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IMPORTANCE The effect of high-intensity noninvasive positive pressure ventilation (NPPV) on
the need for endotracheal intubation in patients with an acute exacerbation of chronic
obstructive pulmonary disease (COPD) is unknown.

OBJECTIVE To determine whether the use of high-intensity NPPV vs low-intensity NPPV
reduces the need for endotracheal intubation in patients with an acute exacerbation of COPD
and hypercapnia.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial conducted at 30 general
respiratory non-intensive care unit wards of Chinese hospitals from January 3, 2019, to
January 31, 2022; the last 90-day follow-up was on April 22, 2022. The included patients had
an acute exacerbation of COPD and a Paco, level greater than 45 mm Hg after receiving 6
hours of low-intensity NPPV.

INTERVENTIONS Patients were randomized 1:1 to receive high-intensity NPPV with inspiratory
positive airway pressure that was adjusted to obtain a tidal volume 10 mL/kg to 15 mL/kg

of predicted body weight (n = 147) or to continue receiving low-intensity NPPV with
inspiratory positive airway pressure that was adjusted to obtain a tidal volume of 6 mL/kg to
10 mL/kg of predicted body weight (n = 153). Patients in the low-intensity NPPV group who
met the prespecified criteria for the need for endotracheal intubation were allowed to
crossover to high-intensity NPPV.

MAIN OUTCOMES AND MEASURES The primary outcome was the need for endotracheal
intubation during hospitalization, which was defined by prespecified criteria. There were 15
prespecified secondary outcomes, including endotracheal intubation.

RESULTS The trial was terminated by the data and safety monitoring board and the trial
steering committee after an interim analysis of the first 300 patients. Among the 300
patients who completed the trial (mean age, 73 years [SD, 10 years]; 68% were men), all were
included in the analysis. The primary outcome of meeting prespecified criteria for the need
for endotracheal intubation occurred in 7 of 147 patients (4.8%) in the high-intensity NPPV
group vs 210of 153 (13.7%) in the low-intensity NPPV group (absolute difference, -9.0%

[95% ClI, -15.4% to -2.5%], 1-sided P = .004). However, rates of endotracheal intubation did
not significantly differ between groups (3.4% [5/147] in the high-intensity NPPV group vs
3.9% [6/153] in the low-intensity NPPV group; absolute difference, -0.5% [95% Cl, -4.8% to
3.7%], P = .81). Abdominal distension occurred more frequently in the high-intensity NPPV
group (37.4% [55/1471) compared with the low-intensity NPPV group (25.5% [39/153]).
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CONCLUSIONS AND RELEVANCE Patients with COPD and persistent hypercapnia in the
high-intensity NPPV group (vs patients in the low-intensity NPPV group) were significantly

less likely to meet criteria for the need for endotracheal intubation; however, patients in the - .
Group Information: A list of the

low-intensity NPPV group were allowed to crossover to high-intensity NPPV, and the
between-group rate of endotracheal intubation was not significantly different.
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oninvasive positive pressure ventilation (NPPV) has

been increasingly used for patients with an acute ex-

acerbation of chronic obstructive pulmonary disease
(COPD).!-2 Strong evidence indicates that NPPV is associated
with reduced rates of endotracheal intubation and hospital
mortality compared with standard oxygen therapy.>* Low-
intensity NPPV, which uses a relatively low inspiratory posi-
tive airway pressure (IPAP; typically <18 cm H,0), is com-
monly used in clinical practice.®” Approximately 15% of
patients with an acute exacerbation of COPD need endotra-
cheal intubation when receiving NPPV,%37-# which may be
partly associated with inadequate pressure support and lim-
ited improvement in alveolar ventilation with the use of low-
intensity NPPV.37:9:10

High-intensity NPPV, a form of pressure-limited ventila-
tion (IPAP levels typically range from 20-30 cm H,0), was in-
troduced as a novel ventilatory approach to maximally de-
crease elevated levels of Paco, toward normocapnia with
stepwise uptitration of IPAP.%!"13 In theory, high-intensity
NPPV may be more effective than low-intensity NPPV at aug-
menting alveolar ventilation and offsetting the extra dead space
caused by the face mask and may better reduce inspiratory ef-
fort and alleviate dyspnea. In patients with stable COPD and
hypercapnia, high-intensity NPPV has been shown to be su-
perior to low-intensity NPPV at reducing inspiratory effort and
at improving gas exchange, ventilatory function, lung vol-
ume, patient tolerance, and health-related quality of life.#®
The addition of high-intensity NPPV to home oxygen therapy
may improve the 1-year overall survival of patients with COPD
and hypercapnia and may prolong the time to hospital read-
mission or death within 12 months compared with home oxy-
gen therapy alone.'”®
In patients with an acute exacerbation of COPD, our prior

trial'® investigating the physiological effects of NPPV found that
high-intensity NPPV was more effective than low-intensity
NPPV at decreasing elevated levels of Paco,, reducing inspi-
ratory effort, and alleviating dyspnea. However, the effect of
high-intensity NPPV on the need for endotracheal intubation
remains unclear in patients with an acute exacerbation of
COPD. This multicenter, randomized clinical trial was con-
ducted to determine whether high-intensity NPPV, com-
pared with low-intensity NPPV, could reduce the need for en-
dotracheal intubation during hospitalization in patients with
an acute exacerbation of COPD and hypercapnia.

Methods

Trial Design and Oversight

The HAPPEN (High-intensity vs Low-intensity Noninvasive
Positive Pressure Ventilation in an AECOPD) trial was an
investigator-initiated, 2-group, single-blind, multicenter, ran-
domized clinical trial conducted in 30 general respiratory
non-intensive care unit (ICU) wards from hospitals across
China. The trial was conducted between January 3, 2019, and
January 31, 2022; the last 90-day follow-up occurred on April
22,2022. The trial protocol was published before enrollment
of the first patient?° and appears in Supplement 1. The statis-
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Key Points

Question In patients with an acute exacerbation of chronic
obstructive pulmonary disease and hypercapnia who first received
6 hours of low-intensity noninvasive positive pressure ventilation
(NPPV), does high-intensity NPPV decrease the likelihood of
meeting prespecified criteria for the need for endotracheal
intubation compared with continuing low-intensity NPPV?

Findings In this randomized clinical trial involving 300 patients,
4.8% of patients randomized to high-intensity NPPV met
prespecified criteria for the need for endotracheal intubation vs
13.7% randomized to low-intensity NPPV, which is a significant
difference. However, the rates of endotracheal intubation did not
differ significantly between the high-intensity NPPV group (3.4%)
and the low-intensity NPPV group (3.9%).

Meaning Patients with an acute exacerbation of chronic
obstructive pulmonary disease and persistent hypercapnia

were significantly less likely to meet criteria for the need for
endotracheal intubation when randomized to high-intensity vs
low-intensity NPPV, although patients in the low-intensity NPPV
group were allowed to crossover to high-intensity NPPV and
the endotracheal intubation rate did not significantly differ
between groups.

tical analysis plan appears in Supplement 2. Additional infor-
mation appears in the eMethods in Supplement 3.

The trial was designed by a steering committee and was
approved by the ethics committee at the coordinating center
(Beijing Chao-Yang Hospital; approval No. 2018-KE-319) and
thereafter by the local ethical committees of all participating
centers. The trial adhered to the Good Clinical Practice guide-
lines, local regulations, and the principles of the Declaration
of Helsinki. Written informed consent was obtained from all
patients, their next of kin, or another surrogate decision-
maker as appropriate.

The steering committee oversaw the trial. At each center,
a dedicated investigative team (under the leadership of a
senior physician) performed daily patient screening, trial en-
rollment, oversight of protocol adherence, and completion of
the case report form. This team comprised 5 or 6 physicians
(including 3 senior clinicians) and 5 or 6 respiratory nurses (or
respiratory therapistsif available). Allindividuals on the team
had extensive experience in the use of NPPV and all under-
went standardized protocol training. The administration of
NPPV was conducted by physicians or respiratory therapists,
with monitoring and documentation carried out by respira-
tory therapists or nurses. The trial followed the CONSORT
(Consolidated Standards of Reporting Trials) guideline.

Participants

Consecutive patients with COPD admitted to 30 general respi-
ratory non-ICU wards were screened for eligibility based on the
2019 diagnostic criteria from the Global Initiative for Chronic
Obstructive Lung Disease.?! Eligible patients met the follow-
ing criteria: had an arterial pH level of less than 7.35, had a Paco,,
level greater than 45 mm Hg at screening entry, and had a per-
sistently elevated level of Paco, that was greater than 45 mm Hg
after receiving low-intensity NPPV for 6 hours.
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The exclusion criteria were being younger than 18 years of
age; having excessive respiratory secretions or an upper air-
way obstruction; having undergone a recent oral, facial, or cra-
nial trauma or surgery; having undergone a recent gastric or
esophageal surgery; having restrictive ventilatory dysfunc-
tion; having active bleeding in the upper gastrointestinal tract;
having undergone a recent cardiac or respiratory arrest; hav-
ing a ratio of Pao, to fraction of inspired oxygen (F10,) of less
than 100 mm Hg; having pneumothorax; having emphysema-
tous bullae that was confirmed by a computed tomographic
scan; having ventricular arrhythmia or myocardial ischemia;
having severe hemodynamic instability (mean arterial pres-
sure <65 mm Hg); having severe metabolic acidosis (pH level
<7.20 and bicarbonate level <22 mmol/L); refusing to receive
NPPV or give informed consent; having received prior endo-
tracheal intubation or having undergone a tracheostomy dur-
ing the current hospitalization; or having a do-not-intubate or-
der (Figure 1). Further details appear in Supplement 1 and in
the eMethods in Supplement 3.

Randomization and Blinding

Eligible patients were randomized in a 1:1ratio to receive either
high-intensity or low-intensity NPPV. Randomization was con-
ducted using centralized, computer-generated sequences. The
allocation sequence was concealed using numbered, opaque,
and sealed envelopes. Independent personnel who were not
involved in the trial managed the randomization process. In-
vestigators at participating centers had to contact the coordi-
nating center for randomization assignment within the first
hour after validating eligibility.

The intervention was not blinded for the investigators or
attending physicians. Two independent investigators (one for
the intervention and another for the data collection) con-
ducted the study. The data analysis was performed by a stat-
istician who was not involved in the trial. Personnel at the co-
ordinating center and the investigators remained unaware of
the study outcomes until data locking occurred in April 2022.

Interventions

In the high-intensity NPPV group, the IPAP level was initially
adjusted in increments or decrements of 1 cm H,0 to 2 cm
H,O to obtain a tidal volume of 10 mL/kg to 15 mL/kg of
predicted body weight, typically 20 cm H,0 to 30 cm H,0
(or a tolerated maximum), and a respiratory rate of less than
25 breaths/min. Subsequent adjustments to the IPAP were
based on arterial blood gas levels (<30 cm H,0) to achieve
normocapnia if possible or to a decrease in Paco, level
toward normocapnia if normocapnia could not be achieved.
If the Paco, level was less than 35 mm Hg, the IPAP was
reduced to achieve normocapnia.

In the low-intensity NPPV group, the IPAP was initially ad-
justed in increments or decrements of 1 cm H,O to 2 cm H,0
to a maximum of 20 cm H,0, according to the tolerance lev-
els of patients to obtain a tidal volume of 6 mL/kg to 10 mL/kg
of predicted body weight and a respiratory rate of less than
25 breaths/min. Subsequent adjustments to the IPAP were
based on arterial blood gas levels (<20 cm H,0) to achieve a
pHlevel of 7.35 or higher and to reduce Paco, to alevel deemed

jama.com

Original Investigation Research

appropriate by the attending physician. Patients were en-
couraged to use NPPV continuously during the first 6 hours
after randomization (brief disconnection was allowed for
clearing secretions, drinking, or eating) and for at least 10 hours
per day. Further details of NPPV implementation and regard-
ing the devices used appear in Supplement 1 and in eTable 1
in Supplement 3.

The IPAP level and the daily use of NPPV were gradually
decreased when the target arterial blood gas levels were
reached and clinical conditions improved. Improvement in the
clinical condition was defined as the resolution of the acute
exacerbation of COPD (confirmed by the attending physi-
cian), a respiratory rate of less than 25 breaths/min, a heart
rate of less than 110 beats/min, and a Pao, level greater than
60 mm Hg with an F10, level of less than 0.4.

In the high-intensity NPPV group, the procedures for de-
creasing the IPAP level were as follows: (1) the IPAP level was
decreased by 1 cm H,0 to 2 cm H,0O (ensuring that tidal vol-
ume decreased by <5% and heart rate and respiratory rate in-
creased by <5%); (2) specific arterial blood gas levels were ob-
tained within 2 hours after decreasing the IPAP level, and the
IPAP level was returned to the original level if the Paco, level
increased by more than 5%; and (3) the IPAP level was al-
lowed to be further decreased over an interval of more than 4
hours, with a total decrease in IPAP level of no more than
4 cm H,0 per day. In low-intensity NPPV group, the proce-
dures for decreasing IPAP were performed at the discretion of
the attending physician. In both groups, daily use of NPPV was
reduced gradually by no more than 4 hours per day. Daytime
NPPV use was shortened first, and then nighttime use was re-
duced once daytime use was stopped. Use of NPPV was dis-
continued if it was less than 6 hours per day.

The use of NPPV was resumed if respiratory distress de-
veloped within 72 hours of discontinuation. In the high-
intensity NPPV group, use of NPPV was also resumed if the
Paco, level increased by 10% more than the Paco, level at dis-
continuation of NPPV. Endotracheal intubation was consid-
ered if the prespecified criteria were met. Patients in the low-
intensity NPPV group who met the prespecified criteria for
endotracheal intubation were allowed to crossover to high-
intensity NPPV. Further details of NPPV weaning and endo-
tracheal intubation appear in Supplement 1 and in the
eMethods in Supplement 3.

All decisions on medical treatments other than the use of
NPPV were based on the 2019 Global Initiative for Chronic
Obstructive Lung Disease? and routine clinical practice at each
center. Patient monitoring routinely included measurements
of noninvasive blood pressure, heart rate, pulse oximetry, and
electrocardiography.

Outcomes

The primary outcome was the need for endotracheal intuba-
tion during hospitalization, which was defined by the pre-
specified criteria of (1) arterial pH level of less than 7.25 with a
Paco, level that increased by more than 20% compared with
the baseline level or Pao,:Fi0, of less than 100 mm Hg; and
(2) the presence of at least 1 of the following: clinical signs
suggestive of severely decreased consciousness (eg, coma,
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Figure 1. Flow of Patients Through the HAPPEN Trial

8148 Patients with an acute exacerbation of chronic
obstructive pulmonary disease assessed for eligibility

7848 Excluded
6480 Did not meet inclusion criteria
6417 Had pH level 27.35 at screening entry
63 Had Paco, level <45 mm Hg after receiving

low-intensity NPPV for 6 h
1368 Met exclusion criteria

350 Excessive respiratory secretions with weak cough
213 Refused NPPV
151 Obvious emphysematous bullae
64 Pneumothorax
64 Do-not-intubate order
62 Massive pleural effusion
54 Ratio of Pao, to FI0, <100 mm Hg
54 Refused to give informed consent
48 Prior endotracheal intubation or tracheostomy
47 Severe hemodynamic instability
47 Severe abdominal distension
46 Severe metabolic acidosis
41 Consolidation of 21 pulmonary lobe
30 Ventricular arrhythmia or myocardial ischemia
27 Removal of 21 pulmonary lobe
25 Chest wall deformity
18 Cardiac or respiratory arrest
14 Active bleeding in upper gastrointestinal tract
6 Recent facial trauma or esophageal surgery
4 Upper airway obstruction
3 Continuous strapping with thoracic or
abdominal bandage

(300 Randomized

147 Randomized to receive high-intensity NPPV 153 Randomized to receive low-intensity NPPV
147 Received high-intensity NPPV 152 Received low-intensity NPPV
as randomized as randomized
1 Received high-intensity NPPV?
140 Did not meet prespecified criteria of 142 Did not meet prespecified criteria of the
the need for endotracheal intubation need for endotracheal intubation
7 Met prespecified criteria of the need 21 Met prespecified criteria of the
for endotracheal intubation need for endotracheal intubation o . .
5 Intubated 13 Crossed over to high-intensity NPPV. Fio, indicates fraction of inspired
2 Not intubated 2 Intubated oxygen; HAPPEN, High-intensity vs
11 Not intubated Low-intensity Noninvasive Positive
8 Did not cross over to high-intensity NPPV Pressure Ventilation in an AECOPD;
4 Intupated NPPV, noninvasive positive pressure
4 Not intubated ventilation.
l 20ne patient randomized to the
147 Included in the primary analysis 153 Included in the primary analysis low-intensity NPPV group received
144 Included in the per-protocol analysis 148 Included in the per-protocol analysis high-intensity NPPV because of a
3 Not included in the per-protocol 5 Not included in the per-protocol major protocol violation by the
LT (1 e g gl : i - investigators. This patient was
medical advice) 4 D|scharged_ aga_lnst m_edlcal advice included in low-intensity NPPV group
1 Received high-intensity NPPV2 . .
for the primary analysis, but not for
i the per-protocol analysis.
146 Included in the secondary 152 Included in the secondary PEven though hospital discharge was
analysis at 90 d analysis at 90 d granted, the data for these patients
1 Lost to 90-d follow-up 1 Lost to 90-d follow-up X . . .
were included in the primary analysis

but not in the per-protocol analysis.

delirium), use of accessory respiratory muscles or thoracoab-  cheal intubation was performed. Two independent experts who
dominal paradoxical movement, excessive respiratory secre-  were blinded to the intervention confirmed the need for en-
tions, aspiration or vomiting, bleeding in upper gastrointesti- ~ dotracheal intubation based on these criteria. In cases of dis-
nal tract, severe hemodynamic instability without responseto  agreement, a third expert helped make the final decision.

fluid resuscitation and low-dose vasoactive agents, or ven- There were 15 prespecified secondary outcomes, includ-
tricular or supraventricular arrhythmias; or (3) cardiac or re-  ing endotracheal intubation during hospitalization, the need
spiratory arrest. Daily assessment of the need for endotra- for endotracheal intubation and undergoing endotracheal
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intubation by day 28, the composite of endotracheal intuba-
tion or avoiding endotracheal intubation by crossover to high-
intensity NPPV, NPPV weaning success (persistent disconnec-
tion of NPPV without respiratory distress within 72 hours),
mortality (in hospital, at day 28, and at day 90), ICU admis-
sion, discharge from the hospital, length of hospital stay, length
of hospital stay after randomization, the number of invasive
ventilator-free days (ie, days alive without endotracheal in-
tubation or invasive mechanical ventilation) and ICU-free days
(ie, days alive without admission in the ICU) at day 28, and hos-
pital readmission at day 90.

The safety outcomes included the following complica-
tions related to NPPV: severe intolerance of NPPV, severe air
leakage (unintentional air leakage volume >25 L/min), abdomi-
nal distension, NPPV intolerance due to abdominal disten-
sion, nasal or oral dryness, inability to remove respiratory se-
cretions, nasal or facial skin necrosis, conjunctivitis, sinus or
ear pain, aspiration, hypotension, pneumothorax, acute re-
spiratory distress syndrome, and claustrophobia. Serious ad-
verse events included nosocomial pneumonia, septic shock,
multiple organ failure, acute myocardial infarction, life-
threatening ventricular arrhythmias, cardiac arrest, cardio-
genic shock, gastrointestinal tract bleeding, disseminated in-
travascular coagulation, pulmonary embolism, and severe
alkalosis. The detailed definitions for the outcomes appear in
Supplement 1 and in the eMethods in Supplement 3.

Statistical Analysis
The calculation of the sample size was based on our primary
hypothesis that the use of high-intensity NPPV would result
in a lower need for endotracheal intubation in patients with
an acute exacerbation of COPD and persistent hypercapnia
compared with low-intensity NPPV. Our previous clinical ex-
perience and previous studies??led us to anticipate a need for
endotracheal intubation of 15% in the low-intensity NPPV
group. Assuming that the need for endotracheal intubation
could be reduced to 6% in the high-intensity NPPV group, we
estimated that a minimum sample size of 480 patients would
berequired. This calculation considered detecting a between-
group difference of 9% for the need for endotracheal intuba-
tion, with a superiority margin of 2%, 80% power, and a 1-sided
a level of .05 using superiority tests for comparing 2 propor-
tions. To account for a dropout rate of 20%, it was deter-
mined that enrolling 600 patients would be necessary.
Theindependent data and safety monitoring board, which
had access to the unblinded data during the interim analysis,
conducted a single interim analysis after the first 300 pa-
tients completed the primary outcome evaluations. The P value
threshold was .0088 for the interim analysis and .0498 for the
final analysis using the O’Brien-Fleming a spending func-
tion. The trial could be stopped early if the need for endotra-
cheal intubation differed significantly between groups in the
interim analysis. After the interim analysis, we opted to use a
simple test of superiority (without a predefined margin) to
evaluate the primary outcome difference between the study
groups. The decision to use a test of superiority was made with
input from the data and safety monitoring board after they had
seen unblinded data.
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The primary analyses were performed using an intention-
to-treat approach. A x2 test or Fisher exact test was used to
compare the primary, secondary, and safety dichotomous
outcomes. A nonparametric method (Mann-Whitney test)
was used to compare the secondary continuous outcomes.
The absolute differences in rates and 95% CIs between
groups were calculated as Wald asymptotic or exact (Clopper-
Pearson) confidence limits. For the secondary continuous
outcomes, the differences in the median time and 95% confi-
dence limits were computed based on 5000-bootstrap
resampling. Univariable and multivariable logistic or Cox
models were used to determine the effects of high-intensity
NPPV for the primary, secondary, and safety outcomes com-
pared with low-intensity NPPV.

The cumulative incidence for the time-to-event out-
comes were estimated using the Kaplan-Meier method and
compared using a log-rank test, including the incidence of
need for endotracheal intubation, undergoing endotracheal
intubation, the composite of endotracheal intubation or
avoiding endotracheal intubation by crossover to high-
intensity NPPV, and death within 28 days after randomiza-
tion. The per-protocol analyses and sensitivity analyses with
additional adjustment of forced expiratory volume in the
first second of expiration (FEV,) in the multivariable analyses
were conducted to evaluate the robustness of the results from
the primary analysis. The prespecified subgroup analysis
(by age, sex, smoking history, and pH level at randomiza-
tion) and post hoc comparisons (by Paco, level at random-
ization, Pao0,:F10, at randomization, respiratory rate at ran-
domization, FEV, level, and Acute Physiology and Chronic
Health Evaluation II score) were also performed. Repeated-
measures analysis of variance with 2 factors (intervention
group and time) was used to compare variables regarding
ventilator settings and respiratory physiology between the
high-intensity NPPV group and the low-intensity NPPV
group at each time point.

Missing data were not imputed. Most of the reported
P values are 2-sided; however, a 1-sided P value was used
for the between-group rate difference for the need for endo-
tracheal intubation. P < .05 was considered statistically sig-
nificant. All analyses were performed using SAS version 9.4
(SAS Institute Inc) and R version 4.2.3 (R Foundation for
Statistical Computing).

. |
Results

Patients

From January 3, 2019, to January 31, 2022, a total of 8148 pa-
tients with acute exacerbation of COPD were assessed for eli-
gibility. Among these patients, 7848 were excluded and 300
wererandomized and included in the primary analysis (Figure 1).
Of the 300 patients, 147 were assigned to the high-intensity
NPPV group and 153 to the low-intensity NPPV group. One pa-
tient in the low-intensity group received high-intensity NPPV
because of a protocol violation and 1 patient in each group was
lost to 90-day follow-up. The 90-day follow-up was com-
pleted on April 22, 2022.
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Baseline characteristics were similar between groups
(Table 1and eTables 2-4 in Supplement 3). The mean age was
73 years (SD, 10 years) and 68% of the patients were men. The
mean FEV, was 36% predicted (SD, 12% predicted) (n = 243);
86% of patients were using long-acting inhaled bronchodila-
tors and 79% were using inhaled corticosteroids. Most pa-
tients were able to complete bedside pulmonary function tests
atbaseline. However, in the high-intensity NPPV group, 27 pa-
tients (18%) were unable to complete the bedside pulmonary
function test because of dyspnea and 4 (3%) declined to par-
ticipate. In the low-intensity NPPV group, 24 patients (16%)
were unable to complete the bedside pulmonary function test
because of dyspnea and 2 (1%) declined to participate. There
were no between-group differences for the number of pa-
tients who currently smoke and those who used long-term oxy-
gen therapy.

Ventilator Interventions and Respiratory Physiology

The mean IPAP level at 2 hours was 25 cm H,O (SD, 3 cm H,0)
(n = 146) in the high-intensity NPPV group vs 17 cm H,0 (SD,
2 cm H,0) in the low-intensity NPPV group (P < .001). At 72
hours, the mean IPAP level was 25 cm H,0 (SD, 3 cm H,0)
(n = 137) in the high-intensity NPPV group and 18 cm H,,0 (SD,
3 c¢m H,0) (n = 141) in the low-intensity NPPV group (P < .001).
The mean tidal volume at 2 hours was 11.0 mL/kg (SD,
3.4 mL/kg) of predicted body weight (n = 146) in the high-
intensity NPPV group vs 7.7 mL/kg (SD, 2.2 mL/kg) of pre-
dicted body weight in the low-intensity NPPV group (P < .001)
and at 72 hours was 11.5 mL/kg (SD, 3.3 mL/kg) of predicted
body weight (n = 137) vs 8.2 mL/kg (SD, 2.0 mL/kg) of pre-
dicted body weight (n = 140), respectively (P < .001).

For the high-intensity NPPV group, the median daily use
was 20 hours (IQR, 16-22 hours) on day 1, 18 hours (IQR, 14-22
hours;n = 141) on day 2, and 17 hours (IQR, 14-20 hours; n = 139)
on day 3. For the low-intensity NPPV group, the median daily
use was 18 hours (IQR, 14-21 hours) on day 1, 17 hours (IQR,
12-20 hours; n = 145) on day 2, and 16 hours (IQR, 12-20 hours;
n = 143) on day 3. There was a statistically significant differ-
ence in daily NPPV use between the high-intensity NPPV group
and the low-intensity NPPV group across the specified days
(P < .05 for all tests; eTable 5 in Supplement 3). Further de-
tails regarding the ventilator interventions appear in eTables 5-6
in Supplement 3.

From 2 hours through 72 hours after randomization, the
Paco, level was lower in the high-intensity NPPV group
(eTables 7-8 in Supplement 3). The mean Paco, level at 72 hours
was 53 mm Hg (SD, 12 mm Hg) in the high-intensity NPPV group
(n = 135) compared with 64 mm Hg (SD, 11 mm Hg) in the low-
intensity NPPV group (n = 139) (P < .001). At 72 hours, more
patients in the high-intensity NPPV group (21.8% [32/147])
achieved normocapnia than those in the low-intensity NPPV
group (4.6% [7/153]; P < .001; eTable 9 in Supplement 3).

Interim Analysis

A planned interim analysis was performed after the comple-
tion of primary outcome evaluations for 300 patients at dis-
charge. The results showed that the primary outcome (the need
for endotracheal intubation) differed significantly with a
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between-group difference of 9.0% (1-sided P = .004) within the
context of a simple test of superiority without a predefined
margin. The trial was terminated by the data and safety moni-
toring board and the trial steering committee based on the sig-
nificant results from the interim analysis and the impractical-
ity of continuing the trial during the COVID-19 pandemic, which
posed substantial operational challenges and potential ethi-
cal concerns.

Primary Outcome

The primary outcome of meeting prespecified criteria for the
need for endotracheal intubation occurred in 7 of 147 pa-
tients (4.8%) in the high-intensity NPPV group vs in 21 of 153
patients (13.7%) in the low-intensity NPPV group (absolute dif-
ference, —-9.0% [95% CI, -15.4% to —2.5%], 1-sided P = .004;
rate ratio, 0.35 [95% CI, 0.14 to 0.76]) (Table 2). After adjust-
ment for respiratory tract infection, days from exacerbation
to randomization, pH level at randomization, and Pao,:F10, at
randomization, the need for endotracheal intubation re-
mained significantly different between groups (adjusted rate
ratio, 0.30 [95% CI, 0.11 to 0.69]). The analyses of the pri-
mary outcome in the per-protocol population and the sensi-
tivity analyses were consistent with the primary analysis
(eTables 10-11 in Supplement 3).

No treatment effect varied significantly between the study
groups across the prespecified subgroups of age, sex, smok-
ing history, and pH level at randomization or across the post
hoc subgroups of Paco, level at randomization, Pao,:FIo, at
randomization, respiratory rate at randomization, FEV, level,
and Acute Physiology and Chronic Health Evaluation II score
(Figure 2) (eFigure 1and eTable 12 in Supplement 3). In addi-
tion, the endotracheal intubation rate did not significantly dif-
fer between groups (3.4% [5/147] in the high-intensity NPPV
group vs 3.9% [6/153] in the low-intensity NPPV group; abso-
lute difference, -0.5% [95% CI, -4.8% to 3.7%], P = .81; rate
ratio, 0.87[95% CI, 0.25 to 2.72]). The reasons for meeting the
prespecified criteria for endotracheal intubation appear in
eTable 13 and the reasons for undergoing endotracheal intu-
bation appear in eTable 14 in Supplement 3.

Secondary Outcomes

The composite of endotracheal intubation or avoiding endo-
tracheal intubation by crossover to high-intensity NPPV was
significantly lower in the high-intensity NPPV group (3.4%
[5/147]) than in the low-intensity NPPV group (11.1% [17/153])
(absolute difference, -7.7% [95% CI, -13.5% to -1.9%], P = .01;
rate ratio, 0.31[95% CI, 0.10 to 0.76]). Of the 21 patients in
the low-intensity group who met the prespecified criteria for
endotracheal intubation, 13 (61.9%) crossed over to high-
intensity NPPV (Figure 1 and eFigure 2 in Supplement 3).
Of these 13 patients, 2 (15.4%) were intubated and 11 (84.6%)
were not intubated. With an increasing level of IPAP and
tidal volume, the pH and Paco, levels remained unchanged
after 2 hours in intubated patients and were improved in
nonintubated patients (eTable 15 in Supplement 3). The other
13 secondary outcomes did not differ significantly between
groups (Table 2 and Figure 3) (eTables 10-11 and eFigure 3 in
Supplement 3).
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Table 1. Baseline Characteristics of the Participants

Noninvasive positive pressure ventilation (NPPV)

High intensity (n = 147)

Low intensity (n = 153)

Age, mean (SD), y
Sex, No. (%)
Male
Female
Height, mean (SD), cm
Body weight, mean (SD), kg
Actual
Predicted®
Body mass index, mean (SD)®
COPD-related characteristics®
Smoking history
Ever smoked, No. (%)
Currently smoke, No. (%)
Median (IQR) [total], pack-years
Pulmonary function?
FEV,, mean (SD) [total], % predicted
Ratio of FEV, to FVC, mean (SD) [total]
Measured within previous 1y, No. (%)
Measured at hospital discharge, No. (%)
Disease course, median (IQR), y
Treatment use, No. (%)
Long-acting inhaled bronchodilators
Inhaled corticosteroids
Long-term oxygen therapy®
Long-term home NPPV*
Previous NPPV
Comorbidities, No. (%)¢
Chronic heart failure
Hypertensive heart disease
Ischemic heart disease
Diabetes
Obstructive sleep apnea
Atrial fibrillation
Cerebrovascular disease
Chronic kidney failure
Prior myocardial infarction
Peripheral vascular disease
Prior percutaneous coronary intervention
Exacerbation-related characteristics, No. (%)
Respiratory infection
Pneumonia
Heart failure
Exposure to air pollutants
Undetermined
Time from exacerbation to randomization, median (IQR), d°
Arterial blood gas levels at randomization, mean (SD)"
pH
Paco,, mm Hg
Pao,:Fi0,, mm Hg

Bicarbonate, mmol/L

73 (9)

100 (68)
47 (32)
165 (8)

65 (13)
60 (9)
24 (5)

90 (61)
48 (33)
40 (20-60) [n = 90]

35(12) [n = 116]
47 (12) [n = 116]
47 (32)

69 (47)

15 (10-20)

124 (84)
116 (79)
85 (58)
28 (19)
81 (55)

73 (50)
65 (44)
44 (30)
21(14)
16 (11)
15 (10)
10(7)
6(4)
4(3)
2(1)
2(1)

103 (70)
31(21)
50 (34)
3(2)

10 (7)
6(3-10)

7.31(0.06)
79 (15)
206 (59)
38(7)

73 (10)

103 (67)
50 (33)
164 (8)

64 (14)
59 (9)
24 (5)

98 (64)
63 (41)
30 (20-50) [n =98]

38(12) [n = 127]
48 (11) [n = 127]
52 (34)

75 (49)

10 (9-30)

133 (87)
122 (80)
98 (64)
32(21)
89 (58)

70 (46)
71 (46)
44 (29)
25 (16)
12(8)
10(7)
14.(9)
3Q2)
1(1)
3(2)
1(1)

100 (65)
38(25)
46 (30)
4(3)

13 (9)

6 (3-10)

7.31(0.05)
79 (15)
200 (51)
39(7)
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Table 1. Baseline Characteristics of the Participants (continued)

Noninvasive positive pressure ventilation (NPPV)

High intensity (n = 147)

Low intensity (n = 153)

Disease status score, mean (SD)

Modified Medical Research Council dyspnea scale' 3(1) 3(1)
COPD Assessment Test* 25 (6) 26 (7)
Acute Physiology and Chronic Health Evaluation II* 17 (4) 17 (4)

Abbreviations: COPD, chronic obstructive pulmonary disease; FEV;, forced
expiratory volume in the first second of expiration; F10,, fraction of inspired
oxygen; FVC, forced vital capacity.

2 Used to determine tidal volume. For male patients, this was calculated as
50 + 0.91 (centimeters of height -152.4); female patients, 45.5 + 0.91
(centimeters of height -152.4).

b Calculated as weight in kilograms divided by height in meters squared.
€ Obtained from the patients, their next of kin, or the medical record.

9|fit had been collected within the previous year, the pulmonary function
measure was considered valid. If the patient did not have a pulmonary
function result within the previous year, a bedside pulmonary function test
was required when patients were going to be discharged. However, 27
patients (18%) were unable to finish the bedside test and 4 (3%) refused to
participate in the high-intensity NPPV group and 24 (16%) and 2 (1%),
respectively, in the low-intensity NPPV group.

© Patients receiving oxygen therapy for at least 3 months prior to the current
hospitalization.

f Patients receiving home NPPV for at least 3 months prior to the current
hospitalization.

8 An exacerbation was defined as an acute worsening of respiratory symptoms
that result in additional therapy and was confirmed by an attending physician.

" Recorded after receiving low-intensity NPPV for 6 hours.

' The dyspnea scale ranges from a score of O to 4; higher scores indicate more
severe breathlessness. A score of 3 indicates that patients would feel
breathless after walking for a while before the current exacerbation.

i One patient in the low-intensity NPPV group was unable to finish the
assessments due to a poor level of consciousness; the scores for all questions
were calculated at the worst level (ie, the Modified Medical Research Council
dyspnea scale score was recorded as 4 and the COPD Assessment Test score
was recorded as 40).

¥ The score range is from O to 40; higher scores indicate more severe disease. A
score of 25 indicates that prior to the current exacerbation, patients had all of
the following: cough, phlegm, chest tightness, breathless, limited activities,
poor sleep quality, and low energy.

' The score range is from O to 71; higher scores indicate more severe disease
and higher mortality risk. A score of 17 indicates that the illness level of the
patient was quite severe; the predicted hospital mortality was around 20%.

Safety Outcomes

Abdominal distention occurred more frequently in the high-
intensity NPPV group (37.4% [55/147]) than in the low-
intensity NPPV group (25.5% [39/153]) (Table 3). There was in-
tolerance to NPPV because of abdominal distention (3.4%
[5/147]in the high-intensity NPPV group vs 0.7% [1/153] in the
low-intensity NPPV group), but no patients requested re-
moval of NPPV due to abdominal distension. There were no
cases of pneumothorax in either group. Other prespecified ad-
verse effects related to NPPV did not differ significantly be-
tween groups (eTable 16 in Supplement 3).

Serious adverse events were rare in both groups (Table 3).
0f147 patients in the high-intensity NPPV group, 6 (4.1%) ex-
perienced severe alkalosis (defined as a pH level >7.55) com-
pared with O of 153 patients in the low-intensity NPPV group.
Other prespecified serious adverse events did not differ sig-
nificantly between groups (eTable 16 in Supplement 3).

|
Discussion

In this randomized clinical trial conducted in patients with an
acute exacerbation of COPD and a Paco, level greater than
45 mm Hg after initially receiving 6 hours of low-intensity NPPV
when admitted to respiratory non-ICU wards, high-intensity
NPPV significantly reduced the number of patients who met
prespecified criteria for needing endotracheal intubation dur-
ing hospitalization compared with low-intensity NPPV.
However, the endotracheal intubation rate did not differ be-
tween groups. High-intensity NPPV resulted in more abdomi-
nal distention, but did not lead to severe intolerance of NPPV
or removal from NPPV. Except for mildly higher rates of se-

JAMA Published online September 16, 2024

vere alkalosis caused by high-intensity NPPV, severe adverse
events were rare and similar between groups.

Patients in the current trial had acute hypercapnic respi-
ratory failure that was superimposed on preexisting chronic
hypercapnic respiratory failure (as shown by their high Paco,
and elevated bicarbonate levels), leading to relatively mild
respiratory acidosis. Moreover, more than 55% of the patients
had prior use of NPPV, underscoring the severity of chronic
hypercapnic respiratory failure. Differing from previous trials
(eTable 17 in Supplement 3),3?2 patients in the current trial
had higher baseline Paco, levels, but the pH levels exhibited
only a slight decrease from baseline and were higher than
those reported by Brochard et al.?? This is mainly because
bicarbonate levels were already elevated during the stable
stage due to kidney compensation for chronic hypercapnic
respiratory failure. By the time of randomization, bicarbon-
ate levels had further increased along with elevated Paco,
levels because the median 6-day interval from exacerbation
to randomization provided sufficient time for further kidney
compensation.

The need for endotracheal intubation in the low-
intensity NPPV group was 13.7%, which is consistent with the
rates reported in previous studies. For instance, Plant et al®
found an endotracheal intubation rate of 15% among 118 pa-
tients with an acute exacerbation of COPD who were receiv-
ing NPPV, whereas in a large retrospective cohort study,
Lindenauer et al? reported an endotracheal intubation rate of
15.3% for 17 978 patients who were receiving NPPV.

The lower rate of endotracheal intubation (4.8%) with
use of high-intensity NPPV in the current study may be due
to several factors. First, high-intensity NPPV may provide more
support for the inspiratory effort in patients and alleviate
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Figure 2. Prespecified and Post Hoc Subgroup Analyses for the Primary Outcome of Need for Endotracheal Intubation

in the Noninvasive Positive Pressure Ventilation (NPPV) Groups

No./total (%) of patients

Favors  Favors
High-intensity Low-intensity Rate difference high-intensity  low-intensity P value for
Subgroup? NPPV NPPV (95% Clyb NPPV  NPPV interaction®
Prespecified
Sex
Male 4/100 (4) 13/103 (13) -0.09 (-0.16 to -0.01) —a— "
Female 3/47 (6) 8/50 (16) -0.10(-0.22 t0 0.03) — '
Age group, y
<70 2/57 (4) 7/55(13) -0.09 (-0.21t0 0.02)4 — 7
270 5/90 (6) 14/98 (14) -0.09 (-0.17 to -0.003) —— '
Ever smoked
No 4/57(7) 8/55 (15) -0.08 (-0.19 t0 0.04) —— 49
Yes 3/90(3) 13/98 (13) -0.10(-0.18 to -0.02) —— ’
pH level at randomization®
<7.3 6/63 (10) 13/52 (25) -0.15 (-0.29to -0.02) — 47
27.3 1/84 (1) 8/101 (8) -0.07 (-0.14 to -0.003)d —— '
Post hoc
Level of Paco, at randomization, mm Hg®
<80 4/80 (5) 5/85 (6) -0.01 (-0.09 t0 0.07)4 —a 06
280 3/67 (4) 16/68 (24) -0.19 (-0.30 to -0.08) —a— '
Ratio of Pao, to Fi0, at randomization, mm Hg®
<200 5/66 (8) 11/80 (14) -0.06 (-0.16 to 0.04) — 5g
2200 2/81(2) 10/73 (14) -0.11 (-0.20to -0.03) —a— ’
FEV,, % predicted
<35 3/57 (5) 7/61(11) -0.06 (-0.18 t0 0.05)4 —— 35
235 1/59(2) 8/66 (12) -0.10(-0.21t0 -0.01)d — '
APACHE Il score
<17 1/76 (1) 6/81(7) -0.06 (-0.15t00.01)4 —— 61
217 6/71(8) 15/72 (21) -0.12 (-0.24 t0 -0.01) —
—0.‘35 —0‘41 0 0.‘1 0.‘35

Rate difference (95% Cl)

APACHE indicates Acute Physiology and Chronic Health Evaluation;

FEV,, forced expiratory volume in the first second of expiration; Fio,, fraction
of inspired oxygen.

2The prespecified subgroups were determined by age, sex, smoking history,
and pH level at randomization. The post hoc subgroups were determined

by Paco, level at randomization, Pao,:Fio, at randomization, FEV, level, and
APACHE Il score.

bA rate difference of less than O indicates a reduced need for endotracheal

intubation and a rate difference greater than O indicates an increased need for
endotracheal intubation.

“The P values were calculated using the test for the subgroup x treatment
interaction.

9Indicates a Clopper-Pearson 95% Cl for the rate difference.

®Randomization occurred after all patients received 6 hours of low-intensity
NPPV during the run-in period.

dyspnea.*1%19 Second, high-intensity NPPV provides greater
pressure support and delivers a higher tidal volume, offset-
ting the dead space associated with the face mask and aug-
menting alveolar ventilation. The level of Paco, can be re-
duced toward normocapnia only if patients can tolerate high-
intensity NPPV.!° In the current trial, most patients tolerated
high-intensity NPPV and only 7.5% had severe intolerance, re-
sulting in a decrease in Paco, level to approximately 50 mm Hg
at 72 hours. In contrast, low-intensity NPPV provides rela-
tively less pressure support and delivers a smaller tidal vol-
ume, limiting the improvement in alveolar ventilation and re-
sulting in a limited decrease in Paco, level. In the current trial,
Paco, level remained at 64 mm Hg at 72 hours in the low-
intensity NPPV group. Third, high-intensity NPPV required pa-
tients to receive continuous NPPV, and produced a longer me-
dian daily duration of NPPV over the first 3 days compared with
low-intensity NPPV. This extended duration of NPPV use may
have further deceased Paco, levels at 72 hours. Fourth, through

JAMA Published online September 16, 2024

reduced activation of the renin-angiotensin-aldosterone sys-
tem, decreasing hypercapnia may result in less fluid reten-
tion and thus reduced airway edema, possibly further improv-
ing ventilatory status.!®?2 Fifth, decreased hypercapnia may
aid in restoring the depressed response of central chemore-
ceptors to an increase in Paco, levels by reducing the concen-
tration of cerebrospinal fluid bicarbonate, and decreased hy-
percapnia may aid in recovering diaphragm contractile
function.?#2° Both of these effects may also help to improve
ventilatory status.

In the current study, the endotracheal intubation rate did
not differ between groups, presumably due to the allowed
crossover of patients from low-intensity NPPV to high-
intensity NPPV if they met criteria for the need for endotra-
cheal intubation. Among patients in the low-intensity group
who met criteria for the need for endotracheal intubation and
who crossed over to high-intensity NPPV, most had improve-
ments in pH and Paco, levels with increases in IPAP level and
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Figure 3. Kaplan-Meier Curves for 4 Outcomes in the Noninvasive Positive Pressure Ventilation (NPPV) Groups
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All patients were observed to an event or at 28 days.
2Patients in the low-intensity NPPV group crossed over to high-intensity NPPV.

tidal volume, and 11 of 13 (85%) avoided endotracheal intuba-
tion. In this regard, the current trial could be interpreted as
showing no difference between the patients starting with a
strategy of low-intensity NPPV who were allowed crossover to
high-intensity NPPV and the patients starting with high-
intensity NPPV.

The patients in the high-intensity NPPV group had more
abdominal distension due to the high IPAP, which can cause
gas inflation into the stomach if it exceeds the lower esopha-
geal sphincter pressure.2®2” However, the presence of abdomi-
nal distension did not significantly affect the use of high-
intensity NPPV. Intolerance to NPPV due to abdominal
distension did not differ significantly between groups and no
patients requested removal of NPPV because of abdominal dis-
tension in either group. High-intensity NPPV was associated
with a mildly higher proportion of severe alkalosis, but no re-
lated severe adverse effects (such as myocardial ischemia, ar-
rhythmias, delirium, and seizures?®) were observed in the cur-
rent trial. Moreover, only 6 patients experienced severe
alkalosis (defined as having a pH level >7.55).

jama.com

High-intensity NPPV may potentially increase the risk of
ventilator-induced lung injury with a higher IPAP level. How-
ever, no patients had a pneumothorax in the current trial, which
may be due to exclusion of patients with emphysematous bul-
lae and setting an upper limit of TPAP level at 30 cm H,0.2° Con-
sistent with the findings from the current study, no pneumo-
thorax has been reported in previous studies including stable
patients with COPD.}*-3° There may be potential risks of dy-
namic hyperinflation and gas trapping associated with higher
tidal volumes. However, the high-intensity NPPV protocol used
did not incorporate a high backup ventilatory rate and the ac-
tual respiratory rate exhibited only a minor increase, allow-
ing patients to have sufficient expiratory time to achieve lung
emptying.®! This approach likely contributed to a reduced like-
lihood of worsening dynamic hyperinflation.!® In addition, the
applicability of the findings from the current study is best lim-
ited to patients experiencing only a slight increase in respira-
tory rate.

The strengths of this trial include its large size, multi-
center design, sealed randomization, clear enrollment criteria,
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Table 3. Safety Outcomes and Serious Adverse Events

Noninvasive positive pressure ventilation (NPPV), No. (%)

High intensity

Low intensity

(n=147) (n=153)
Safety outcomes?®
Complications related to NPPV
Abdominal distension 55(37.4) 39 (25.5)
Nasal or oral dryness 44 (29.9) 46 (30.1)
Severe air leakage® 26 (17.7) 17 (11.1)
Severe intolerance to NPPV© 11(7.5) 6(3.9)
Inability to remove respiratory secretions 8 (5.4) 9(5.9)
Nasal or facial skin necrosis 3(2.0) 6(3.9)
Claustrophobia 3(2.1) 4(2.6)
Intolerance to NPPV because of abdominal distension 5 (3.4) 1(0.7)
Aspiration 1(0.7) 1(0.7)
Hypotension 2(1.4) 0 — )
— 2 The outcome definitions appear in
Conjunctivitis 0 1(0.7) the eMethods in Supplement 3.
Serious adverse events ® Defined as an unintentional air
Severe alkalosis 6(4.1) 0 leakage volume exceeding 25 L/min.
Gastrointestinal tract bleeding 0 3(2.0) ¢ Defined as a tolerance level of O or
Nosocomial pneumonia 0 2(1.3) 1.0 |r_1c_:||ca_tes ver_y poor tolerance
g requiring immediate
Septic shock 1(0.7) 1(0.7) discontinuation of NPPV and 1
Multiple organ failure 1(0.7) 1(0.7) indicates poor tolerance, but did not
Cardiac arrest 0 2(13) require immediate discontinuation

of NPPV.

well-defined protocol, and strict criteria for defining the need
for endotracheal intubation with external validation by 3 in-
dependent experts blinded to the intervention.

Limitations

This study has several limitations. First, the study was pre-
maturely halted after enrolling half of the intended partici-
pants, following the recommendation of the data and safety
monitoring board to terminate the trial. This decision to ter-
minate the trial was informed by the results of the prespeci-
fied interim analysis, which revealed a substantial and statis-
tically significant difference in the primary outcome between
the study groups. In addition, unforeseen challenges (includ-
ing slower recruitment rates and the extensive disruptions
caused by the COVID-19 pandemic) contributed to the prema-
ture cessation of the study.

Second, because of the intervention performed in this trial,
treatment allocation was not blinded for all investigators and
the attending physicians, but was blinded to the indepen-
dent statistician from the data and safety monitoring board,
which may have led to possible bias.

Third, because randomization was not stratified by par-
ticipating center, unbalanced baseline characteristics may
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have occurred at some centers. However, the overall base-
line disease severity was well-balanced between groups.
Fourth, the trial was not powered to detect differences in
mortality because crossover from low-intensity NPPV to
high-intensity NPPV was permitted for patients who met
the prespecified criteria for endotracheal intubation, reduc-
ing the likelihood of between-group differences in endotra-
cheal intubation.

Fifth, our findings may not be generalizable to patients with
evident emphysematous bullae and presence of restrictive ven-
tilatory dysfunction (eg, pulmonary consolidation) because
these patients were excluded from this trial.

. |
Conclusions

Patients with COPD and persistent hypercapnia in the high-
intensity NPPV group (vs patients in the low-intensity NPPV
group) were significantly less likely to meet criteria for
the need for endotracheal intubation; however, patients in the
low-intensity NPPV group were allowed to crossover to high-
intensity NPPV, and the between-group rate of endotracheal
intubation was not significantly different.
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