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Abstract
Background: Type 2 respiratory failure (T2RF) is a common and high-risk presentation in the emergency department (ED).
Noninvasive positive pressure ventilation (NIPPV) is a standard first-line therapy for T2RF, particularly in acute exacerbations
of chronic obstructive pulmonary disease and cardiogenic pulmonary edema. However, NIPPV has limitations, including
discomfort, claustrophobia, air leaks, skin injury, and aspiration that may compromise tolerance and lead to treatment failure
or escalation to endotracheal intubation. High-velocity nasal insufflation (HVNI), particularly via a single-prong asymmetric
cannula configuration, has been proposed to enhance dead-space washout and improve patient comfort. Despite growing
interest, robust evidence of evaluation of HVNI in heterogeneous, all-cause T2RF populations in the ED remains limited.
Objective: This study aims to determine whether HVNI delivered via a single-prong nasal cannula is noninferior to standard
NIPPV in improving ventilation among adult ED patients with T2RF from any cause.
Methods: This is a single-center, open-label, noninferiority randomized controlled trial conducted in the ED of a tertiary
academic center. Adults aged 21 years and above with T2RF, defined as partial pressure of carbon dioxide (PaCO2) above
45 mm Hg and pH below 7.35 requiring ventilatory support, will be randomized 1:1 to HVNI via a single-prong cannula
or standard NIPPV. Allocation will be concealed via an independent web-based platform using variable block sizes. The
primary outcome is percentage change in PaCO2 from baseline to 60 minutes after initiation of therapy. A total of 84
patients provide 80% power and one-sided α of 2.5% assuming an SD of 6.65% and noninferiority margin of 4.3%. Analyses
will use intention-to-treat and per-protocol approaches, and sensitivity analyses to address missing arterial blood gas results
will be conducted. Predefined failure criteria (persistent or worsening acidosis, rising PaCO2, refractory hypoxemia, severe
intolerance, and clinical deterioration) will trigger crossover or escalation per protocol.
Results: Ethics approval was granted by the local institutional ethics board on February 24, 2025 (reference 2024-4329).
Recruitment commenced in January 2026 and is expected to be completed by June 2027. As of July 2026, a total of 19
participants have been enrolled out of a target sample of 84. Data analysis will commence following completion of enrollment,
with results expected to be published by 2028.

JMIR RESEARCH PROTOCOLS Chua et al

https://www.researchprotocols.org/2026/1/e93391 JMIR Res Protoc 2026 | vol. 15 | e93391 | p. 1
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e93391


Conclusions: Should HVNI via a single-prong cannula be shown to be noninferior to NIPPV, it may offer a practical
alternative to treatment of T2RF in the ED when mask-based interfaces are poorly tolerated or contraindicated, potentially
reducing the need for more invasive interventions such as endotracheal intubation and mechanical ventilation.
Trial Registration: ClinicalTrials.gov NCT07065656; https://clinicaltrials.gov/study/NCT07065656
International Registered Report Identifier (IRRID): DERR1-10.2196/93391

JMIR Res Protoc 2026;15:e93391; doi: 10.2196/93391
Keywords: randomized controlled trial; respiratory acidosis; nasal oxygenation; hospital emergency service; noninvasive
ventilation

Introduction
Acute respiratory and cardiac conditions are frequently
encountered in the emergency department (ED), ranging
from mild to life-threatening presentations. Among patients
who are critically ill, a substantial proportion present
with hypercapnic, or type 2, respiratory failure (T2RF)
[1]. Common etiologies include acute exacerbations of
chronic obstructive pulmonary disease (COPD), pneumonia,
congestive cardiac failure, restrictive lung disease, neuromus-
cular disease, and opioid or benzodiazepine use [2]. Early,
effective ventilatory support in the ED can improve patient-
centered outcomes by reducing work of breathing, correcting
gas exchange, and potentially averting endotracheal intuba-
tion [3].

Noninvasive positive pressure ventilation (NIPPV) is a
standard first-line treatment modality for T2RF, particularly
in COPD exacerbations and cardiogenic pulmonary edema
[4]. By providing inspiratory positive airway pressure (IPAP)
and expiratory positive airway pressure (EPAP), NIPPV
improves ventilation, reduces the work of breathing, and
can correct acidosis. However, NIPPV has limitations that
can affect effectiveness and tolerance, including mask-related
discomfort and claustrophobia; nasal bridge skin abrasions;
dry and nonhumidified air resulting in airway mucosal injury;
gastric distension; aspiration; air leaks; and challenges with
secretion clearance, oral intake, and communication, which
may lead to therapeutic failure [5,6]. Treatment failure often
necessitates endotracheal intubation, with its attendant risks
such as peri-intubation hypotension and cardiac arrest and
longer-term risk of ventilator-associated complications [7].

High-flow nasal therapy delivers heated, humidified gas
at high flow rates via nasal cannula. Compared to conven-
tional low-flow oxygen, it improves comfort and tolerance,
provides a small degree of positive airway pressure, reduces
entrainment of room air, and may decrease the metabolic
cost of conditioning inspired gas [8]. In hypoxemic respi-
ratory failure, high-flow therapy has been associated with
reduced intubation compared to conventional oxygen [9,10].
In contrast, evidence in T2RF is mixed and has focused
largely on COPD, with uncertainty about the equivalence or
superiority relative to NIPPV [11].

High-velocity nasal insufflation (HVNI) is a specific
implementation of high-flow therapy that uses smaller-bore
cannulae to deliver higher-velocity flow, generating greater
nasopharyngeal pressure at comparable flow rates and

enhancing washout of extrathoracic dead space [12]. Early
studies suggest that HVNI may be noninferior to NIPPV
for composite outcomes such as the need for intubation in
mixed populations, with preliminary subgroup findings in
patients with T2RF; however, these analyses are limited
by design (eg, subgroup or post hoc) and predominance
of COPD [13,14]. A single-prong asymmetric-flow nasal
cannula design (Unicorn; Vapotherm Inc) has been pro-
posed to facilitate carbon dioxide (CO2) egress and improve
dead-space clearance at lower total flow rates, which may
be advantageous for patients with unilateral nasal patency,
facial trauma, or indwelling tubes [15]. Clinical trial data
demonstrating ventilation benefits of such single-prong HVNI
in T2RF are currently lacking.

While high-flow modalities are generally well tolerated,
they are not without risk. Reported adverse effects include
nasal dryness or irritation, epistaxis, and rare barotrauma
[16,17]. Other considerations include infection control and
aerosol generation, which depend on interface fit and clinical
context [18,19]. Balanced against the known limitations and
intolerance of NIPPV, there is a clear rationale to test whether
HVNI can provide comparable ventilatory efficacy in the ED
while maintaining better tolerability.

This noninferiority randomized controlled trial is designed
to determine whether HVNI delivered via nasal cannula in
a single-prong configuration is noninferior to NIPPV for
improving ventilation in ED patients with T2RF from any
cause. We hypothesize that HVNI will be noninferior to
NIPPV with respect to reduction in partial pressure of CO2
(PaCO2) over an early, clinically relevant time frame, with
secondary outcomes including intubation, treatment tolerance,
and safety.

Methods
Study Design and Setting
This will be a single-center, noninferiority, open-label
randomized controlled trial conducted in the Emergency
Medicine Department of National University Hospital,
Singapore, a 1225-bed tertiary academic medical center with
24/7 specialist coverage and approximately 110,000 annual
attendances. Adult patients aged 21 years and above requiring
NIPPV for T2RF due to any cause will be randomized
to HVNI or NIPPV. The trial has been registered in Clin-
icalTrials.gov (NCT07065656). The protocol was prepared
in accordance with the SPIRIT (Standard Protocol Items:
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Recommendations for Interventional Trials) 2025 statement
[20]. The SPIRIT participant timeline is shown in Figure 1.

Figure 1. SPIRIT (Standard Protocol Items: Recommendations for Interventional Trials) 2025 schedule of enrollment, interventions, and assessments
for a noninferiority randomized controlled trial. *Emergency waiver with delayed consent may be obtained from the patient or legally acceptable
representative at the earliest opportunity.

Ethical Considerations
This study received ethics approval from the National
Healthcare Group Domain Specific Review Board (reference
2024-4329) on February 24, 2025. Because patients with
T2RF are deemed critically ill and hypoxia may affect their
mental capacity, informed consent will be obtained from a
legally acceptable representative (LAR) where feasible prior
to randomization. If an LAR is unavailable and enrollment
cannot be delayed, patients will be enrolled under emergency
waiver, with delayed consent obtained from the LAR or the
patient at the earliest opportunity prior to hospital discharge.
This approach complies with Singapore’s regulations for
clinical trials under emergency situations [21]. The waiver
and delayed consent will be certified by a study investigator

and an independent emergency medicine specialist. Individual
participant data will be deidentified prior to sharing.
Eligibility Criteria
Adult patients aged 21 years and above with T2RF, defined
as arterial blood gas (ABG) showing PaCO2 above 45 mm
Hg with pH below 7.35 due to any cause for whom ventila-
tory support is indicated in the ED will be included. Patients
with do-not-resuscitate orders are eligible if NIPPV use is
permitted. The clinical indications for initiating ventilatory
support are identical for both HVNI and NIPPV in this
trial as both modalities target the same pathophysiology
of acute hypercapnic respiratory failure requiring augmen-
ted ventilation. The following patients will be excluded:
patients with do-not-resuscitate orders that specifically do
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not allow for NIPPV, clinical suspicion or confirmed base
of skull fracture or severe facial trauma precluding mask
or cannula placement, vulnerable patient populations (eg,
pregnant women or prisoners), refusal of consent (by the
patient or LAR), hemodynamic instability requiring immedi-
ate resuscitation (eg, systolic blood pressure <90 mm Hg after
initial fluids), cardiac or respiratory arrest, and immediate
need for endotracheal intubation as judged by the attending
physician. Additional exclusion criteria include contraindi-
cations specific to either modality: complete nasal obstruc-
tion or anatomical abnormalities precluding nasal cannula
placement (contraindication to HVNI), recent upper-airway
or esophageal surgery (contraindication to both NIPPV and
HVNI), undrained pneumothorax (contraindication to positive
pressure ventilation), active uncontrolled upper gastrointes-
tinal bleeding with high aspiration risk, and inability to
protect the airway (eg, excessive secretions with absent cough
reflex).
Randomization and Allocation
Concealment
Enrollment will be through convenience sampling of eligible
ED patients triaged as “urgent” or “immediate.” All study
investigators are full-time clinicians with an average of 16
to 20 shifts per month to cover as many shifts as possi-
ble for enrollment. Participants will be randomized 1:1 to
HVNI or NIPPV using variable block sizes generated by
an independent web-based platform [22]. The specific block
sizes are not disclosed in this manuscript to prevent predic-
tion of the allocation sequence. Allocation will be implemen-
ted via sealed, opaque, sequentially numbered envelopes,
with allocation concealment maintained until randomization
is completed.
Blinding
Due to the nature of the interventions, participants, treating
clinicians, and bedside nursing staff cannot be blinded to
group allocation. ABG is analyzed at the bedside using
i-STAT Alinity (Abbott Laboratories). Device allocation will
not be recorded on ABG stickers or forms to minimize
detection bias. The data analyst performing the primary and
secondary outcome analyses will also be blinded to treat-
ment allocation and will receive deidentified datasets with
treatment arms coded (eg, group A and group B) without
revealing the intervention assignment. Data entry staff who
are not involved in clinical care will be trained to abstract
outcomes using standardized case report forms (CRFs).
Nevertheless, the primary outcome evaluated is objective and
should not be confounded by lack of blinding [23].
Interventions
In the HVNI arm, patients will receive oxygen therapy
through the Vapotherm high-velocity therapy 2.0 via a
single-prong nasal cannula (Unicorn). Initial settings are flow
rate of 35 L per minute [14], temperature of 37 °C, and
fraction of inspired oxygen (FiO2) titrated up to 1.0 to achieve
target oxygen saturation (SpO2). The titration algorithm will
be to maintain flow rate at 35 L per minute when tolerated to
optimize CO2 washout. If intolerance occurs (eg, agitation or

discomfort), stepwise reduction in flow by 5 L per minute
will be performed to the minimally tolerated level while
maintaining target SpO2. Adjustments in temperature and
FiO2 will be up to the attending physician’s discretion to
achieve the target SpO2 value. Flow rate may be uptitrated
as tolerated upon assessment of respiratory rate, work of
breathing, and comfort. Study investigators will verify that
the single-prong cannula remains securely positioned in the
nostril and has not been dislodged due to patient move-
ment. Mouth state (open vs closed) will be recorded at each
assessment time point as open-mouthed breathing may reduce
the effectiveness of nasopharyngeal dead-space washout. If
the cannula is found to be displaced, it will be repositioned
immediately, and the event will be documented. Persistent
inability to maintain cannula position will be recorded as a
protocol deviation.

In the NIPPV arm, patients will receive ventilation through
the Respironics V60 respirator (Philips Healthcare) with an
oronasal mask of appropriate size. Initial settings are IPAP of
12 to 20 cm H2O, EPAP of 5 to 10 cm H2O, and FiO2 of up
to 1.0 to achieve the target SpO2. The titration algorithm will
be to adjust IPAP to alleviate dyspnea and reduce respiratory
rate and PaCO2, adjust EPAP for oxygenation and to counter
intrinsic positive end-expiratory pressure when indicated, and
optimize mask fit to minimize leak.

Cointerventions such as bronchodilators, systemic steroids,
antibiotics, diuretics, and other standard-of-care therapies are
permitted as clinically indicated and should follow depart-
mental protocols. To reduce confounding, all cointerventions
will be documented with time stamps. Initiation of major
therapy changes will be avoided within 10 minutes preceding
scheduled ABG draws when clinically safe.

Oxygen Targets and Monitoring
All patients will be put on continuous pulse oximetry. For
presumed acute respiratory acidosis without known chronic
hypercapnia, SpO2 will be maintained above 95%, and
for known or suspected chronic hypercapnia with acute
decompensation, SpO2 will be kept between 88% and 92%.
Each patient’s target range will be declared at baseline
and maintained throughout the initial 60-minute assessment
window unless clinical changes require adjustment. FiO2
will be titrated to maintain the declared target. Physiologic
monitoring will include vital signs per ED standard, with
respiratory rate recorded at baseline, 30 minutes, and 60
minutes.

Rescue, Failure, and Crossover Criteria
The independent attending physician may change modality or
escalate care if deterioration occurs. To standardize deci-
sions, treatment failure is defined by any of the following:
persistent or worsening acidosis (pH decrease ≥0.03 from
baseline or pH <7.25 with respiratory rate of >30 breaths
per minute after 30 minutes of therapy, PaCO2 increase ≥5
mm Hg at 30 minutes compared with baseline, and SpO2
persistently below target for >5 minutes despite FiO 2≥0.8
[or the maximal tolerated settings]), severe intolerance to
the device (eg, sustained agitation or inability to tolerate
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the interface) despite comfort measures, and clinical signs of
impending respiratory failure (eg, decreasing consciousness,
marked fatigue, and hemodynamic deterioration). Intubation
criteria follow departmental standards for acute respiratory
failure and will be applied consistently in both arms. All
crossovers and intubations will be recorded with timing and
reason.
Outcome Measures
The primary outcome is the percentage change in PaCO2
from baseline to 60 minutes after initiation of therapy.

Baseline is defined as the pretreatment ABG obtained before
initiation of the assigned therapy (HVNI or NIPPV). This
ensures that the primary outcome reflects the ventilatory
effect of the intervention itself. The 30- and 60-minute
assessment time points are measured from the time of therapy
initiation. The ABG results and other variables (Table 1) to
be collected will be documented in real time on paper-based
CRFs by trained study investigators.

Table 1. Summary of recorded patient variables in a noninferiority randomized controlled trial comparing high-velocity nasal insufflation (HVNI)
vs noninvasive positive pressure ventilation (NIPPV) for type 2 respiratory failure in adult emergency department patients at National University
Hospital, Singapore.
Variables Measure
Primary outcome measure • Change in PaCO2a at 60 min obtained after initiation of HVNI or NIPPV compared to baseline (before initiation of

therapy)
Secondary outcome
measures

• Change in PaCO2 at 30 min compared to baseline
• Changes in respiratory rate 30 and 60 min after initiation of HVNI or NIPPV
• Modified Borg Dyspnea Scale at 30 and 60 min
• Treatment failure
• Conversion to another modality of oxygenation
• Requirement for intubation in the emergency department
• Adverse events due to therapy

Demographics • Age
• Gender
• Ethnicity
• BMI

Comorbidities • Congestive cardiac failure
• Ischemic heart disease
• Atrial fibrillation
• Chronic obstructive pulmonary disease
• Asthma
• Obstructive sleep apnea
• Diabetes mellitus
• Bronchiectasis
• Restrictive lung disease
• Neuromuscular disease
• Opioid or benzodiazepine use

Vital signs • Temperature
• Heart rate
• Respiratory rate
• Systolic and diastolic blood pressure
• Mean arterial pressure
• Glasgow Coma Scale

Investigations • Chest x-ray findings
• Arterial blood gas results at 0, 30, and 60 min

Clinical course and
secondary clinical outcomes • Emergency department diagnosis

• Hospital inpatient discharge diagnosis
• Length of intensive care unit stay (if any)
• Length of hospital stay
• Inpatient mortality

aPaCO2: partial pressure of carbon dioxide.

Percentage change (relative difference) as the primary
outcome was selected to account for the wide range of
baseline PaCO2 values expected in a heterogeneous, all-
cause T2RF population. An absolute change in PaCO2 may

disproportionately favor patients with higher baseline values
as they have greater room for absolute reduction. The
percentage change normalizes the treatment effect relative
to each patient’s starting value, facilitating more equitable

JMIR RESEARCH PROTOCOLS Chua et al

https://www.researchprotocols.org/2026/1/e93391 JMIR Res Protoc 2026 | vol. 15 | e93391 | p. 5
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e93391


comparison across the spectrum of disease severity. To
address the potential limitation of relative outcomes, a
prespecified sensitivity analysis using absolute change in
PaCO2 at 60 minutes will be conducted to confirm the
robustness of the primary finding.

Secondary outcomes include the following: percentage
change in PaCO2 from baseline to 30 minutes; change in
respiratory rate at 30 and 60 minutes; modified Borg Dyspnea
Scale (0-10) at 30 and 60 minutes [24]; proportion of
treatment failure (as defined above), conversion to another
modality of oxygenation, and need for intubation in the ED;
adverse events due to therapy rendered (eg, facial pressure
injury, vomiting, or aspiration); length of intensive care unit
(ICU) and hospital stay; and inpatient mortality. Inpatient
mortality will be assessed at hospital discharge. ICU length
of stay (if applicable) and total hospital length of stay will be
recorded in days from the date of ED presentation to the date
of ICU discharge and hospital discharge, respectively. These
data will be abstracted from the electronic health record
(EHR) following patient discharge.
Sample Size
A total of 84 patients (42 per group) will be enrolled to
provide 80% power and one-sided α of 2.5% to demonstrate
noninferiority [25] assuming an SD of 6.65% for percentage
change in PaCO2 levels before and after treatment [26] and
a noninferiority margin of 4.3%. The sample size includes
an estimated 10% allowance for missing primary end point
data. The noninferiority margin of a 4.3% absolute difference
in percentage change was informed by clinician judgment
(number of specialist accredited [board-certified] emergency
physicians, n=14) of clinically acceptable differences and
literature on PaCO2 responses to NIPPV. For example,
emergency physicians opined that a change from 70 mm
Hg to 63 mm Hg using HVNI (−10.0%) was considered
noninferior to a change in PaCO2 from 70 mm Hg to 60 mm
Hg after treatment with NIPPV (−14.3%).
Statistical Analysis Overview
The primary analysis will follow an intention-to-treat
approach, with supportive per-protocol analysis excluding
major deviations (eg, early crossovers or missing postbase-
line ABG values) and a safety set analyzed as treated. The
main end point, percentage change in PaCO2 at 60 minutes,
will be assessed using analysis of covariance (ANCOVA)
adjusting for baseline PaCO2 and prespecified covariates
(eg, etiology, baseline pH, and age). Noninferiority will be
concluded if the upper bound of the 2-sided 95% CI for
the HVNI–NIPPV adjusted difference is below the 4.3%
margin. A prespecified sensitivity analysis will repeat the
primary ANCOVA model using absolute change in PaCO2 at
60 minutes as the dependent variable to assess whether the
conclusions are robust to the choice of relative vs absolute
outcome metric. Secondary endpoints (percentage PaCO2
changes at 30 minutes, respiratory rate, and modified Borg
Dyspnea Scale) will use similar adjusted models, whereas
binary outcomes (treatment failure, intubation, and adverse
events) will be compared using chi-square or Fisher exact
tests and logistic regression, and length of stay and mortality

will be assessed via nonparametric or time-to-event and
logistic methods. Missing data handling will focus primarily
on the primary outcome (percentage change in PaCO2 at 60
minutes). Missing 60-minute ABG results may occur due to
early treatment crossover, intubation before the 60-minute
time point, patient refusal of repeat ABG, or technical
failure of the ABG analyzer. Multiple imputation by chained
equations will be performed, with the imputation model
including baseline PaCO2, baseline pH, treatment arm, age,
etiology, respiratory rate, and 30-minute PaCO2 (if available).
A minimum of 20 imputed datasets will be generated, and
results will be pooled using the Rubin rules.

Sensitivity analyses will include (1) complete-case
analysis (excluding participants with missing primary
outcome data) and (2) worst-case imputation for the HVNI
arm (assigning the worst observed percentage change to
missing values in the HVNI arm and the best observed
percentage change to missing values in the NIPPV arm),
which is a conservative approach for noninferiority tri-
als. Baseline covariates with missing data (expected to
be minimal) will be handled through multiple imputation
within the same multiple imputation by chained equations
framework. Missing secondary outcomes will be analyzed
using available data, with the extent of missingness reported
for each outcome. Secondary endpoints will be treated as
exploratory without formal multiplicity adjustment.

Prespecified exploratory subgroup analyses will be
conducted to assess potential heterogeneity of treatment
effect. Subgroups will include (1) COPD vs non-COPD
etiology, (2) baseline PaCO2 strata (eg, 45‐60 mm Hg vs
>60 mm Hg), and (3) baseline pH strata (eg, 7.25‐7.35
vs <7.25). Subgroup effects will be evaluated by includ-
ing interaction terms (subgroup × treatment) in the pri-
mary ANCOVA model. These analyses are exploratory and
hypothesis generating; the trial is not powered for subgroup
comparisons, and results will be interpreted with caution.
Data Collection and Management
Data will be recorded on paper-based standardized CRFs
using trial numbers only and will be stored under lock and
key with restricted access. Electronic data will be stored on
secure, access-controlled systems with password protection
and audit trails. The ABG samples will be analyzed at the
bedside using the i-STAT Alinity analyzer. The analyzer
generates a printed result slip that includes PaCO2, PaO2,
pH, bicarbonate, and other parameters with a time stamp.
The printed result slip will be attached to the paper-based
CRF for each participant. Should the printed result slip be
unavailable, illegible, or degraded over time, the ABG results
will be retrieved electronically from the analyzer and from the
patient’s EHR. Study investigators will transcribe key ABG
values onto the CRF in real time. Device settings (flow rate,
FiO2, and temperature for HVNI and IPAP, EPAP, and FiO2
for NIPPV) will also be recorded on the CRF at baseline,
30 minutes, and 60 minutes. Accordingly, the study CRF
serves as the primary source document to ensure complete
and accurate capture of primary outcome data.
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Apart from ABG readings, other variables and outcomes
as stated will be collected and followed up on through
electronic medical record review. To ensure data accuracy,
the following quality checks are in place: (1) double data
entry by 2 independent data entry staff members, with
discrepancy resolution; (2) programmed range and logic
checks during electronic data entry; (3) periodic source data
verification by the study coordinator comparing CRF entries
against ABG printouts and EHR records; and (4) audit trails
for all electronic data modifications.
Quality Assurance and Monitoring
Study investigators will undergo training on device appli-
cation, titration protocols, mask fitting and leak manage-
ment, and CRF completion. An independent data monitoring
and safety team within the institution will conduct peri-
odic reviews to assess protocol adherence, data complete-
ness, and safety. Any serious adverse events related to
the study interventions will be reported to the National
Healthcare Group Domain Specific Review Board per
institutional requirements. Quarterly adherence checks will

include verification of device settings, oxygen targets, ABG
timing windows, and documentation of cointerventions.

Results
The trial was prospectively registered in ClinicalTrials.gov
(NCT07065656) on July 15, 2025. Recruitment commenced
in January 2026 at the Emergency Medicine Department of
National University Hospital, Singapore. As of July 2026, a
total of 19 participants have been enrolled out of a target
sample of 84. Recruitment is expected to be completed by
June 2027. Data analysis will commence following comple-
tion of enrollment, with results expected to be published by
2028.

The completed trial will be reported according to the
CONSORT (Consolidated Standards of Reporting Trials)
2025 statement and its extension for noninferiority trials [27,
28]. The planned CONSORT flow diagram is illustrated in
Figure 2.

Figure 2. CONSORT (Consolidated Standards of Reporting Trials) 2025 flow diagram for a noninferiority randomized controlled trial comparing
high-velocity nasal insufflation (HVNI) vs noninvasive positive pressure ventilation (NIPPV) for type 2 respiratory failure in adult emergency
department patients at National University Hospital, Singapore.

Discussion
At comparable oxygen flow settings, HVNI may gener-
ate higher airway velocities than conventional high-flow
nasal oxygenation, potentially improving ventilatory support
while using similar oxygen flow. These characteristics could
translate into operational and sustainability advantages if
supported by measured reductions in cumulative oxygen

consumption and resource use in clinical practice. In this trial,
oxygen use and related resource metrics will be measured to
substantiate any such claims.

If HVNI is found to be noninferior to NIPPV, it could
offer a practical alternative in scenarios where mask-based
interfaces are poorly tolerated or contraindicated. Poten-
tial advantages include fewer mask-related skin injuries,
improved ability to communicate and take oral medications,
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and easier access for airway toileting and suctioning. These
hypotheses will be evaluated alongside safety outcomes,
recognizing that HVNI can have its own adverse effects (eg,
nasal discomfort, mucosal dryness, and epistaxis) and that
aspiration risk requires vigilance despite facilitated suction-
ing. Infection prevention measures appropriate for high-flow
therapies will be followed in accordance with institutional
policies.

In this study, HVNI will be delivered via a single-
prong cannula (Unicorn) as a novel treatment for T2RF
from all causes. We hypothesize that, through generation
of nasopharyngeal pressure and high-velocity flow, HVNI
may enhance extrathoracic dead-space washout and reduce
PaCO2, achieving ventilatory effectiveness that is noninfe-
rior to NIPPV in acute T2RF. Device setup, flow titration,
and monitoring will be standardized, with staff training to
promote consistent delivery and protocol fidelity.

This trial builds on existing work in several ways. A prior
study on single-prong nasal oxygenation focused largely on
symptom relief in patients with COPD rather than ventila-
tory effectiveness in T2RF [15]. Randomized comparisons
of HVNI and NIPPV in T2RF have predominantly enrolled
COPD populations [11]. By evaluating ventilatory outcomes
via a single-prong interface and enrolling patients with T2RF
from any cause, this study addresses gaps in the literature and
reflects the diagnostic heterogeneity commonly encountered
in emergency care.

Exploratory subgroup analyses (eg, COPD vs non-COPD
and baseline PaCO2 strata) are prespecified and described in
the Statistical Analysis Overview section. These analyses are
designed to assess potential heterogeneity of treatment effect
across clinically relevant subpopulations, recognizing that the
trial is not powered for formal subgroup comparisons.

A noninferiority design is appropriate given that NIPPV
remains the standard of care for acute T2RF and a more
tolerable, operationally streamlined alternative could be
clinically valuable. The noninferiority margin of the primary
end point (change in PaCO2 at a prespecified early time
point of 60 minutes) is defined a priori and justified on
clinical grounds informed by the expected magnitude of
PaCO2 improvement with NIPPV in similar populations.
Nevertheless, noninferiority trials are inherently vulnerable to
bias toward equivalence as factors that dilute true treat-
ment difference, such as protocol deviations and nonadher-
ence, tend to favor noninferiority by minimizing observed
differences between interventions [28]. The study protocol
seeks to mitigate this risk by incorporating complemen-
tary analyses using both intention-to-treat and per-protocol

approaches to ensure valid interpretation of noninferior-
ity findings. Predefined rescue criteria for escalation and
intubation will be used to reduce performance bias in
clinician-driven decisions.

This single-center trial design supports consistent
implementation but may limit generalizability to settings
with different resources or experience with HVNI. Blinding
of patients, health care providers, and research staff is not
feasible and may influence subjective measures and escala-
tion decisions. These risks are mitigated by an objective
primary end point, standardized timing of ABG sampling,
predefined escalation criteria, and complementary intention-
to-treat and per-protocol analyses. In addition, while PaCO2
levels at 30 and 60 minutes provide a clinically relevant and
objective indicator of early ventilatory response, PaCO2 is a
surrogate outcome of short-term response and does not fully
capture longer-term ventilation success or failure. Physiologi-
cally, reduction in PaCO2 levels may be related to increased
minute ventilation brought about by dyspnea rather than true
clinical improvement. Patients with T2RF from COPD and
neuromuscular diseases often follow a progressive disease
trajectory and require extended ventilatory support to prevent
delayed clinical deterioration, and taking PaCO2 measure-
ments in the early treatment window may fail to reflect
longer-term clinical effectiveness of the intervention [29].
Finally, the use of percentage change in PaCO2 as the primary
outcome, while it accounts for baseline severity differences,
may introduce variability in treatment effect estimation across
patients with heterogeneous baseline values. The relationship
between PaCO2 and alveolar ventilation is nonlinear such
that equivalent percentage changes may represent different
physiological magnitudes at different baseline levels.

Using early change in PaCO2 as the primary outcome
represents both a strength and a limitation. PaCO2 directly
reflects alveolar ventilation and offers an objective, timely
measure of ventilatory response. However, it is a surrogate
that may not fully capture longer-term clinical effectiveness,
and its relationship to ventilation is nonlinear across baseline
values; equivalent absolute changes can imply different
physiological effects at different baseline PaCO2 levels [30].
Early reductions may overestimate clinical benefit in some
patients, particularly those presenting with severe hypercap-
nia and very high baseline PaCO2 levels. Accordingly,
interpretation of the primary end point will be integrated with
prespecified secondary outcomes and sensitivity analyses.
If noninferiority is established with acceptable safety and
tolerance, subsequent clinical trials focused on patient-cen-
tered and longer-term outcomes, including cost-effectiveness
and broader implementation, would be warranted.

Acknowledgments
Generative AI was not used in any portion of manuscript generation, including writing, data analysis, figure creation, or
editing.
Funding
This investigator-initiated trial did not receive any specific grant from funding agencies in the public, commercial, or not-for-
profit sectors. Vapotherm Inc supplied the high-velocity nasal insufflation equipment used in this study. Vapotherm Inc had

JMIR RESEARCH PROTOCOLS Chua et al

https://www.researchprotocols.org/2026/1/e93391 JMIR Res Protoc 2026 | vol. 15 | e93391 | p. 8
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e93391


no role in the study design; data collection, analysis, and interpretation; manuscript preparation; or decision to submit the
manuscript for publication.
Data Availability
The datasets generated and analyzed during this study will be available from the corresponding author on reasonable request
subject to institutional data governance policies and applicable regulations. A data sharing plan will be finalized upon
completion of the primary analysis.
Authors’ Contributions
Conceptualization: MTC, DSTP, AJYN, CHWS, WSK
Methodology: MTC, WSK
Project administration: MTC
Supervision: WSK
Writing—original draft: MTC, DSTP, AJYN, CHWS
Writing—review and editing: MTC, DSTP, WSK
Conflicts of Interest
None declared.
References
1. Tregidgo L, D’Cruz RF. Supporting patients with hypercapnia. Clin Med (Lond). Jan 2024;24(1):100007. [doi: 10.1016/

j.clinme.2023.100007] [Medline: 38382181]
2. Chung Y, Garden FL, Marks GB, Vedam H. Causes of hypercapnic respiratory failure and associated in-hospital

mortality. Respirology. Feb 2023;28(2):176-182. [doi: 10.1111/resp.14388] [Medline: 36210347]
3. Rochwerg B, Brochard L, Elliott MW, et al. Official ERS/ATS clinical practice guidelines: noninvasive ventilation for

acute respiratory failure. Eur Respir J. Aug 2017;50(2):1602426. [doi: 10.1183/13993003.02426-2016] [Medline:
28860265]

4. Bolton R, Bleetman A. Non-invasive ventilation and continuous positive pressure ventilation in emergency departments:
where are we now? Emerg Med J. Apr 2008;25(4):190-194. [doi: 10.1136/emj.2007.049072] [Medline: 18356344]

5. Ngandu H, Gale N, Hopkinson JB. Experiences of noninvasive ventilation in adults with hypercapnic respiratory failure:
a review of evidence. Eur Respir Rev. Dec 2016;25(142):451-471. [doi: 10.1183/16000617.0002-2016] [Medline:
27903667]

6. Cross AM. Review of the role of non-invasive ventilation in the emergency department. J Accid Emerg Med. Mar
2000;17(2):79-85. [doi: 10.1136/emj.17.2.79] [Medline: 10718225]

7. Chan GW, Chai CY, Teo JS, Tjio CK, Chua MT, Brown III CA. Emergency airway management in a Singapore centre:
a registry study. Ann Acad Med Singap. Jan 2021;50(1):42-51. [doi: 10.47102/annals-acadmedsg.2020331] [Medline:
33623957]

8. Chua MT, Kuan WS. The use of high-flow nasal cannula in acute decompensated heart failure: ready for prime time yet?
J Emerg Crit Care Med. 2017;1(9):22. [doi: 10.21037/jeccm.2017.08.06]

9. Frat JP, Thille AW, Mercat A, et al. High-flow oxygen through nasal cannula in acute hypoxemic respiratory failure. N
Engl J Med. Jun 4, 2015;372(23):2185-2196. [doi: 10.1056/NEJMoa1503326] [Medline: 25981908]

10. Rochwerg B, Granton D, Wang DX, et al. High flow nasal cannula compared with conventional oxygen therapy for
acute hypoxemic respiratory failure: a systematic review and meta-analysis. Intensive Care Med. May
2019;45(5):563-572. [doi: 10.1007/s00134-019-05590-5] [Medline: 30888444]

11. Ovtcharenko N, Ho E, Alhazzani W, et al. High-flow nasal cannula versus non-invasive ventilation for acute
hypercapnic respiratory failure in adults: a systematic review and meta-analysis of randomized trials. Crit Care. Nov 9,
2022;26(1):348. [doi: 10.1186/s13054-022-04218-3] [Medline: 36352457]

12. Miyazaki Y, Inoue S, Hirose H, Kooguchi K, Kotani J. High-velocity nasal insufflation increases nasopharyngeal
pressure with flow-dependent manner compared with high flow nasal cannula in adult volunteers - a single-center
prospective observational study. Kobe J Med Sci. Dec 1, 2021;67(3):E92-E97. [Medline: 35367995]

13. Doshi PB, Whittle JS, Dungan G II, et al. The ventilatory effect of high velocity nasal insufflation compared to non-
invasive positive-pressure ventilation in the treatment of hypercapneic respiratory failure: a subgroup analysis. Heart
Lung. 2020;49(5):610-615. [doi: 10.1016/j.hrtlng.2020.03.008] [Medline: 32273085]

14. Doshi P, Whittle JS, Bublewicz M, et al. High-velocity nasal insufflation in the treatment of respiratory failure: a
randomized clinical trial. Ann Emerg Med. Jul 2018;72(1):73-83.e5. [doi: 10.1016/j.annemergmed.2017.12.006]
[Medline: 29310868]

JMIR RESEARCH PROTOCOLS Chua et al

https://www.researchprotocols.org/2026/1/e93391 JMIR Res Protoc 2026 | vol. 15 | e93391 | p. 9
(page number not for citation purposes)

https://doi.org/10.1016/j.clinme.2023.100007
https://doi.org/10.1016/j.clinme.2023.100007
http://www.ncbi.nlm.nih.gov/pubmed/38382181
https://doi.org/10.1111/resp.14388
http://www.ncbi.nlm.nih.gov/pubmed/36210347
https://doi.org/10.1183/13993003.02426-2016
http://www.ncbi.nlm.nih.gov/pubmed/28860265
https://doi.org/10.1136/emj.2007.049072
http://www.ncbi.nlm.nih.gov/pubmed/18356344
https://doi.org/10.1183/16000617.0002-2016
http://www.ncbi.nlm.nih.gov/pubmed/27903667
https://doi.org/10.1136/emj.17.2.79
http://www.ncbi.nlm.nih.gov/pubmed/10718225
https://doi.org/10.47102/annals-acadmedsg.2020331
http://www.ncbi.nlm.nih.gov/pubmed/33623957
https://doi.org/10.21037/jeccm.2017.08.06
https://doi.org/10.1056/NEJMoa1503326
http://www.ncbi.nlm.nih.gov/pubmed/25981908
https://doi.org/10.1007/s00134-019-05590-5
http://www.ncbi.nlm.nih.gov/pubmed/30888444
https://doi.org/10.1186/s13054-022-04218-3
http://www.ncbi.nlm.nih.gov/pubmed/36352457
http://www.ncbi.nlm.nih.gov/pubmed/35367995
https://doi.org/10.1016/j.hrtlng.2020.03.008
http://www.ncbi.nlm.nih.gov/pubmed/32273085
https://doi.org/10.1016/j.annemergmed.2017.12.006
http://www.ncbi.nlm.nih.gov/pubmed/29310868
https://www.researchprotocols.org/2026/1/e93391


15. Atwood C, Sethi J, Bergeski A, Dungan GC 2nd, Volakis LI, Whittle JS. Effect of single-prong cannula design with high
velocity therapy: comparable efficacy at lower gas flow rates. Crit Care Explor. Feb 12, 2025;7(2):e1209. [doi: 10.1097/
CCE.0000000000001209] [Medline: 39937568]

16. Roca O, Hernández G, Díaz-Lobato S, et al. Current evidence for the effectiveness of heated and humidified high flow
nasal cannula supportive therapy in adult patients with respiratory failure. Crit Care. Apr 28, 2016;20(1):109. [doi: 10.
1186/s13054-016-1263-z] [Medline: 27121707]

17. Parke RL, Eccleston ML, McGuinness SP. The effects of flow on airway pressure during nasal high-flow oxygen
therapy. Respir Care. Aug 2011;56(8):1151-1155. [doi: 10.4187/respcare.01106] [Medline: 21496369]

18. Hui DS, Chow BK, Lo T, et al. Exhaled air dispersion during high-flow nasal cannula therapy versus CPAP via different
masks. Eur Respir J. Apr 2019;53(4):1802339. [doi: 10.1183/13993003.02339-2018] [Medline: 30705129]

19. Gaeckle NT, Lee J, Park Y, Kreykes G, Evans MD, Hogan CJ Jr. Aerosol generation from the respiratory tract with
various modes of oxygen delivery. Am J Respir Crit Care Med. Oct 15, 2020;202(8):1115-1124. [doi: 10.1164/rccm.
202006-2309OC] [Medline: 32822208]

20. Hróbjartsson A, Boutron I, Hopewell S, et al. SPIRIT 2025 explanation and elaboration: updated guideline for protocols
of randomised trials. BMJ. Apr 28, 2025;389:e081660. [doi: 10.1136/bmj-2024-081660] [Medline: 40294956]

21. Chapter 5.8: consent for research in emergency situations. In: NHG Health Investigator Manual – All That an
Investigator Needs to Know. 5th ed. NHG Health; 2025:21-24. URL: https://ethics.gri.nhg.com.sg/files/Investigator%
20Manual/NHG_Health_Investigator_Manual.pdf [Accessed 2026-08-03]

22. Randomisation and online databases for clinical trials. Sealed Envelope. URL: https://www.sealedenvelope.com/
[Accessed 2026-08-07]

23. Wood L, Egger M, Gluud LL, et al. Empirical evidence of bias in treatment effect estimates in controlled trials with
different interventions and outcomes: meta-epidemiological study. BMJ. Mar 15, 2008;336(7644):601-605. [doi: 10.
1136/bmj.39465.451748.AD] [Medline: 18316340]

24. Validity of outcome measures. Riociguat (Adempas): Management of Inoperable Chronic Thromboembolic Pulmonary
Hypertension [Internet]. Canadian Agency for Drugs and Technologies in Health; 2015. URL: https://www.ncbi.nlm.nih.
gov/books/NBK349358 [Accessed 2025-12-10]

25. Korn EL, Freidlin B. Clinical trial designs in oncology. In: Abeloff’s Clinical Oncology. 6th ed. Elsevier; 2020:296-307.
[doi: 10.1016/B978-0-323-47674-4.00018-9]

26. Rezaei A, Fakharian A, Ghorbani F, Idani E, Abedini A, Jamaati H. Comparison of high-flow oxygenation with
noninvasive ventilation in COPD exacerbation: a crossover clinical trial. Clin Respir J. Apr 2021;15(4):420-429. [doi:
10.1111/crj.13315] [Medline: 33269553]

27. Hopewell S, Chan AW, Collins GS, et al. CONSORT 2025 statement: updated guideline for reporting randomised trials.
BMJ. Apr 14, 2025;389:e081123. [doi: 10.1136/bmj-2024-081123] [Medline: 40228833]

28. Piaggio G, Elbourne DR, Pocock SJ, Evans SJ, Altman DG, CONSORT Group. Reporting of noninferiority and
equivalence randomized trials: extension of the CONSORT 2010 statement. JAMA. Dec 26, 2012;308(24):2594-2604.
[doi: 10.1001/jama.2012.87802] [Medline: 23268518]

29. Davidson AC, Banham S, Elliott M, et al. BTS/ICS guideline for the ventilatory management of acute hypercapnic
respiratory failure in adults. Thorax. Apr 2016;71 Suppl 2(Suppl 2):ii1-ii35. [doi: 10.1136/thoraxjnl-2015-208209]
[Medline: 26976648]

30. Haouzi P. Revisiting the effects of the reciprocal function between alveolar ventilation and CO2 partial pressure
(PACO2) on PACO2 homeostasis at rest and in exercise. J Appl Physiol (1985). Oct 1, 2022;133(4):913-916. [doi: 10.
1152/japplphysiol.00058.2022] [Medline: 35511724]

Abbreviations
ABG: arterial blood gas
ANCOVA: analysis of covariance
CO2: carbon dioxide
CONSORT: Consolidated Standards of Reporting Trials
COPD: chronic obstructive pulmonary disease
CRF: case report form
ED: emergency department
EHR: electronic health record
EPAP: expiratory positive airway pressure
FiO2: fraction of inspired oxygen
HVNI: high-velocity nasal insufflation
ICU: intensive care unit

JMIR RESEARCH PROTOCOLS Chua et al

https://www.researchprotocols.org/2026/1/e93391 JMIR Res Protoc 2026 | vol. 15 | e93391 | p. 10
(page number not for citation purposes)

https://doi.org/10.1097/CCE.0000000000001209
https://doi.org/10.1097/CCE.0000000000001209
http://www.ncbi.nlm.nih.gov/pubmed/39937568
https://doi.org/10.1186/s13054-016-1263-z
https://doi.org/10.1186/s13054-016-1263-z
http://www.ncbi.nlm.nih.gov/pubmed/27121707
https://doi.org/10.4187/respcare.01106
http://www.ncbi.nlm.nih.gov/pubmed/21496369
https://doi.org/10.1183/13993003.02339-2018
http://www.ncbi.nlm.nih.gov/pubmed/30705129
https://doi.org/10.1164/rccm.202006-2309OC
https://doi.org/10.1164/rccm.202006-2309OC
http://www.ncbi.nlm.nih.gov/pubmed/32822208
https://doi.org/10.1136/bmj-2024-081660
http://www.ncbi.nlm.nih.gov/pubmed/40294956
https://ethics.gri.nhg.com.sg/files/Investigator%20Manual/NHG_Health_Investigator_Manual.pdf
https://ethics.gri.nhg.com.sg/files/Investigator%20Manual/NHG_Health_Investigator_Manual.pdf
https://www.sealedenvelope.com/
https://doi.org/10.1136/bmj.39465.451748.AD
https://doi.org/10.1136/bmj.39465.451748.AD
http://www.ncbi.nlm.nih.gov/pubmed/18316340
https://www.ncbi.nlm.nih.gov/books/NBK349358
https://www.ncbi.nlm.nih.gov/books/NBK349358
https://doi.org/10.1016/B978-0-323-47674-4.00018-9
https://doi.org/10.1111/crj.13315
http://www.ncbi.nlm.nih.gov/pubmed/33269553
https://doi.org/10.1136/bmj-2024-081123
http://www.ncbi.nlm.nih.gov/pubmed/40228833
https://doi.org/10.1001/jama.2012.87802
http://www.ncbi.nlm.nih.gov/pubmed/23268518
https://doi.org/10.1136/thoraxjnl-2015-208209
http://www.ncbi.nlm.nih.gov/pubmed/26976648
https://doi.org/10.1152/japplphysiol.00058.2022
https://doi.org/10.1152/japplphysiol.00058.2022
http://www.ncbi.nlm.nih.gov/pubmed/35511724
https://www.researchprotocols.org/2026/1/e93391


IPAP: inspiratory positive airway pressure
LAR: legally acceptable representative
NIPPV: noninvasive positive pressure ventilation
PaCO2: partial pressure of carbon dioxide
SPIRIT: Standard Protocol Items: Recommendations for Interventional Trials
SpO2: oxygen saturation
T2RF: type 2 respiratory failure

Edited by Javad Sarvestan; peer-reviewed by Camille Alleyrat, Kinjal Satasiya; submitted 12.Feb.2026; final revised
version received 24.Jul.2026; accepted 29.Jul.2026; published 14.Aug.2026

Please cite as:
Chua MT, Pan DST, Ng AJY, Soh CHW, Kuan WS
Study of High-Velocity Nasal Insufflation vs Noninvasive Positive Pressure Ventilation for Emergency Type 2 Respiratory
Failure: Protocol for a Noninferiority Randomized Controlled Trial
JMIR Res Protoc 2026;15:e93391
URL: https://www.researchprotocols.org/2026/1/e93391
doi: 10.2196/93391

© Mui Teng Chua, Darius Shaw Teng Pan, Alexander Jet Yue Ng, Crystal Harn Wei Soh, Win Sen Kuan. Originally published
in JMIR Research Protocols (https://www.researchprotocols.org), 14.Aug.2026. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR Research
Protocols, is properly cited. The complete bibliographic information, a link to the original publication on https://www.research-
protocols.org, as well as this copyright and license information must be included.

JMIR RESEARCH PROTOCOLS Chua et al

https://www.researchprotocols.org/2026/1/e93391 JMIR Res Protoc 2026 | vol. 15 | e93391 | p. 11
(page number not for citation purposes)

https://www.researchprotocols.org/2026/1/e93391
https://doi.org/10.2196/93391
https://www.researchprotocols.org
https://creativecommons.org/licenses/by/4.0/
https://www.researchprotocols.org
https://www.researchprotocols.org
https://www.researchprotocols.org/2026/1/e93391

	Study of High-Velocity Nasal Insufflation vs Noninvasive Positive Pressure Ventilation for Emergency Type 2 Respiratory Failure: Protocol for a Noninferiority Randomized Controlled Trial
	Introduction
	Methods
	Study Design and Setting
	Ethical Considerations
	Eligibility Criteria
	Randomization and Allocation Concealment
	Blinding
	Interventions
	Oxygen Targets and Monitoring
	Rescue, Failure, and Crossover Criteria
	Outcome Measures
	Sample Size
	Statistical Analysis Overview
	Data Collection and Management
	Quality Assurance and Monitoring

	Results
	Discussion


