No data was
missing for the primary outcome. The last observation carried forward
(LOCF) approach was used for missing data in consecutive measure-
ments. For the PP approach, patients whohad been switchedwere eval-
uated in the group where they had been treated for a longer period.
Baseline continuous variables were presented as mean (SD) or median
(IQR), and categorical variables as n (%). The between-groups
Fig. 1. Patient
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differences were calculated using the change of each group and re-
ported as mean or median differences with 95 % confidence intervals
(CI). We considered differences statistically significant if the 95 % CI
did not cross zero. Effect sizes of differences and ratios were reported
with their 95 % CI. The accepted Type 1 error in this study was 5 %.
Graphs were produced using GraphPad Prism 10.4.1 (GraphPad Soft-
ware Inc., San Diego, California). Statistical analyses were performed
using Jamovi version 2.3.26 (The Jamovi Project, Australia).

3. Results

3.1. Characteristics of study subjects

During the recruitment period, we screened 1376 patients and ran-
domized 178 patients in the study (see CONSORT flow diagram, Fig. 1).

Baseline characteristics were similar among the study groups
(Table 1).

Twenty-nine patients had a treatment switch, with sixteen moved
from HFNC to NIV and thirteen from NIV to HFNC. HFNC was switched
to NIV at the discretion of the physician due to lack of efficacy in eleven
patients and clinical impairment in five patients, while NIV was
switched to HFNC due to discomfort in eight patients, lack of efficacy
in four patients, and clinical impairment in one patient. Intubation oc-
curred in two patients from the HFNC group and one patient from the
NIV group.

Patients whose treatments switched were analyzed based on which
treatment they received for a longer duration in PP. Therefore, six pa-
tients were assigned to the HFNC group and one patient to the NIV
group in the PP analysis.
flowchart.
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Table 1
Baseline Demographics and Clinical Characteristic.

Baseline Variables Treatment Groups (ITT)

HFNC (n = 90) NIV (n = 88) Difference (95 % CI)

Age (years), median (IQR) 70.5 (64; 78) 68 (60; 75) 3 (−1–6)
Female sex, n (%) 49 (54.4) 51 (57.9) 0.04 (−0.11 to 0.18)
CPD, n (%) 35 (38.8) 36 (49.0) 0.02 (−0.13 to 0.17)
HT, n (%) 86 (95.5) 79 (89.7) −0.21 (−0.48 to 0.05)
DM, n (%) 53 (58.8) 45 (51.1) −0.08 (−0.23 to 0.07)
Active Cancer, (%) 13 (14.4) 9 (10.2) −0.01 (−0.33 to 0.12)
RR, bpm, median (IQR) 34 (30; 38) 33.5 (30; 37) 0 (−0 to 2)
MAP, mmHg, median (IQR) 138 (122; 150) 143 (130; 156) −5 (−11 to 1)
SaO2, %, median (IQR) 89 (85; 91) 90 (85; 92) −1 (−2 to 0)
MBDS, median (IQR) 7 (6; 9) 7 (6; 9) 0 (−0 to 1)
pH, median (IQR) 7.3 (7.27; 7.31) 7.29 (7.27; 7.31) 0 (−0.01 to 0.01)
⁎PCO2, median (IQR) 54 (50; 61) 54 (47; 60) 2 (−2 to 5)
⁎Lactate, mmol/L, median (IQR) 3.2 (2.6; 4) 3.1 (2.4; 3.8) 0.1 (−0.2 to 0.5)
Creatinine, mg/dL, median (IQR) 1.2 (0.8; 1.5) 1.14 (0.8; 1.4) 0.09 (−0.07 to 0.2)
Troponin, ng/L, median (IQR) 19 (13; 41) 17.5 (11; 24) 2.63 (−0 to 6)

CPD, chronic pulmonary disease; DM, diabetes mellitus; HFNC, high-flow nasal cannula; HT, hypertension; IQR, interquartile range; ITT, Intent-to-Treat; MAP; mean arterial pressure;
MBDS, modified borg dyspnea scale; NIV, non-invasive ventilation; PCO₂, partial carbon dioxide; RR, respiratory rate; SaO₂, oxygen saturation.
⁎ Analyzed in 75 patients from both groups with interpretable arterial blood gas data.
3.2. Main results

The baseline respiratory rate in the HFNC and NIV groups was 34
(IQR, 30; 38) and 33.5 (IQR, 30; 37) breaths/min, respectively. In ITT
and PP analyses, the mean changes at 120 min were similar for both
groups (Table 2). There was no difference between respiratory rates
and mean changes at the 30th, 60th, and 120th minutes (Fig. 2 and
supplementary table 1).

In addition, changes in other vital and blood gas parameters
recorded during the follow-up period and improvements in patients'
dyspnea levels did not show any statistically significant differences
between the groups (Table 2 and supplementary fig. 1).

4. Discussion

In this randomized study of patients presenting to the EDwith ACPE,
we compared NIV and HFNC with respect to improvement in respira-
tory distress symptoms and arterial blood gas parameters. At the end
Table 2
Comparison of outcomes in treated patients with NIV and HFNC.

Outcomes Intent-to-Treat Analyses

HFNC
(n = 90)

NIV
(n = 88)

Difference

Change in the respiratory rate (breaths/min)
0th - 120th min, mean (±SD) 8 (4) 7.7 (3.3) 0.37 (−0.

Change in the MAP (mmHg)
0th - 120th min, mean (±SD) 34.8 (17.4) 38.4 (22.1) −3.58 (−

Change in the SaO2 (%)
0th - 120th min, mean (±SD) −8.1 (3.7) −7.6 (5.4) −0.46 (1.

Change in pH
0th - 120th min, mean (±SD) −0.04 (0.03) −0.04 (0.03) 0 (−0.01

Change in PCO2 (mmHg)
0th - 120th min, mean (±SD) a9.3 (6.2) a9.3 (5.8) −0.01 (−

Change in the Lactate (mmol/L)
0th - 120th min, mean (±SD) a1.1 (0.8) a1 (1) 0.14 (−0.

Change in the MBDS
0th - 120th min, mean (±SD) a3.1 (1.7) a3.2 (1.3) −0.13 (−

Hospitalization, n (%) 71 (78.8) 72 (81.8) 0.05 (−0.

SD, standard deviation; CI, confidence interval; HFNC, high-flow nasal cannula; IQR, interquart
vasive ventilation; PCO₂, partial carbon dioxide; SaO₂, oxygen saturation.

a Analyzed in 75 patients with interpretable arterial blood gas data.
b Analyzed in 79 patients with interpretable arterial blood gas data.
c Analyzed in 71 patients with interpretable arterial blood gas data.
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of the two-hour treatment period, there was no statistically significant
difference between the NIV and HFNC groups in terms of respiratory
rate reduction, the primary outcome. Similarly, dyspnea scores,
assessed using a validated scale, did not differ between the two inter-
ventions.

There are several studies in the literature comparing HFNC and NIV
in patients with acute hypoxemic or hypercapnic respiratory failure.
These studies generally used in-hospital mortality, intubation rates, or
blood gas parameters as endpoints [12,15,16]. The meta-analysis by
Chaudhuri et al., published in 2023, evaluated 9 studies and found that
HFNC and NIV may be similarly effective in reducing the need for intu-
bation in patients with acute hypoxemic respiratory failure. However, it
was emphasized that an effective evaluation according to the specific
causes of the etiology of hypoxemic respiratory failure was not possible
due to the small number of patients and data and the clinical and statis-
tical heterogeneity of the studies included in the meta-analysis [15]. In
the meta-analysis by Ovtcharenko et al. comparing these two ventila-
tion methods in patients with hypercarbic respiratory failure, it was
Per-Protocol Analyses

(95 % CI) HFNC
(n = 95)

NIV
(n = 83)

Difference (95 % CI)

71 to 1.46) 8 (4) 7.8 (3.2) 0.21 (−0.88 to 1.30)

9.46 to 2.30) 34.6 (17.1) 38.9 (22.6) −4.38 (−10.37 to 1.61)

84 to 0.91) −8.1 (3.7) −7.6 (5.5) −0.53 (−1.90 to 0.85)

to 0.01) −0.04 (0.03) −0.04 (0.03) 0 (−0.01 to 0.01)

1.94 to 1.91) b8.9 (6.6) C9.7 (5.2) −0.79 (−2.72 to 1.13)

14 to 0.42) b1.1 (0.8) C1 (0.9) 0.09 (−0.19 to 0.37)

0.59 to 0.33) b3.1 (1.7) c3.3 (1.3) −0.19 (−0.65 to 0.27)
14 to 0.23) 76 (80.0) 67 (80.7) 0.01 (−0.17 to 0.20)

ile range; MAP, mean arterial pressure; MBDS, modified Borg dyspnea scale; NIV, non-in-
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Fig. 2. Respiratory rate at time points within 120th minutes after initiation of oxygen-ventilation support.
mentioned that the evidence was insufficient to determine whether
HFNC could be an alternative to NIV, and again the heterogeneity of
the study populations was mentioned [12].

Two similar studies comparing HFNC and NIV in patients with ACPE
reported contradictory results. In the study conducted by Osman et al.,
NIV performed better than HFNC in terms of changes in respiratory
rate and improvement on the dyspnea scale; in contrast, in the study
by Marjanovic et al., no statistically significant difference was observed
between the groups regarding these parameters, and HFNC provided
better comfort than NIV in this patient group [2,9]. This may be due to
the helmet-type CPAP utilized by Osman et al. in their study, which re-
sults in reduced air leakage, not affected by facial features and is more
97
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comfortable compared to oro-nasal CPAP. However, it should be kept
in mind that helmet-type CPAP also has disadvantages, and ora-nasal
CPAP is still used in many EDs [17]. In our study, we found that HFNC
and NIV provided similar benefits in improving these two parameters
in patients with ACPE. In addition, there was no significant difference
in blood gas pH and lactate levels between HFNC and NIV-treated pa-
tients at baseline and after treatment. These results suggest that HFNC
improves both oxygenation and ventilation at least as well as NIV.

A recentmeta-analysis byMarjanovic et al. compared HFNC andNIV
for treatment failure in patients treated for respiratory failure due to
acute heart failure and showed that HFNC was not associated with a
higher risk of treatment failure in the initial management of patients
ty de ClinicalKey.es por Elsevier en enero 04, 2026. Para uso 
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[10]. In our own study, we observed more patients to have treatment
switches in the HFNC group, but this did not result in a statistical differ-
ence in either ITT or PP analysis between the two groups. Especially in
patients treated with HFNC, it is necessary to keep the mouth closed
during treatment in order to generate effective PEEP with airflow and
to wash the dead spaces of CO2. Furthermore, even when applied
correctly, HFNC cannot generate the same level of PEEP as NIV [15].
This may explain the lack of efficacy and clinical deterioration observed
in the HFNC group. Nonetheless, there are also some challenges associ-
ated with the use of NIV. As in the patients in our study, tolerance is
more difficult, and anatomical differences on the face and mask selec-
tions can cause air leaks. This situation reduces the effectiveness of NIV.

4.1. Limitations

This study was conducted at a single tertiary care center in Turkey,
whichmay limit the generalizability of thefindings to other populations
or practice settings. Future multicenter trials involving diverse geo-
graphic and demographic populations are warranted to account for po-
tential ethnic, genetic, or sociocultural differences that may influence
the response to noninvasive respiratory support in acute cardiogenic
pulmonary edema (ACPE).

Second, although both study arms followed a standardized treat-
ment protocol, there may have been variability in the use and timing
of adjunctive therapies such as diuretics and vasodilators (e.g.,
nitrates), which could have impacted the resolution of pulmonary
edema and confounded the observed effects of the respiratory sup-
port modalities. Third, due to the nature of the interventions,
blinding of treating clinicians, patients, and bedside staff was not
feasible, which introduces a risk of performance and detection
bias. However, outcome assessors remained blinded to group alloca-
tion until the completion of data entry and analysis to reduce poten-
tial bias in outcome assessment. Nevertheless, awareness of being
observed in a clinical trial (Hawthorne effect) may have influenced
provider behavior or patient adherence, potentially improving care
beyond routine standards and limiting external validity.

Fourth, the primary outcome was assessed at two hours; this short
observation window may not fully capture the trajectory of clinical
improvement or deterioration. It is possible that additional changes in
respiratory status or escalation of care occurred after the follow-up pe-
riod, including intubation, ICU admission, hospital length of stay, or
mortality -none of which were assessed in this study.

Fifth, we did not collect long-term outcome data such as rehospital-
ization, need for mechanical ventilation, or 30-day mortality. Future
studies should incorporate these endpoints to better evaluate the
sustained impact of HFNC and NIV in the management of ACPE.

Finally, the last two participants appointed to receive NIV per the
randomization list were excluded from the study due to the depletion
of ventilator sets necessary for NIV administration in our hospital. As a
result, the NIV group was included in the analysis with two missing
patients.

5. Conclusion

In conclusion, despite amore severe patient population compared to
patients in previous studies, no difference was found between HFNC
and NIV in reducing the symptoms and signs of respiratory failure,
with oxygen-ventilation support in patients with acute cardiogenic pul-
monary edema. Considering that HFNC provides better patient tolera-
bility and comfort, it can be considered as an alternative to NIV in this
specific patient population.
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