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The recently diagnosed coronavirus disease 2019 (COVID-19), caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), in December 2019 commonly affects the respiratory system. The incidence of acute hypoxic respiratory failure varied
among epidemiological studies with high percentage of patients requiring mechanical ventilation with a high mortality.
Noninvasive ventilation is an alternative tool for ventilatory support instead of invasive mechanical ventilation, especially with
scarce resources and intensive care beds. Initially, there were concerns by the national societies regarding utilization of non-
invasive ventilation in acute respiratory failure. Recent publications reflect the gained experience with the safe utilization of
noninvasive mechanical ventilation. Noninvasive ventilation has beneficiary role in treatment of acute hypoxic respiratory failure
with proper indications, setting, monitoring, and timely escalation of therapy. Patients should bemonitored frequently for signs of
improvement or deterioration in the clinical status. Awareness of indications, contraindications, and parameters reflecting either
success or failure of noninvasive ventilation in the management of acute respiratory failure secondary to COVID-19 is essential for
improvement of outcomes.

1. Introduction

The recently diagnosed coronavirus disease 2019 (COVID-
19), caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), was initially recognized in Wuhan
City, Hubei Province, China, in December 2019. The WHO
declared COVID-19 as a global health emergency on January
31, 2020, and subsequently, a pandemic on March 11, 2020.
Globally, the disease has been reported in more than 210
countries with 512,225,941 confirmed cases and 6,230,957
mortalities till April 28, 2022. Since the first wave of COVID-
19, many countries have already seen the third wave of the
spread of this virus (e.g., India, Germany, USA, and others),
and a few countries (e.g., India, South Africa, and Zim-
babwe) are now witnessing the fourth and higher waves of
the COVID-19 pandemic. Different variants of the SARS-
CoV-2 virus have been identified since the initial pandemic.
The variants are different in rate of infectibility and fatality.

The Omicron variant is more infectious than the Delta
variant but less fatal, and consequently, less hospitalization.

Disease manifestation varies from mild flu like symp-
toms to severe respiratory failure with multiple organ in-
volvement. The risk of death among individuals infected
with COVID-19 was found to be in the range of 0.3% to
0.6%, which is comparable to that of a previous Asian in-
fluenza pandemic (1957 to 1958) [1]. It is now well recog-
nized that the severe pulmonary involvement manifested as
acute respiratory failure and adult respiratory distress
syndrome is strongly associated with worse outcomes.

1.1.PulmonaryManifestationsofCOVID-19. The respiratory
system is the most common organ affected by the COVID-
19. The common symptoms of the COVID-19 include fever
(82–91%), cough (57–72%), dyspnea (21–45%), and sputum
production (26–28%) which are usually mild [2, 3]. In severe
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cases, the clinical course can progress to pneumonia with
hypoxic respiratory failure and acute respiratory distress
syndrome (ARDS).

There are studies which have described the patterns of
lung involvement on computer tomography (CT) scan of the
thorax by COVID-19. In fact, CT findings can be diagnostic
of COVID-19 among patients with RT-PCR-negative pa-
tients. The common radiological abnormalities on CT scans
included ground glass opacity (14–98%), consolidation
(2–64%), consolidation plus GGO (19–59%), interlobular
septal thickening (1–75%), reticular pattern (1–22%), crazy
paving (5–36%), air bronchogram (21–80%), and bronchial
wall thickening (11–23%) [4].

1.2. Incidence of Acute Respiratory Failure (ARF).
Incidence of acute respiratory failure and need for me-
chanical ventilation varied among published studies due to
different timings in the pandemic, among countries, age
groups, resources, and variation in severity of disease at time
of presentation [5]. Acute hypoxic respiratory failure was
defined as (1) respiratory rate of 30 breaths per minute or
greater; (2) oxygen saturation of 93% or less in a resting state;
(3) arterial oxygen tension (PaO2)/inspiratory oxygen frac-
tion (FiO2) of 300mm·Hg or less (1mm·Hg� 0.133 kPa); or
(4) need for mechanical ventilation [6]. A study from China
reported that 5.0% of patients required admission in the ICU
and 2.3% underwent invasive mechanical ventilation [2].
Another epidemiological study reported 25% of patients
with severe or critical disease required mechanical venti-
lation [7]. In USA, 2.3% of hospitalized patients were ad-
mitted to ICU [8].

ARDS, the most severe for hypoxemia, is defined
according to Berlin definition into mild, moderate, and
severe, depending on the degree of PaO2/FiO2 ratio [9]. The
frequency of ARDS in COVID-19 varied between studies. A
retrospective analysis reported incidence of ARDS of 74.1%,
whereas Lai and colleagues identified that among hospi-
talized patients, about 20% developed ARDS and >25% of
patients required ICU admission [10, 11]. A meta-analysis of
observational studies and case reports has reported an in-
cidence of ARDS as high as 32.8% of patients during their
hospital admission [12]. Another study by Tzotzos et al. and
colleagues reported the weighted averages for the incidence
of ARDS among published studies. They reported that
among hospitalized patients, approximately 33% developed
ARDS, 26% required ICU admission, 16% received invasive
mechanical ventilation, and 16% died. They also reported
that two-third (63%) of patients who required ICU ad-
mission received mechanical ventilation; the indication of
mechanical ventilation was ARDS in 75% of patients.
COVID-19-associated ARDS mortality rate was 40% and
59% among who received invasive mechanical ventilation
(IMV) [13].

1.3. Pathophysiology of COVID-19 ARDS. Marini described
two distinct subsets of ARDS in COVID-19 patients. “Type
L” early in the process of the disease is related to interstitial
rather than alveolar edema with relatively good compliance

despite poor oxygenation, low elastance, lower lung weight,
and low response to PEEP. That stage can progress to stage
“type H” (similar to typical ARDS) with poor compliance,
higher elastance, higher lung volume, and low response to
PEEP. “Type L” ARDS stabilizes easily with just increasing
the FiO2 and may benefit from high flow nasal cannula or
noninvasive ventilation (NIV) depending on the respiratory
drive. Targeting a lower PEEP (8–10 cm H2O) is recom-
mended for “type L” ARDS to avoid ventilator-induced lung
injury (VILI) and avoiding patient self-induced ventilator
lung-induced injury (P-SILI). Larger tidal volume can be
applied for “type L” (7–8ml/kg ideal body weight). Lung
protective ventilation protocol should be applied to “type H”
ARDS with low tidal volume (6ml/kg ideal body weight) and
higher PEEP (<15 cm H2O) [14].

Invasive mechanical ventilation (IMV) is essential
therapeutic modality in themanagement of acute respiratory
failure but is associated with potentially preventable com-
plications such as atelectrauma, barotrauma, volutrauma,
biotrauma, and infection [15, 16]. Use of NIV may reduce
many of these complications without adversely affecting the
outcomes. Currently, NIV has been recommended for the
treatment of ARF due to acute exacerbation COPD, acute
cardiogenic pulmonary edema, in immunocompromised
patients, and de novo ARF [17]. De novo respiratory failure
is defined as respiratory failure occurring without prior
chronic respiratory disease with significant hypoxemia
(PaO2/FiO2≤ 200), tachypnea (respiratory rate >30–35
breaths/min), and a non-COPD diagnosis (e.g., pneumonia
and/or ARDS). NIV can decrease mortality (RR 0.83, 95% CI
0.65–1.05) and the need for intubation (RR 0.75, 95% CI
0.63–0.89). Patients should be carefully selected, closely
monitored in the ICU, and reassessed early after starting
NIV for evidence of worsening respiratory failure and es-
calation to invasive mechanical ventilation [17].

ARF secondary to COVID-19 remains a serious cause of
morbidity and mortality as we are experiencing the fourth
wave of COVID-19 with mutated variant with a different
infectivity. Despite significant increase in our understanding
of the pathophysiology of ARDS in COVID-19, the best
pharmacological and nonpharmacological therapeutic mo-
dalities for this disease are yet not known. However, the
management of hypoxemia is pivotal for good outcome. As
critical care resources remain scarce, NIV remains a tool that
can be utilized in the treatment of ARF in COVID-19.
Recent publication addressed previous concerns in regard to
utilization of NIV in treatment of ARF related to COVID-19
[18–23]. However, there are still many unanswered ques-
tions. The objective of the article is to review the current
literature and explore the effectiveness and safety of NIV in
treatment of COVID-19-related acute hypoxic respiratory
failure.

2. Methodology

The literature review was focused on the topics of NIV and
treatment of ARF in COVID-19 with critical analysis of the
data for exploring the strengths and weaknesses. We
complete an extensive literature search to ensure a
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comprehensive review of existing studies on the topic of our
document. We identified new and additional research by
performing targeted keyword searches (NIV, acute respi-
ratory failure, COVID-19, and pulmonary complications of
COVID-19) through PubMed and Google Scholar. We
identified and selected a total of 68 peer-reviewed, scholarly
sources, in particular the research topics, as our guide. For
the literature review, we ensured discussion of all literature is
presented in past tense.

3. Results

3.1. Application of NIV. Initially, the indications and con-
traindications of NIV in COVID-19 were extrapolated from
the general recommendation of NIV in the management of
ARF and published literature from previous pandemic (such
as H1N1) [18]. The recent literature provides data related to
the application of NIV which is COVID-19-related ARF
[24–28]. Recommended criteria for application of NIV in
selected patients are shown in Table 1.

NIV is contraindicated under certain situations in
COVID-19 patients as listed in Table 2.

3.2. Modalities, Interfaces, and Settings of NIV.
Noninvasive ventilation can be in the form of bilevel NIV or
CPAP primarily with escalation to NIV. Among interfaces,
full-face mask or helmet (preferable) is recommended but
not nasal masks. Monitor for full fit of the full-face mask and
any evidence of air leak. Recommended settings for NIV are
given as follows:

(i) CPAP for hypoxemic respiratory failure, com-
mencing at 10 cm H2O pressure and an FiO2 of 0.6,
with potential to increase to 12–15 cm H2O and
FiO2 1.0

(ii) BiPAP may be used for hypercapnic acute on
chronic respiratory failure

(iii) Recommended high peep (8–12 cm H2O) and low-
pressure support in order to obtain tidal volume
<9ml/kg ideal body weight

(iv) Titrate FiO2 to achieve target SpO2 94–96% or
88–92% for patients with acute on chronic respi-
ratory failure

3.3.MonitoringResponse toNIV. Response to NIV should be
monitored every 1–2 hours for either improvement or de-
terioration in the respiratory and clinical status. It is prudent
to identify patients for potential failure of NIV and esca-
lation to mechanical ventilation, without delay in endo-
tracheal intubation. Also, the patient should be monitored
for possible mask intolerance and mask malposition, with
possible air leak with limitation of PEEP and decruitment
leading to deterioration is gas exchange and increase in work
of breathing [17, 19–23, 29–33].

The following parameters should be monitored as a
standard practice:

(i) Oxygen saturation or arterial blood gas analysis

(ii) Tidal volume
(iii) Respiratory rate
(iv) Accessory respiratory muscles
(v) Hemodynamics (blood pressure, heart rate,

arrhythmias)
(vi) Mental status
(vii) Gastric distension and aspiration risk
(viii) Organ failure
(ix) Noncompliance

3.4. Indications of NIV Failure. The incidence of NIV failure
in moderate and severe ARDS is reported in >50% of cases,
with almost 50% mortality rates [31]. Indicators of NIV
failure include deterioration of clinical and respiratory
status, worsening of oxygenation with increase in respiratory
effort, within 1–2 hour of initiation of NIV (Table 3)
[29, 34–37]. ROX index is a useful tool to guide physicians in
treating patients with moderate acute respiratory failure
especially in a non-ICU setting. A ROX value <5.99 was
associated with an increased risk of failure (p � 0008 log-
rank test) [38].

Factors that are associated with increased mortality with
NIV are moderate and severe ARDS, simplified acute
physiology score [SAPS] >37, degree of hypoxemia with
PaO2/FiO2 ratio <150mm·Hg, high tidal volumes (>9.2 or
9.5mL/kg), presence of bilateral pneumonia, and progres-
sive worsening of the chest CT scan [10, 29, 34–40].

High tidal volumes (>9.2 or 9.5mL/kg) under NIV are
associated with increased mortality related to high spon-
taneous respiratory drive, with high volume resulting in
transpulmonary pressure variation which can lead to vol-
utrauma and patient self-induced lung injury (P-SILI)
[34–37, 41, 42].

3.5. Effectiveness of NIV. Faranone et al. assessed the effec-
tiveness and safety of NIV in treatment of acute hypoxemic
respiratory failure (AHRF) among 50 patients with COVID-19.
Authors reported a success rate of 64% among who received
NIV without limitation. Successful weaning from NIV was
predicted by use of corticosteroids (OR 15.4, CI 1.79–132.57;
p � 0.013) and the increase in the PaO2/FiO2 ratio measured
24–48h after NIV initiation (OR 1.02, CI 1–1.03; p � 0.015),
while it was inversely correlated with the presence of a DNI
order (OR 0.03, CI 0.001–0.57; p � 0.020) [43]. Menzella et al.
evaluated outcomes of 79 patients who requiredNIV for AHRF
secondary to COVID-19 infection. NIV was successful in
48.1%, and 25.3% required invasive mechanical ventilation
after a trial of NIV of whom 57% were discharged alive. The
authors concluded that NIV can be applied safely, and invasive
mechanical ventilation can be avoided in 50% of cases [44]. In
another study, authors reported that heart rate, acidosis
(assessed by pH), consciousness (assessed by GCS), oxygen-
ation, and respiratory rate (HACOR) at 1 hr were independent
risk factors for NIV failure. The HACOR ranged from 1 to 25,
and each point increase in score was associated with odds ratio
(OR) of NIV failure 1.73 (95% CI 1.58–1.95) [39].
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NIV (CPAP) has been compared with high flow oxygen
by nasal cannula (HFNC) and conventional oxygen for
management of AHRF due to COVID-19 [45]. The study
reported a significant reduction in the need for mechanical
ventilation among patients managed with CPAP. Escalation
to invasive mechanical ventilation was significantly lower
with CPAP (36.3%) vs. conventional oxygen therapy (44.4%)
(absolute difference, −8% [95% CI, −15% to −1%]; p � 0.03).
ICU admission was less in the CPAP group compared with

the conventional oxygen therapy group (55.4% vs. 62.9%,
respectively: absolute difference, −7% [95% CI, −15% to
−3%]). CPAP, compared to conventional oxygen therapy,
was associated with more frequent adverse events in 34.2%
vs. 13.9%, respectively [45].

Helmet noninvasive respiratory support has been sug-
gested as alternative to avoid droplet dispersion and
healthcare worker contamination. The benefit of CPAP
application by means of helmet can improve patient comfort
level and increase tolerability. The CO2 rebreathing is of
concern and depends on two factors: the fresh gas passing
through the helmet and the amount of CO2 produced by the
patient. The recommendation is to initiate CPAP at 5 cm
H2O and to titrate according to blood gas analysis and
respiratory mechanics. PEEP should not exceed 12–13 cm
H2O in order to avoid VAE and effect on hemodynamic due
to increase in intrathoracic pressure. Weaning from the
helmet should be initiated by incremental decrease in PEEP
while maintaining PO2/FiO2 ratio with FiO2 not higher than
50%. A proposed algorithm for the management of helmet
CPAP in ARF was recently published [26].

A recent review on mortality and clinical outcomes of
patient with COVID-19 pneumonia treated with NIV
concluded that CPAP and NIV appeared equally and fre-
quently applied in patients with COVID-19 pneumonia but
associated with higher mortality. Utilization rate of CPAP
and NIV was 48.4% and 46%, respectively. Noninvasive
respiratory support was unsuccessful in 47.7%, of which
26.5% were intubated with 40.9% mortality. NIV was as-
sociated with a higher in-hospital mortality compared to
CPAP (35.1% vs. 22.2%). The indications for endotracheal
intubation and invasive mechanical ventilation were de-
creased level of consciousness, exhaustion, refractory hyp-
oxemia, sepsis, and hemodynamic instability [46].

Factors that are associated with increased mortality with
NIV are moderate and severe ARDS, simplified acute
physiology score [SAPS] >37, degree of hypoxemia with
PaO2/FiO2 ratio <150mm·Hg, high tidal volumes (>9.2 or
9.5mL/kg), presence of bilateral pneumonia, and progres-
sive worsening of the chest CT scan [10, 29, 34–37, 41, 42].
Reported total mortality rate ranged between 24.6% and
25.3% [45, 47]. Chacko et al. reported overall mortality in

Table 1: Criteria for application of NIV in selected patients.

(1) Clinical criteria:
(i) Moderate to severe dyspnea with signs of respiratory effort and use of accessory muscles or paradoxical abdominal movement (increase
work of breathing) or staccato speech.
(ii) Tachypnea over 30 bpm.
(iii) No multi-organ failure (APACHE<20)
(iv) Known patient history of OSA, COPD, congestive heart failure, or cardiogenic pulmonary edema and neuromuscular disorders with
acute or exacerbated hypercapnic respiratory failure.
(v) Availability of an expert team and continuous monitoring.
(vi) Early intubation (within the hour) if there is no improvement.
(vii) Patients with do-not-intubate status.
(viii) Postextubation phase of ARDS.
(2) Blood gas criteria:
(i) Need for FiO2 greater than 0.4 to achieve an SpO2 of at least 92%, or SpO2 <94%, RR> 20 with poor response to oxygen 10–15 l/min.
(ii) Acute hypercapnic respiratory failure (pH< 7.35 with PaCO2> 45mm·hg).
(iii) PaO2/FiO2> 150 but <300, or SpO2< 90–94% on non-rebreather.

Table 2: Contraindications for NIV in COVID patients.

Indication for invasive mechanical ventilation
Limited personnel experience with HFNC/NIV
Lack of capability of monitoring
Lack of infectious control and control of aerosolized transmission
Hemodynamic instability and cardiac arrhythmias
Multiple organ failure
Abnormal mental status or encephalopathy
Over-ventilation and “patient-induced lung injury” (PILI)
Cardiopulmonary arrest
Uncooperative patients
Inability to protect airways
Anatomical and/or subjective difficulties gaining access to the
airway
Gastrointestinal bleeding, ileus, or risk for aspiration
Severe hypoxemia or acidosis (pH< 7.1)
Excessive secretions
Recent upper airway or upper gastrointestinal surgery
Severe hypoxemia on admission defined as PaO2/FiO2< 150
Pneumothorax, pleural effusion, or pulmonary embolism
Recent facial trauma or facial surgery
SOFA score >5 is predictive of NIV failure
CXR/CT showing evidence of bilateral, multi-lobar involvement

Table 3: Indicators of NIV failure.

Simplified acute physiology score [SAPS] >37
High APACHE score
PaO2/FiO2 ratio <150mm·Hg
High tidal volumes (>9.2 or 9.5mL/kg)
Respiratory rate >30/min
HACOR score >5 [34]
Acute respiratory acidosis with rise in PaCO2
ROX index <3 at 2 hours
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patients who required NIV was 30.1%. On adjusted analysis,
mortality was associated with older age (OR, 1.08; 95% CI,
1.04 to 1.12), severe ARDS (OR, 4.04; 95% CI, 1.08 to 15.1),
and higher peak D-dimer level (OR, 2.75; 95% CI, 1.19 to
6.37), requirement for intubation (OR, 9.36; 95% CI, 3.38 to
25.94), and need for inotropes and/or dialysis (OR, 9.19; 95%
CI, 2.83 to 29.9) (3.1%) [48].

3.6. Alternatives to NIV. HFNC can be utilized safely in
acute hypoxic respiratory failure associated with severe
COVID-19 pneumonia. A prospective study from two
tertiary care hospitals evaluated the incidence of successful
weaning from HFNC as a primary outcome; in addition,
study reported the incidence of failure and need for esca-
lation and endotracheal intubation, and overall mortality.
Study showed that HFNC was successful in 47% and 93% of
patients who were discharged home. Predictors of success of
HFNC, at the time of application, were higher oxygen
saturation, lower respiratory rate, lower oxygen requirement
within 6 hours of HFNC, higher ROX-6 and mROX-6 score,
and no steroid usage. The authors concluded that HFC was
feasible in the treatment of AHRF associated with severe
COVID-19 pneumonia, but mortality was high in patients
who failed HFNC trial [49].

HFNC can improve dyspnea scores in patients with
AHRF and be applied in non-ICU areas [50–52]. In a
prospective randomized trial, HFNC was compared to
conventional oxygen therapy (COT) in the treatment of
hypoxic respiratory failure. HFNC significantly improved
dyspnea (2.0± 1.8 vs. 3.8± 2.3, p � 0.01) compared with
COT.The HFNC decreased the respiratory frequency within
5 minutes of its application. Roca et al. reported improve-
ment in dyspnea (p � 0.001) and overall comfort (p< 0.001)
with HFNC compared to conventional face mask 50 [51].
HFNC can be utilized during breaks from NIV with sig-
nificantly lower dyspnea scores compared to standard ox-
ygen therapy [53]. HFNC may be an alternative method for
palliative patients with hypoxic respiratory failure and do-
not-intubate status in improving dyspnea within the first
hour of treatment [54].

3.7. HealthcareWorker Risks and Environmental Protections.
Safety of the delivery of the ventilatory support is one major
concern for healthcare worker regarding bio-aerosolization
and nosocomial SARS-CoV-2 transmission. Menzella and
Avdeev et al. reported low risk of healthcare worker con-
tracting COVID-19 infection (1.6%) [44, 55].

Invasive ventilation and helmet ventilation with a PEEP
valve were found to be associated with the lowest bacte-
riophage concentrations in the air, and HFNO and nasal
prongs were associated with the highest concentrations in
the environment [56]. In another study performed on
healthy subjects, neither humidified HFNC nor NIV in-
creased aerosol generation from the respiratory tract mea-
sured in a negative pressure room. Aerosol generation is
influenced more by breathing pattern and coughing [57].
Personal protective equipment and environmental control
(negative pressure rooms) should be the initial concern and

consideration when managing patients with COVID-19.
There should be emphasis on adherence with infection
control protocols among healthcare workers to decrease the
incidence of infection [47].

3.8. Application of NIV outside of ICU Settings. There was an
increase in the utilization of NIV outside the ICU area due to
lack of ICU resources and bed availability. Nava reported
feasibility of out-of-ICU noninvasive respiratory support in
the treatment of patients with COVID-19 pneumonia and
favorable outcomes. Majority of patients were treated with
CPAP. The 30-day unadjusted mortality was 30% for both
CPAP and NIV. Incidence of endotracheal intubation for
CPAP and NIV was 25% and 28%, respectively. Mortality
was related to age and comorbidities but not to noninvasive
respiratory support after adjustment for cofounders. There
was 11.4% incidence of healthcare workers tested positive for
infection [58].

In a prospective single-day observational study from 31
hospitals in Lombardy, Italy, 10% of patients received NIV
outside the ICU, and 68% were treated with CPAP delivered
by helmet. Failure rate was 37.6%; on the contrary, 62.4%
patients were discharged alive without need for intubation.
In-hospital mortality was 25% [59].

NIV can be applied on regular wards as a viable ceiling
treatment option in patients with underlying severe
comorbidities, such as CAD and hematological diseases,
with acute hypoxic respiratory failure secondary to severe
COVID-19 pneumonia. Reported survival rate was 29%.
Worsening hemodynamic and vital signs within 48 hours of
initiating NIV were poor indicators [60].

4. Discussion

Around 5% of COVID-19 patients develop a critical form of
the disease with AHRF necessitating ICU admission, and
delaying intubation may prove fatal among these patients.
Adding to the controversy, early intubation, and mechanical
ventilation, within 2 days of ICU admission, for patients with
COVID-19 with AHRF was associated with increased 60-day
mortality as compared to initial use of noninvasive oxygen
support [42.7% versus 21.9% (p< 0.01)]. In addition, delayed
intubation group (intubation after the first 2 days after ICU
admission) had a similar outcome to those in the early IMV
group, with a 60-day mortality of 42.2% and 42.7%, re-
spectively. Patients without any IMV intervention had the
highest survival rate with 60-day mortality of 10.8% [61].

Data for the Lombardy region in Italy support the above
data. Patients who subsequently intubated after a trial of
unsuccessful NIV had a significantly lower chance of sur-
vival compared with the patients who continued NIV and
did not require IMV (HR, 1.69; 95% CI, 1.43–1.98;
p< 0.001). The mortality of the patients who undergone
subsequent intubation was similar to the group of patients
who were treated with IMV at the time on admission to ICU
(HR for IMV vs. NIV failure, 1.20; 95% CI, 0.95–1.53;
p � 0.12). The mortality rate and mortality rate per 1000
patient-days were lower in the NIV group compared to IMV
group [62].
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Data from the interim analysis of the international,
multicenter HOPE COVID-19 registry concluded that NIV
can be a feasible alternative to IMV especially when ICU
resources are limited. NIV was indicated in 20% of their
study population. NIV was successful in 50% of cases. In-
hospital death was 37.7%, while 15.9% of patients needed
invasive ventilation and were associated with high rate of in-
hospital death. Those requiring invasive ventilation had the
lowest survival rate (41.9%). Both NIV and IMV groups were
associated with an increased risk of mortality (HR 1.26, 95%
CI 1.04 to 1.53 and HR 1.91, 95% CI 1.45 to 2.53, respec-
tively). The population treated with IMV at any point had
increased mortality risk compared to those who only re-
ceived NIV (HR 1.52, 95%CI 1.11 to 2.06, p � 0.008). 37.7%)
[63].

Recommendations and consensus statements by medical
societies (NIH, Australian and New Zealand Intensive Care
Society, WHO, Surviving Sepsis Guidelines SCCM, and
Austrian Society of Pneumatology) [20–23, 31] regarding
NIV in management of ARF have been published based on
published studies with variability of level of evidence, ab-
sence of randomization, and a different methodology. Most
observational studies suggested that NIV can be utilized with
caution in selected patients with ARF, in particular mild
ARDS, and to be treated under close observation and
readiness to escalate to IMV. NIV could be utilized to avoid
intubation or re-intubation postextubation. Ideally, NIV
should be applied in negative pressure rooms withminimum
six air exchanges per hour or 12 as recommended by WHO,
or in a single occupancy neutral pressure room (if negative
pressure room is unavailable) with proper adherence to
wearing personal protective equipment (PPE)
[18–23, 29–33].

Different medical societies were cautious in their rec-
ommendations for high flow nasal cannula (HFNC) and
noninvasive mechanical ventilation (NIV) in the manage-
ment of acute respiratory failure related to COVID-19,
especially, in the absence of indication for endotracheal
intubation and mechanical ventilation. The concern is
delaying endotracheal intubation and increasing mortality.
Data from non-COVID-19 trials showed reduction in the
requirement of invasive mechanical ventilation when HFNC
or NIV, compared to conventional oxygen therapy, was
utilized with decrease in the endotracheal intubation rates
and escalation of respiratory support [64, 65]. NIH rec-
ommended HFNC oxygen over NIV; NIV is recommended
only in controlled setting when HFNC is unavailable. Panel
also recommended the close monitoring of patients for
worsening of the respiratory failure and avoiding delay
intubation [66].

Several factors contribute to failure of NIV such as type
of interface, ventilatory modality (i.e., continuous positive
airway pressure (CPAP) vs. bilevel), and lower or higher
positive pressures, and pathophysiological characteristics of
COVID-19-related interstitial pneumonia and ARDS
[14, 67].

NIV is an option for respiratory management of
COVID-19-related acute hypoxic respiratory failure. Proper
selection of patients, application of proper setting with

fitting of face mask or helmet in proper setting, close
monitoring for elements of worsening of respiratory status,
and readiness for escalation of care are essential in the
management of those patients.

5. Conclusion

NIV is feasible in the treatment of AHRF secondary to
COVID-19 infection both in the ICU and out-of-ICU set-
ting. NIV is expected to improve oxygenation and decrease
the work of breathing. It can reduce the need for mechanical
ventilation and complications associated with it. Helmet
noninvasive respiratory support is as alternative to oronasal/
full-face mask during NIV. Close monitoring and early
identification of NIV failure are key to avoid delayed in-
tubation-associated mortality. Well-designed studies are
needed to find the best protocol, including initial settings
and weaning, and interface to be used. Also, further studies
are required to define the exact role of NIV, especially when
it is compared with HFNC.
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Intermittent abdominal pressure ventilation is a positive pressure ventilation technique that works with abdominal compressions.
It has been known since 1938; however, for many years, it was out of production. In recent years, a new device has been produced
that has captured the attention to this old respiratory support technique. We considered eight patients with respiratory failure
secondary to a neuromuscular disease (congenital myopathy, Duchenne dystrophy, and amyotrophic lateral sclerosis) intolerant
to daytime noninvasive ventilation (NIV). IAPV was proposed as an alternative to NIV. We performed baseline and post-IAPV
respiratory function assessment. All patients, two years later, are still using intermittent abdominal ventilation. Intermittent
positive abdominal mechanical ventilation can be a valid alternative to noninvasive mechanical ventilation with a nasal or face
mask. It improves gas exchange, symptoms, and quality of life, decreases the incidence of pneumonia, and can avert the need for
intubation and tracheotomy.

1. Background

We are used to thinking of noninvasive mechanical venti-
lation as positive pressure ventilation using a nasal or face
mask. &is type of interface interferes with the patient’s
quality of life who has to start using NIV, and often, the
patient rejects it. Intermittent abdominal pressure ventila-
tion is a positive pressure ventilation technique that works
with abdominal compressions. It is a system of noninvasive
respiratory care known since 1938 [1], individually modified
to the cure of postdiphtheritic respiratory paralysis or re-
spiratory paralysis due to anterior poliomyelitis [2]. In 1987,
a marginal approach to NIV with IAPV was described in
patients with spinal cord injury [3].

In 1988, Miller et al. described a rehabilitative practice in
high quadriplegic patients with tracheostomy about speech
capability and safe respiratory management with an optimal

patient tolerance of treatment [4]. Later, in 1991, Bach
described long-term use of IAPV in patients diagnosed with
different neuromuscular diseases (myopathy, Duchenne
dystrophy, and spinal cord injury). In this paper, only 54 out
of 209 initially undergoing the trial were long-term adapted
to IAPV [2].

IAPV facilitates diaphragmatic motion and may be
particularly useful in patients with bilateral diaphragmatic
weakness or paralysis and permits plugging of the trache-
ostomy tube with cuff deflation for several hours during the
day, with the prevention of tracheal damage. However, it was
out of production for many years, until 1990. It led to a loss
of knowledge of the method, and only in recent years, some
centres have begun to have an interest in this old, renewed
technology again. &e device available today is the LunaBelt
(Dima Italia Inc., Bologna, Italy); it is a transportable
ventilator.
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Along with the PBAir™ corset, it is easy to utilize the
intermittent abdominal pressure ventilation (IAPV) device.
&e LunaBelt is a portable ventilator explicitly designed to
operate the IAPV through dedicated software and a new
abdominal interface called PBAir®. Recently, case reports
have been published on its use in patients with late-onset
Pompe disease, postischemic cervical myelopathy, and ALS
[5–7]. IAPV has been reported to facilitate good mechanical
ventilation adaptation with an efficient ventilation pattern
and good peripheral oxygenation. We describe the use of
IAPV in our respiratory pathophysiology unit.

2. Materials and Methods

We evaluated 8 patients (Pt) diagnosed with neuromuscular
disease who presented with ventilatory insufficiency with
dyspnea and reduced tidal volume on spirometry and with
an indication for NIV. One congenital myopathy patient (Pt
1, female, 32 ys), two Duchennemuscular dystrophy patients
(Pt 2, 3, males, 22 and 20 ys), and two ALS patients (Pt 4, 5,
males, 62 and 63 ys) had previously refused noninvasive
mechanical ventilation due to claustrophobia, interface in-
tolerance, and emotional and psychological factors. Pt 2,
affected by Duchenne muscular dystrophy, also complained
of gastric and colonic distension. Two patients with ALS (Pt
6, 7, males, 68 and 25 ys) and one patient with Duchenne
muscular dystrophy (Pt 8, male, 19 ys) were treated with
noninvasive mechanical ventilation with a nasal mask, with
poor compliance of gastric hyperdistention and severe skin
decubitus (Table 1). All patients agreed to carry out a trial
with IAPV with LunaBelt (Dima Italia Inc., Bologna, Italy).
&e LunaBelt has internal battery power that can also,
eventually, be used for noninvasive respiratory support for
sleep. It provides a dedicated IAPV mode. &e IAPV corset
is lightweight, comfortable, and fitted with Velcro fasteners
(Figure 1). Like earlier IAPV, cyclical inflation of a rubber
bladder inside the corset pushes the diaphragm upwards to
eject air from the residual volume. It allows air to enter the
lungs via the upper airway as gravity moved the diaphragm
back to its resting position [8, 9]. We set the following IAPV
parameters: pressure (pressure inside the bladder), inspi-
ratory time (an adequate inspiratory time when the dia-
phragm returns), frequency (respiratory rate), and rise time
(time to pump up the bladder). &e parameters were ad-
justed for each patient (Table 2).

A functional respiratory assessment (tidal volume
measurement, peak expiratory flow, and oxygen saturation)
was performed during spontaneous breathing and using the
IAPV. Inspiratory volume, expiratory volume, and peak
expiratory flow were evaluated. Tidal volume was assessed in
the inspiratory phase (the diaphragm’s prevalent muscular
activity) and the expiratory phase (elastic return of the lung
and chest wall compliance). A day hospital training session
was carried out before use at home.

3. Results

All patients performed the baseline assessment and tolerated
the IAPV treatment. Pt 1 (congenital myopathy), Pt 2 and 3

(Duchenne patients), and two ALS patients (Pt 4 and 5) had
previously refused NIV, while they tolerated and adapted
well to IAPV. Pt 6 presented with deep nasal, frontal, and
retronucal pressure sores, which interfered with the use of
NIV; he therefore enthusiastically accepted IAPV. Pt 2, 7,
and 8 presented with aerophagia and gastric overdistension.
IAPV, thanks to abdominal compressions, allowed us to
counteract the air retention that occurred during nonin-
vasive positive pressure ventilation that Pt 7 and 8 used at
night. &e mean spontaneous tidal volume at baseline was
316.375± 146.80mL, increased to 678± 334mL using the
IAPV. &e tidal volume was doubled for all patients during
IAPV use. &e parameters for each patient are shown in
Table 1. Peak expiratory flow measured in baseline condi-
tions was 29.5± 10.9mL. During IAPV, the average peak
flow was 54± 18.04mL. Pt 4, 5, 6, 7, and 8 performed air
staking during IAPV use. All patients are still using IAPV
after three years. &ree patients (Pt 1, 2, and 3) rely on the
IAPV as their sole method of ventilatory support 24 hours a
day. &e IAPV, as the only respiratory support, became
ineffective for two patients (Pt 4 and 5) after 2 years of use,
and these patients then switched to daytime IAPV and
nocturnal positive pressure ventilation with a nasal mask
due to the appearance of obstructive sleep apnea syndrome.
Pt 6, 7, and 8 associated IPAV with nocturnal noninvasive
mechanical ventilation with a nasal (Pt 8) or facial (Pt 6 and
7) mask, which they already used (Figures 2 and 3).

4. Discussion

We know that the lungs dilate, thanks to the expansion of the
thoracic cavity that is realized by two mechanisms: the
contraction of the internal intercostal muscles, which raise
the ribs and widen the chest (rib or thoracic breathing) and
the contraction of the diaphragm, which expands down-
wards (abdominal or diaphragmatic breathing) [10]. When
the diaphragm is weak, a manual or mechanical thrust to the
abdominal wall can force the diaphragm upward to expel air
below the patient’s average resting lung volume or functional
residual capacity. Tidal volume improves through several
mechanisms: it increases the chest wall elastance because the
elastic recoil pressure of the chest wall is negative at this
lower lung volume; inspiration takes this increased elastic
energy and improves tidal volumes. Also, enhanced length-
contraction characteristics of the diaphragm can enhance
the force of diaphragmatic contraction. In addition to this,
gravity augments both. &e patient can further increase tidal
volumes and add to ventilator-derived intermittent ab-
dominal pressure ventilation through the respiratory mus-
cles’ voluntary activity or by glossopharyngeal breathing.

&e LunaBelt device is simple to use, and the corset is
quick to put on. It helps to carry out a training period for
family members, as for all devices, with particular attention
to patients who will have to use noninvasive mechanical
ventilation with the mask. &e IAPV only operates effec-
tively when the subject is in the sitting posture [2, 5] at an
angle of 30° or more and is ideal at 75° [11] because the
increase in lung volume is generated by gravity. For severely
obese patients or patients with severe chest wall deformity, it
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may be ineffective. However, there have been reports of
patients using IAPV even during sleep with excellent
comfort and adherence to treatment [2, 9].

Bach, in 1991, described an extensive series of patients
using the IAPV for many years. &ey suggested that IAPV is
a safe and helpful technique of long-term daytime ventila-
tory support for paralytic/restrictive respiratory deficiency

subjects [2]. Its use is enhanced in combination with other
noninvasive methods of ventilatory support, thus elimi-
nating the need for tracheostomy and improving the use of
glossopharyngeal breathing. Several authors have described
follow-up as essential because the IAPV can become less
effective over time [2, 5]. We found an improvement in the
cough peak, which, in some patients, allowed a better

Table 2: IAPV parameters: we suggest starting with Pbelt of 0–70Hpa (at the beginning: 30–40Hpa); select desired Ti (during Ti set, PBAir
will be deflated, while the patient will be able to inhale); backup rate as desired; rise time usually 1.0 s; expiratory time (abdominal
compression) will be linked to the backup rate and inspiratory time set. For example, set inspiratory time: 1.5 sec, Fr: 15 bpm, and derivative
expiratory time: 2.5 sec.

Intermittent abdominal pressure ventilator (LunaBelt)
Mode Timed Spontaneous/timed
Pressure belt 0–70 hPa 0–70 hPa
Time inspiratory 0.3–5.0 sec Na
Time inspiratory minimum Na 0.3–3.0 sec
Time inspiratory maximum [(60/Freq)− 0.6 sec] [(60/Freq− 0.6 sec)]
Time expiratory minimum Na 0–1.5 sec
Backup frequency 1–60 bpm 1–60 bpm
Frequency maximum [60/(Tinsp + 0.6 sec)] [60/(Tinsp + 0.6 sec)
Rise time 0.1–1.0 sec 0.1–1.0 sec
Trigger inspiratory (nasal cannula) Na Auto
Trigger expiratory (nasal cannula) Na Auto

Table 1: Patient’s characteristics and slow vital capacity (SVC) at baseline and during IAPV.

Disease Gender Age SVC (ml) Basal RR NIV adherence Pbelt, Ti, FR (cm H2O, sec, bpm) IAPV vital capacity (ml)
Myopathy F 32 340 15.6 Refused 30, 1.8, 13 748
Duchenne M 22 270 18.9 Refused 60, 1.5, 15 648
Duchenne M 20 320 22.2 Refused 50, 1.4, 15 578
ALS M 62 440 15.4 Refused 30, 1.5, 13 962
ALS M 63 780 16.9 Refused 50, 1.5, 12 1484
ALS M 68 250 19.8 Poor compliance 60, 1.2, 18 514
ALS M 25 280 19.8 Poor compliance 60, 1.5, 14 524
Duchenne M 19 150 26.2 Poor compliance 50, 1.5, 16 475

Figure 1: Patient during ventilation with LunaBelt.
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clearance of secretions, even during air staking manoeuvres.
Bach and Alba stressed that regular follow-up is essential
because IAPV can become less effective with time [2].

Our experience agreed with previous suggestions and
results described in recent case reports that patients with
severe restrictive syndrome adjusted well to and were suc-
cessfully ventilated by the IAPV, using it for several years. In
our population, IAPV has been well tolerated for over two
years. &e average time of IAPV use was 10–12 hours per
day. In some patients, due to the progression of neurode-
generative disease, it was necessary to integrate the treat-
ment with positive pressure ventilation with a mask during
the night hours due to obstructive sleep apnea syndrome.
IAPV facilitates diaphragmatic motion and may be partic-
ularly useful in patients with bilateral diaphragmatic
weakness or paralysis and permits plugging of the trache-
ostomy tube with cuff deflation for several hours during the
day, with the prevention of tracheal damage. IAPV permits
patients to speak and provides an effective daytime venti-
latory pattern; it also allows the maintenance of an excellent
peripheral saturation without dyspnea, a significant im-
provement in salivary secretionmanagement, and a decrease
in the need for tracheal aspiration. IAPV can be used in
patients who require NIV many hours a day alternatively or
alternating NIV with a mask. NIV can be a cause of severe

gastric insufflation. Patients with neuromuscular pathology
may have altered intestinal smooth muscle, leading to air
retention in the stomach and colonic [12]. In particular,
dystrophin is expressed in the smooth muscle of the gas-
trointestinal tract. &e disruption of protein expression can
lead to functional disturbances of the gastrointestinal tract,
including acute gastric dilatation, gastroparesis, and intes-
tinal pseudo-obstruction [13].

Moreover, aerophagia is a significant NIV-related
problem that appears in up to half of patients with NIV and
may lead to the discontinuation of treatment. Patients with
gastric distension may benefit from the device’s abdominal
compression during the exhalation phase [9, 10]. Regurgi-
tation of food during meals, catching of clothing on straps
and Velcro fasteners, redness of bony prominences, and
inability to shower or bathe during use have been reported as
possible disadvantages [11]. In the past, sacral decubitus has
been described in patients that used IAPV constantly [2].

5. Conclusion

&e use of IAPV is limited to a few centres, likely due to the
long time required to adapt and monitor the patient. It is
necessary to have different possibilities for noninvasive
mechanical ventilation to guarantee the optimal interface for

0

20

40

60

80

100

120

1 2 3 4 5 6 7 8

Lp
m

Peak Exp Flow SB
Peak Exp Flow IAPV

Figure 3: Peak flow at baseline and during IAPV.

0

200

400

600

800

1000

1200

1400

1600

1 2 3 4 5 6 7 8

m
L

Insp Volume SB
Exp Volume SB

Insp Volume IAPV
Exp Volume IAPV

Figure 2: Inspiratory and expiratory volume measurement at baseline and during IAPV.

4 Canadian Respiratory Journal



the patient. IAPV is a comfortable alternative to NIV with a
mask, and it is significant for patients requiring daytime
support and patients with chronic disease to be considered
for NIV. Patients with the need for continuous noninvasive
ventilation often present pressure ulcers from the mask,
aerophagia, and intolerance to the mask due to interference
with social life. &ese complications can lead to the failure of
NIV [14, 15]. IAPV maintains good ventilation and oxy-
genation and reduces complications related to positive
pressure ventilation with a mask. It can also be used often in
addition to or alternating NIV with a mask [16]. It can be
helpful to alternate the interface in patients who need
ventilator support 24 h a day and to carry out daily life
activities without interference related to the use of masks.

Data Availability

&e data that support the findings of this study are available
from the corresponding author upon reasonable request.
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Background. A rating scale that takes into account heart rate, acidosis, consciousness, oxygenation, and respiratory rate (the
HACOR score) has been used to predict noninvasive ventilation (NIV) failure in patients with chronic obstructive pulmonary
disease (COPD). However, the HACOR score has not been used to predict NIV failure in non-COPD patients with acute-on-
chronic respiratory failure. Methods. *is study was performed in the respiratory intensive care unit of a teaching hospital. Data
had been collected prospectively between June 2011 and January 2019. We enrolled non-COPD patients who received NIV due to
acute-on-chronic respiratory failure, pH< 7.35, and PaCO2 >45mmHg. NIV failure was defined as requiring intubation or dying
during NIV.*eHACOR score was determined at initiation and after 1-2, 12, and 24 h of NIV. Scores can range from 0 to 27, with
higher scores indicating a higher risk of NIV failure. Results. A total of 148 patients were enrolled in the study, 52 with sleep apnea-
hypopnea syndrome, 34 with chronic thoracic sequelae, 31 with bronchiectasis, 14 with chest wall deformity, 5 with obesity-
hypoventilation syndrome, and 12 with other conditions. Of the patients, 19 (13%) experienced NIV failure. From initiation to
24 h of NIV, the HACOR scores of patients who experienced NIV failure were much higher than those of patients who received
successful NIV. *e area under the receiver operating characteristic curve was 0.69, 0.91, 0.91, and 0.94 when the HACOR score
was tested at initiation and after 1-2, 12, and 24 h of NIV, respectively. To obtain the best sensitivity and specificity, the cutoff value
at initiation was 7 with a sensitivity of 68% and a specificity of 61%. After 1-2 h of NIV, it was 5 with a sensitivity of 90% and a
specificity of 85%. After 12 h of NIV, it was 4 with a sensitivity of 82% and a specificity of 91%. After 24 h of NIV, it was 2 with a
sensitivity of 100% and a specificity of 76%. Conclusions. *e HACOR score has high sensitivity and specificity for predicting NIV
failure among non-COPD patients who receive NIV due to acute-on-chronic respiratory failure with respiratory acidosis.

1. Introduction

Physiologic research shows that noninvasive ventilation
(NIV) increases minute ventilation, improves gas exchange,
counterbalances intrinsic positive end-expiratory pres-
sure (PEEP), and decreases the work of breathing [1, 2]. In
patients with hypoxemic or hypercapnic respiratory
failure, NIV reduces the requirement for intubation for
invasive mechanical ventilation [2–5]. As NIV benefits
patients with acute respiratory failure, its use increases
year by year [6].

Acute-on-chronic respiratory failure is common in
patients with chronic obstructive pulmonary disease
(COPD), sleep apnea-hypopnea syndrome, chronic thoracic

sequelae, bronchiectasis, chest wall deformity, obesity-
hypoventilation syndrome, neuromuscular disease, and
other conditions. In COPD patients with hypercapnia due to
acute-on-chronic respiratory failure, NIV reduces the need
for intubation [7, 8]. Guidelines strongly recommend pro-
viding NIV to COPD patients [9, 10]. However, evidence of
the use of NIV is rare among non-COPD patients with
acute-on-chronic respiratory failure.

Although NIV reduces the need for intubation among
COPD patients, mortality increases significantly if patients
experience NIV failure [11, 12]. Among patients who ex-
perience NIV failure, delayed intubation further increases
mortality [13]. *erefore, early identification of patients at
risk for NIV failure and early intubation may reduce
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mortality. In a previous study, we developed a rating scale
(the HACOR score) to predict the risk of NIV failure in
COPD patients who experienced acute-on-chronic respi-
ratory failure [14]. It takes into account heart rate, acidosis
(assessed by pH), consciousness (assessed by Glasgow Coma
Scale (GCS) score), oxygenation, and respiratory rate. *e
HACOR score has high sensitivity and specificity for pre-
dicting NIV failure in COPD patients. As the pathophysi-
ologic mechanism of acute-on-chronic respiratory failure is
similar in COPD and non-COPD patients, we hypothesized
that the HACOR score would also have high sensitivity and
specificity for predicting NIV failure among non-COPD
patients with acute-on-chronic respiratory failure.

2. Methods

*is study was performed in the respiratory intensive care
unit (ICU) of a teaching hospital. Data had been collected
prospectively between June 2011 and January 2019. *e
study protocol was approved by the local ethics committee of
the First Affiliated Hospital of Chongqing Medical Uni-
versity. As the study was observational nature, informed
consent was waived. Patients who received NIV due to
hypercapnic respiratory failure were candidates for inclusion
in the study.*e inclusion criteria were (1) acute-on-chronic
respiratory failure with respiratory acidosis, (2) use of NIV
as a first-line therapy, (3) PaCO2 >45mmHg, and (4)
pH< 7.35. *e exclusion criteria were (1) respiratory failure
caused by exacerbation of COPD, (2) prophylactic use of
NIV after extubation, (3) rescue use of NIV due to respi-
ratory failure after extubation, (4) accidental extubation and
use of NIV, and (5) use of a high-flow nasal cannula before
or after NIV.

NIV (BiPAP Vision or V60; Philips Respironics,
Carlsbad, CA, USA) was managed by attending physicians,
respiratory therapists, and nurses in charge. *e ventilator
settings were based on the previously published protocols
[14, 15]. Bilevel positive airway pressure (S/T mode) was
used for all patients. PEEP was initially set at 4 cmH2O and
titrated to counterbalance the intrinsic PEEP. Support
pressure was set at 8 cmH2O and was increased by 2 cmH2O
at a time to obtain a tidal volume >6mL/kg or to reach the
maximum level tolerated by the patient. *e fraction of
inspired oxygen was titrated to maintain SpO2 around 95%.
*e ventilator settings were adjusted based on PaCO2 and
the severity of the patient’s distress.

If respiratory failure abated, weaning from NIV was
considered. NIV was used intermittently until the patient
could breathe normally without ventilation. However, if
respiratory failure worsened and escalation therapy was
required, intubation was performed. *e criteria for intu-
bation were persistent respiratory distress with a respiratory
rate >35 breaths/min, failure to correct respiratory acidosis,
an inability to maintain PaO2/FiO2 above 100mmHg, the
development of conditions necessitating intubation to
protect the airway (coma or seizure disorders) or to manage
copious tracheal secretions, hemodynamic instability
without response to fluids and vasoactive agents, and re-
spiratory or cardiac arrest [14]. If a patient met the criteria

for intubation but the attending physician did not think they
would benefit from it, NIV was continued. NIV failure was
defined as requiring intubation or dying during NIV [14].

Demographic data, including data on age, sex, Acute
Physiology and Chronic Health Evaluation II (APACHE II)
score, diagnosis, and underlying disease, were collected
before the use of NIV. Data on respiratory rate, heart rate,
systolic blood pressure, diastolic blood pressure, con-
sciousness, and arterial blood gas were collected at initiation
and after 1-2, 12, and 24 h of NIV. Data on the support
pressure and PEEP of the ventilator were collected after 1-2,
12, and 24 h of NIV. Patients were followed up to discharge
or death, whichever came first. Data on the duration of NIV,
the length of stay in the ICU, and the length of stay in the
hospital were also collected.

*e HACOR score was determined before and after 1-2,
12, and 24 h of NIV [14]. Heart rate <100, 100–119, 120–139,
and >139 beats per minute was given 0, 1, 2, and 3 points,
respectively. Acidosis was assessed by pH. pH≥ 7.35,
7.30–7.34, 7.25–7.29, 7.20–7.24, and <7.20 was given 0, 2, 3,
5, and 8 points, respectively. Consciousness was assessed
with the GCS score. GCS score of 15, 14, 13, 12, and <12 was
given 0, 2, 4, 6, and 11 points, respectively. Oxygenation was
assessed with PaO2/FiO2. PaO2/FiO2 ≥150, 101–149, and
≤100 was given 0, 1, and 2 points, respectively. Respiratory
rate <30, 31–34, 35–39, and ≥40 breaths per minute was
given 0, 1, 2, and 3 points, respectively. *e HACOR score
was the sum of the points for the five variables. Scores can
range from 0 to 27, with higher scores indicating a higher
risk of NIV failure.

In our study, 3 out of 148 patients (2%) had missing
data for at least one variable. Multiple imputations were
performed. *e imputed value was the average of five
imputations. Continuous variables were expressed as
means and standard deviations or medians and
interquartile ranges when appropriate. Differences be-
tween groups were tested with independent samples t tests
or Mann–Whitney U tests. Qualitative variables were
expressed as numbers of events (%), and differences be-
tween groups were tested with chi-square or Fisher exact
probability tests. *e ability to predict NIV failure was
tested with the area under the receiver operating char-
acteristic curve (AUC). *e optimal cutoff value was
determined when the maximal Youden index was reached
[16]. We ran 1000 bootstrap samples to estimate the odds
ratio (OR) and 95% confidence interval (CI) of NIV failure
per 1-point increment for internal validation. A two-sided
p< 0.05 was considered significant.

3. Results

A total of 1954 NIV patients with hypercapnic respiratory
failure were screened (Figure 1). Ultimately, 148 non-COPD
patients with acute-on-chronic respiratory failure were
enrolled, 52 with sleep apnea-hypopnea syndrome, 34 with
chronic thoracic sequelae, 31 with bronchiectasis, 14 with
chest wall deformity, 5 with obesity-hypoventilation syn-
drome, and 12 with other conditions. Of the 148 cases, 19
(13%) experienced NIV failure, including 2 who died during
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NIV (Table 1). Among the overall cohort, the median du-
ration of NIV was 96 h, and hospital mortality was 10%.

*ere were no differences in age, sex, diagnosis, un-
derlying disease, or prevalence of chronic respiratory con-
ditions between patients who experienced successful NIV
and NIV failure (Table 1). Support pressure and PEEP were
also not different when recorded after 1-2, 12, and 24 h of
NIV (Table 2). Before NIV, however, patients who later
experienced NIV failure had a higher APACHE II score
(20± 7 vs. 16± 5), a higher heart rate (122± 23 vs. 107± 22
bpm), and a lower pH (7.22± 0.07 vs. 7.26± 0.07) than those
who experienced successful NIV. *ey also had a higher
heart rate, a lower GCS score, a lower pH, and a lower PaO2/
FiO2 after 1-2, 12, and 24 h of NIV.

*e HACOR score was much lower in patients who
experienced successful NIV than in patients with NIV failure
when it was measured at initiation and after 1-2, 12, and 24 h
of NIV (Figure 2). *e OR for NIV failure was 1.15, 1.99,
2.14, and 1.53 per 1-point increment when the HACOR
score was assessed at initiation and after 1-2, 12, and 24 h of
NIV, respectively (Table 3). To predict NIV failure, the AUC

was 0.69, 0.91, 0.91, and 0.94 when the HACOR score was
assessed at initiation and after 1-2, 12, and 24 h of NIV,
respectively (Figure 3). To obtain the best sensitivity and
specificity, the cutoff value at initiation was 7 with a sen-
sitivity of 68% and a specificity of 61%. After 1-2 h of NIV, it
was 5 with a sensitivity of 90% and a specificity of 85%. After
12 h of NIV, it was 4 with a sensitivity of 82% and a
specificity of 91%. After 24 h of NIV, it was 2 with a sen-
sitivity of 100% and a specificity of 76%.

4. Discussion

*e rate of NIV failure was low in this sample of non-COPD
patients with acute-on-chronic respiratory failure with re-
spiratory acidosis. *e HACOR score, which takes into
account heart rate, acidosis, consciousness, oxygenation, and
respiratory rate, had high sensitivity and specificity for
predicting NIV failure when it was measured within 24 h of
NIV. A higher HACOR score was associated with an in-
creased risk of NIV failure.

Hypercapnic patients who received NIV
(N = 1954)

Use of NIV as first-line therapy
(N = 1710)

pH ≥ 7.35 before NIV
(N = 499)

pH < 7.35 before NIV
(N = 1211)

AECOPD (N = 954)

No chronic respiratory
disease (N = 109)

Ultimately enrolled in the study
(N = 148)

Prophylactic NIV a�er
extubation (N = 166)

Rescue use of NIV a�er
extubation (N = 22)

Accidental extubation and
use of NIV (N = 15)

Use of HFNC before or
a�er NIV (N = 27)

Others (N = 14)

Figure 1: Flowchart of patient enrollment. NIV, noninvasive ventilation;HFNC, high-flownasal cannula; AECOPD, acute exacerbation of COPD.
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NIV is widely used in patients with acute-on-chronic
respiratory failure. *e spectrum of disease includes COPD,
sleep apnea-hypopnea syndrome, chronic thoracic sequelae,
bronchiectasis, chest wall deformity, obesity-hypo-
ventilation syndrome, neuromuscular disease, and other
conditions [17].*e use of NIV is strongly recommended for
patients with COPD regardless of patients’ stability or acute-
on-chronic respiratory failure [9, 10, 17]. However, the effect
of NIV in non-COPD populations is lacking. To the best of
our knowledge, this is the largest study to describe the
characteristics of non-COPD patients who received NIV due
to acute-on-chronic respiratory failure with respiratory
acidosis. Our study showed a rate of NIV failure of only 13%,
which indicates that NIV can be used successfully with the
majority of non-COPD patients who experience acute-on-
chronic respiratory failure with respiratory acidosis.

*e HACOR score was developed by our team with
COPD patients who received NIV due to acute-on-chronic
respiratory failure [14]. It takes into account heart rate,
acidosis, consciousness, oxygenation, and respiratory rate. It
has excellent power to predict NIV failure in COPD patients.
However, its accuracy at predicting NIV failure in non-
COPD patients with acute-on-chronic respiratory failure
with respiratory acidosis is not known. *e current study
validated the use of the HACOR score with these patients
and found very good sensitivity and specificity for predicting
NIV failure. *erefore, the HACOR score can be used to
predict NIV failure in both COPD and non-COPD patients
who experience acute-on-chronic respiratory failure with
respiratory acidosis.

NIV failure significantly increases the risk of death
[11, 12]. Our study confirms this. We found that mortality

was 53% in patients who experienced NIV failure but only
3% in patients who had successful NIV. Reducing mortality
is challenging. Our previous study showed that patients with
a high risk of NIV failure identified by the HACOR score
who were intubated early had lower mortality than those
whose intubation was delayed [14]. *erefore, early iden-
tification of the risk of NIV failure and early intubation in
non-COPD patients with acute-on-chronic respiratory
failure may help reduce mortality. *e current study shows
that the HACOR score is a simple and reproducible tool for
predicting NIV failure. *e optimal cutoff values to obtain
the best sensitivity and specificity were 7, 5, 4, and 2 at
initiation and after 1-2, 12, and 24 h of NIV, respectively.*e
HACOR score is a good tool for clinical staff to use to
manage non-COPD patients who require NIV due to acute-
on-chronic respiratory failure.

Our study has several limitations. First, we screened
hypercapnic patients admitted to our ICU within the past 8
years, and only 148 non-COPD patients with acute-on-
chronic respiratory failure were enrolled. *e character-
istics of the non-COPD patients in the study varied greatly.
It was impossible to describe the characteristics of each
subgroup given the small sample sizes. A larger sample is
needed to perform subgroup analyses. Second, this was an
observational study performed in a single center. *e re-
sults must be validated for other centers. *ird, COPD is
frequently underdiagnosed in the real word [18]. We were
unable to exclude all cases of COPD from our study because
of a lack of data on patients’ smoking history, previous
hospitalizations due to respiratory failure, and pulmonary
function. Further study with stricter assessment is required
to exclude cases of underdiagnosed COPD.

Table 1: Baseline data for patients who experienced successful NIV and NIV failure.

Overall cohort, N� 148 Successful NIV, N� 129 NIV failure, N� 19 P

Age, years 64± 16 64± 16 67± 11 0.49
Sex, male 83 (56%) 71 (55%) 12 (63%) 0.62
APACHE II score 16± 5 15± 4 20± 7 <0.01
Diagnosis
Sleep apnea-hypopnea syndrome 52 (35%) 48 (37%) 4 (21%) 0.12
Chronic thoracic sequelae 34 (23%) 28 (22%) 6 (32%)
Bronchiectasis 31 (21%) 25 (19%) 6 (32%)
Chest wall deformity 14 (10%) 14 (11%) 0 (0%)
Obesity-hypoventilation syndrome 5 (3%) 3 (2%) 2 (11%)
Others 12 (8%) 11 (9%) 1 (5%)

Underlying disease
Hypertension 68 (46%) 62 (48%) 6 (32%) 0.22
Chronic heart disease 29 (20%) 25 (19%) 4 (21%) >0.99
Diabetes mellitus 28 (19%) 23 (18%) 5 (26%) 0.36
Chronic renal failure 11 (7%) 9 (7%) 2 (11%) 0.63
Liver cirrhosis 4 (3%) 2 (2%) 2 (11%) 0.08
Duration of NIV (h) 96 (42–143) 103 (50–166) 29 (3–77) <0.01
Length of stay in the ICU (days) 5.8 (3.7–10.8) 5.5 (3.7–10.4) 6.6 (3.4–13.2) 0.79
Length of stay in the hospital (days) 11.8 (6.8–19.0) 11.8 (6.8–18.9) 12.1 (7.6–21.8) 0.88
Hospital mortality 14 (10%) 4 (3%) 10 (53%) <0.01

NIV, noninvasive ventilation; APACHE II, Acute Physiology and Chronic Health Evaluation II; ICU, intensive care unit.
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Table 2: Vital signs and ventilator parameters from initiation to 24 h of NIV for patients who experienced successful NIV and NIV failure.

Successful NIV NIV failure P

Before NIV
Heart rate (bpm) 107± 22 122± 23 <0.01
Respiratory rate (bpm) 29± 6 28± 5 0.68
Mean arterial blood pressure (mmHg) 101± 16 103± 22 0.76
GCS score 14.5± 1.2 14.2± 1.2 0.38
pH 7.26± 0.07 7.22± 0.07 0.01
PaCO2 (mmHg) 81± 18 77± 17 0.28
PaO2/FiO2, (mmHg) 199± 99 173± 79 0.28

1-2 h of NIV
Heart rate (bpm) 96± 18 111± 26 <0.01
Respiratory rate (bpm) 23± 5 25± 6 0.07
Mean arterial blood pressure (mmHg) 91± 13 103± 19 <0.01
GCS score 14.7± 0.7 13.7± 1.3 <0.01
pH 7.35± 0.05 7.26± 0.10 <0.01
PaCO2 (mmHg) 68± 18 74± 22 0.25
PaO2/FiO2 (mmHg) 223± 63 169± 70 <0.01
Support pressure (cmH2O) 17± 4 17± 4 0.58
PEEP (cmH2O) 6± 2 6± 2 0.47

12 h of NIV
Heart rate (bpm) 89± 16 113± 31 <0.01
Respiratory rate (bpm) 22± 4 22± 3 0.85
Mean arterial blood pressure (mmHg) 88± 11 91± 14 0.48
GCS score 14.8± 0.5 14.5± 0.7 0.02
pH 7.38± 0.05 7.27± 0.12 <0.01
PaCO2 (mmHg) 65± 15 71± 22 0.19
PaO2/FiO2 (mmHg) 241± 86 182± 64 0.03
Support pressure (cmH2O) 18± 4 18± 3 0.89
PEEP (cmH2O) 7± 3 6± 2 0.53

24 h of NIV
Heart rate (bpm) 87± 17 105± 30 <0.01
Respiratory rate (bpm) 23± 4 25± 6 0.11
Mean arterial blood pressure (mmHg) 90± 12 92± 23 0.61
GCS score 14.9± 0.9 14.2± 0.8 0.02
pH 7.40± 0.07 7.29± 0.14 <0.01
PaCO2 (mmHg) 59± 15 73± 33 0.01
PaO2/FiO2 (mmHg) 256± 80 171± 68 <0.01
Support pressure (cmH2O) 19± 4 20± 3 0.78
PEEP (cmH2O) 7± 3 6± 2 0.32

NIV, noninvasive ventilation; GCS, Glasgow Coma Scale; PEEP, positive end-expiratory pressure. Differences between the two groups were analyzed with
independent samples t tests.

∗

∗
∗

∗ ∗

P < 0.01
NIV failure
Successful NIV

HACOR score from initiation to 24h of NIV

H0 H1-2 H12 H24
–2

2

6

10

14

18

Figure 2: Differences in the HACOR score from initiation to 24 h of NIV between patients who experienced successful NIV andNIV failure.
HACOR, heart rate, acidosis, consciousness, oxygenation, and respiratory rate; NIV, noninvasive ventilation; H0, initiation; H1-2, 1-2 h of
NIV; H12, 12 h of NIV; H24, 24 h of NIV.
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5. Conclusions

*e rate of NIV failure is low in non-COPD patients who
experience acute-on-chronic respiratory failure with respi-
ratory acidosis. Among these patients, the HACOR score has
high sensitivity and specificity for predicting NIV failure.

Abbreviations

COPD: Chronic obstructive pulmonary disease
AECOPD: Acute exacerbation of COPD
NIV: Noninvasive ventilation
GCS: Glasgow Coma Scale

Table 3: Odds ratios for NIV failure tested by the HACOR score (per 1-point increment).

OR (95% CI) OR (95% CI) under 1000 bootstraps
Before NIV 1.15 (1.04–1.28) 1.15 (1.04–1.31)
1-2 h of NIV 1.99 (1.50–2.64) 1.99 (1.59–3.28)
12 h of NIV 2.14 (1.52–3.02) 2.14 (1.60–6.19)
24 h of NIV 1.53 (1.18–1.98) 1.53 (1.15–3.85)
HACOR, heart rate, acidosis, consciousness, oxygenation, and respiratory rate; OR, odds ratio; CI, confidence interval; NIV, noninvasive ventilation.
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Figure 3: *e predictive power of NIV failure assessed by the HACOR score from initiation to 24 h of NIV. HACOR, heart rate, acidosis,
consciousness, oxygenation, and respiratory rate; NIV, noninvasive ventilation; AUC, area under the receiver operating characteristic curve;
CI, confidence interval.
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OR: Odds ratio
CI: Confidence interval
ICU: Intensive care unit
HACOR: Heart rate, acidosis, consciousness, oxygenation,

and respiratory rate
HFNC: High-flow nasal cannula
AUC: Area under the receiver operating characteristic

curve.
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,is study aimed to investigate the effects of continuous positive airway pressure (CPAP) on the electroencephalographic (EEG)
characteristics of patients with primary central sleep apnea syndrome (CSAS). Nine patients with primary CSAS were enrolled in
this study. ,e raw sleep EEG data were analyzed based on two main factors: fractal dimension (FD) and zero-crossing rate of
detrended FD. Additionally, conventional EEG spectral analysis in the delta, theta, alpha, and beta bands was conducted using a
fast Fourier transform.,e FD in patients with primary CSAS who underwent CPAP treatment was significantly decreased during
nonrapid eye movement (NREM) sleep but increased during rapid eye movement (REM) sleep (p< 0.05). Regarding the EEG
spectral analysis, the alpha power increased, while the delta/alpha ratio decreased during REM sleep in patients with CSAS
(p< 0.05). In conclusion, CPAP treatment can reduce FD in NREM sleep and increase FD during REM sleep in patients with
primary CSAS. FDmay be used as a new biomarker of EEG stability and improvement in brain function after CPAP treatment for
primary CSAS.

1. Introduction

Central sleep apnea syndrome (CSAS) is a respiratory dis-
order that occurs when the respiratory center fails to issue
the respiratory drive effectively due to various causes [1].
CSAS encompasses a wide range of diseases and covers eight
categories according to the International Classification of
Sleep Disorders-,ird Edition (ICSD-3) [2], such as central
sleep apnea (CSA) associated with Cheyne–Stokes respira-
tion, CSA due to drugs or substances, and primary CSA.
Except for primary CSA, most CSAs are caused by various
underlying diseases or other medical conditions, for ex-
ample, the most common is Cheyne–Stokes respiration
caused by heart failure or stroke.

Compared with obstructive sleep apnea (OSA), CSAS
has a lower prevalence in the general population [1]. Both
OSA and CSA are characterized by recurrent nocturnal
hypoxia and arousals, which are associated with daytime

sleepiness, inattention, memory loss, and other signs of
impaired brain function. Meanwhile, continuous positive
airway pressure (CPAP) has been shown to improve brain
function in patients with OSA [3]. Electroencephalography
(EEG) is a tool for evaluating brain function. Quantitative
EEG analysis has become an important method for assessing
brain function in various populations [4, 5]. Previous studies
have shown that CPAP can improve sleep EEG features in
patients with OSA [6–9], such as correcting EEG slowing
and reducing the complexity and increasing the stability of
sleep EEG waves, which may explain the improvement of
brain function in patients with OSA who receive CPAP
treatment. However, the efficacy of CPAP in treating pa-
tients with CSAS and its effects on sleep EEG are not yet
known.

,emost commonmethod for quantitative EEG analysis
is EEG power spectral analysis [6, 7, 10], which includes the
analysis of the absolute and relative power of delta, theta,
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alpha, and beta frequency bands. Fractal dimension (FD) is a
new method for measuring the irregularity and complexity
of an object. It was initially introduced as a description of
self-similar objects [11] and was subsequently utilized in a
variety of scientific disciplines [12, 13]. FD is more suitable
for the analysis of nonlinear and nonstationary physiological
data, such as EEG [13]. In our previous study [13], we found
that FD could reflect the sleep macroarchitecture of each
participant. Furthermore, the fast fluctuation of FD, as
measured by the zero-crossing rate of detrended FD (zDFD),
is a useful indicator of sleep disturbance. CPAP can decrease
FD in nonrapid eye movement (NREM) sleep and zDFD in
both NREM and rapid eye movement (REM) sleep in pa-
tients with OSA [9].

,erefore, the purpose of this study was to explore the
effect of CPAP treatment on the sleep EEG of patients with
CSAS using FD and conventional EEG spectral analysis. We
attempted to identify markers from these EEG signal ana-
lyses that could reflect improved brain function in patients
with CSAS undergoing CPAP treatment. To avoid the in-
terference of underlying diseases and potential confounding
effects, we included only primary CSAS patients.

2. Materials and Methods

2.1. Study Participants. In this retrospective study, patients
aged ≥20 years who were diagnosed with primary CSAS in
the sleep lab of Peking University First Hospital and received
CPAP pressure titration were enrolled.

According to ICSD-3, the diagnosis criteria of primary
CSAS were as follows:

(A) At least one of the following:

(1) Sleepiness
(2) Difficulty initiating or maintaining sleep, fre-

quent awakenings, or nonrestorative sleep
(3) Awakening with shortness of breath
(4) Snoring
(5) Witnessed apneas

(B) PSG demonstrates all of the following:

(1) Five or more central apneas and/or central
hypopneas per hour of sleep

(2) ,e number of central apneas and/or central
hypopneas is >50% of the total number of ap-
neas and hypopneas

(3) Absence of Cheyne–Stokes breathing

(C) No evidence of daytime or nocturnal
hypoventilation

(D) ,e disorder is not better explained by another
current sleep disorder, medical or neurological
disorder, medication use, or substance use disorder

Finally, nine patients with primary CSAS, in accordance
with the above criteria, who underwent full-night CPAP
titration were included.

,is retrospective study was approved by the ethics
committee of Peking University First Hospital, and the
requirement for obtaining informed consent was waived

(Ethics Approval No. 2017 [1363]). ,e study adhered to the
Declaration of Helsinki, and patient confidentiality was
maintained.

2.2. Study Methods

2.2.1. Overnight PSG. Sleep apnea was confirmed by over-
night PSG (Compumedics, E-Series, Australia). Six channels
of EEG signals (C3-M2, C4-M1, F3-M2, F4-M1, O1-M2, and
O2-M1), two channels of electrooculography signals (E1-M2
and E1-M2), and chin EMG (EMG1–EMG2, EMG1–EMG3),
electrocardiography, respiration (nasal pressure, airflow),
oxygen saturation, abdominal and chest movement, and leg
movements were recorded according to the American
Academy of SleepMedicine (AASM) scoringmanual (version
2.4) [14].

Sleep stage and respiratory events were analyzed
according to the guidelines of the AASM [14]. Sleep stages
were divided into N1, N2, N3, R, and W stages. Respiratory
events were divided into obstructive apnea, central apnea,
mixed apnea, and hypopnea. ,e apnea-hypopnea index
(AHI) was defined and calculated as the sum of the number
of apneas and hypopneas per hour.

2.3. CPAP Titration. CPAP titration was conducted
according to the CPAP titration guidelines [15].

2.4. Calculation and Analysis of FD and zDFD. ,e FD and
zDFD indices of the EEG before and after CPAP titration
were analyzed. Briefly, FD is an engineering index used to
describe the complexity of an EEG. Furthermore, the fast
fluctuation of FD was measured using zDFD.

All raw FD and zDFD data were analyzed by the
Academy for Advanced Interdisciplinary Studies, Peking
University, and the single channel of C3-M2 was used for
analysis. ,e FD and zDFD were calculated using custom
programming in MATLAB (MathWorks, Inc., Natick, MA).

,e general calculation processing is as follows: (1) the
local FD of sleep EEG signals in each 30 s epoch was esti-
mated for all patients using a standard “box-counting” al-
gorithm. FD was defined as the following equation.

FD � − limr⟶0
log2[N(r)]

log2(r)
. (1)

By covering a structure such as an EEG signal with boxes
of side length r, the FD is given, where N(r) is the number of
nonempty boxes needed to completely cover the structure,
and FD corresponds to the slope of the plot versus log2N(r).
An FD time series was generated by sequentially moving the
30 s window forward in time. We applied an adaptive data
analysis technique, called the empirical mode decomposition
(EMD) algorithm, to detrend the FD sequence. In this study,
the EMD algorithm was employed to smooth the FD se-
quences of the full-night EEG in an adaptive manner. ,e
detailed processing method has been described in our
previous reports [10].
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2.5. EEG Spectral Analysis. Quantitative EEG analysis was
conducted [16, 17]. All EEG study sampling rates were
>200Hz. A standard fast Fourier transform (FFT) with a
Hamming window was performed. ,e FFT was applied to
contiguous 30 s segments, and periodograms were calculated
from one successive segment to obtain the absolute power in
every stage lasting 30 s for the delta (0.1–3.99Hz), theta
(4–7.99Hz), alpha (8–13Hz), and beta (13–32Hz) frequency
bands of the central (C3-M2) EEG. Relative power was also
calculated.

2.6. Statistical Methods. ,e SPSS software package, version
17.0 (SPSS, Inc., Chicago, IL, USA), was used for statistical
analyses. Normality tests were also performed. Data con-
forming to a normal distribution were described as mean ±
standard deviations. ,e FD, zDFD, and relative power
percentages of the delta, theta, alpha, and beta waves before
and after CPAP treatment were compared using a t-test of
two related samples. A p value <0.05 was considered sta-
tistically significant.

3. Results

Nine CSAS patients (male:female ratio of 8 :1; age,
60.2± 10.8 years; body mass index, 28.4± 4.0 kg/m2) were
enrolled. After the initial monitoring, the nine CSAS patients
underwent manual CPAP titration within 1 month. CPAP
decreased the AHI effectively for patients with CSAS (from
60.0± 17.0 times/h to 6.0± 7.1 times/h; p< 0.05). ,e de-
mographic and basic data are given in Table 1.

CPAP had a significant effect on sleep architecture in
patients with CSAS. After the application of CPAP, the
proportion of light sleep (N1 +N2 sleep) decreased, and
slow-wave sleep (N3 sleep) and REM sleep increased (Ta-
ble 2); however, some of the changes showed no statistical
differences probably owing to the relatively small sample
size.

After CPAP treatment, the FD decreased significantly
during NREM sleep but increased significantly during REM
sleep in patients with CSAS (p< 0.05; Figure 1).,e zDFD in
these patients showed a downward trend, although this
difference was not statistically significant (Figure 1). ,e
data are presented in Table 3.

Regarding the EEG spectral analysis results, the alpha
power increased and delta/alpha ratio decreased during
REM sleep in patients with CSAS after CPAP treatment
(p< 0.05). ,ere were no significant changes in delta, theta,
and beta activities in patients with CSAS after CPAP
treatment, although delta activity tended to decrease, while
theta and alpha activities increased (Figure 2; p> 0.05).

4. Discussion

,is study investigates the efficacy of CPAP on primary
CSAS from the EEG perspective. Engineering parameters,
FD and zDFD, and conventional EEG spectral analysis were
used to analyze sleep EEG before and after CPAP. Based on
the results, CPAP treatment could reduce the FD of NREM
sleep in patients with primary CSAS, thereby reducing the

complexity of EEG and stabilizing the EEG. On the other
hand, CPAP could increase the FD of REM sleep, which may
increase the EEG activity and improve the brain function.
Conventional spectral power analysis showed that with
CPAP treatment, the alpha power increased while the delta/
alpha ratio decreased during REM sleep, suggesting in-
creased EEG activity, which is consistent with the results of
FD.

,e impairment of brain function in patients with sleep
breathing is an evident and prominent problem. Patients
with sleep apnea often complain of daytime sleepiness,
memory loss, and attention deficit, and CPAP is an effective
treatment method for these patients. Until now, there has
been limited research regarding the mechanism of CPAP
efficacy on central sleep apnea [1, 15]. Since the central sleep
apnea is very complicated and include a variety of diseases,
the present study chose patients with primary CSAS to
exclude the potential confounding effect.

Researchers have shown that EEG, assessed by quanti-
tative analysis, is a tool to evaluate brain dysfunctions [10].
,e most common method used in these quantitative an-
alyses of EEG studies is power spectral analysis [6, 7, 10]. FD
is a new parameter more suitable for the analysis of non-
linear and nonstationary physiological data, such as EEG
[13]. In our previous study, we showed that the variation in
FD reflects the macrostructure of sleep and that the fast
fluctuation of FD, as measured by the zDFD, is a useful
indicator of sleep disturbance; hence, it correlates with the
AHI [13]. Sleep stages were divided into N1, N2, N3, R, and
W stages. NREM sleep stage included N1, N2 (light sleep),
and N3 (deep sleep). During deep sleep, the synchronization
of EEG activity is significantly enhanced. ,e REM period is
a period of paradoxical sleep, with weak muscle activity and
active EEG. In our previous study [13], we showed that the
FD value decreased fromW to N1, N2, and N3 but increased
during REM sleep, which showed that FD is a good indicator
of the complexity of EEG. ,e zDFD reflects the fast fluc-
tuation of FD in a certain period, which indicates the
variability of EEG complexity. We used the FD and zDFD to
analyze the effects of CPAP therapy on sleep EEG in patients
with OSAS [9]. After CPAP treatment, the FD of EEG
decreased significantly in NREM sleep, while the FD of EEG
increased significantly in REM sleep.

Similar to the effect of CPAP on OSA patients, the
present study showed that FD of EEG decreased significantly
during NREM sleep in CSAS patients with CPAP. As
mentioned earlier, the FD can reflect the complexity of the
EEG.,us, the results suggest that CPAP therapy can reduce
the complexity of sleep EEG in patients with CSAS to achieve
a more stable EEG pattern. On the other hand, the FD of
sleep EEG increased during REM sleep in patients with
CSAS. ,e EEG slowing in REM sleep is associated with the
cognitive decline [18]. ,e increase in EEG activity during
REM sleep may indicate the improvement of brain function.

,is conclusion from the FD analysis was supported by
conventional EEG spectral analysis. In the present study, we
showed that the alpha power increased and the delta/alpha
ratio of EEG decreased for REM sleep with CPAP treatment.
Previous studies have shown that alpha power belongs to
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Table 1: ,e demographic and basic data for the nine CSAS participants.

Number of CSAS
participants

Age
(y) Gender BMI

(kg/m2)
BP before bedtime

(mmHg)
BP after sleep

(mmHg)
AHI
(hr)

AHI on CPAP
(hr)

1 40 Male 30 120/90 140/100 37.3 7.2
2 51 Male 35.9 120/85 138/100 84.7 1.3
3 56 Male 26 130/70 140/70 67.5 7.5
4 57 Male 30.8 130/85 140/100 64.8 7.8
5 59 Female 27.8 130/80 150/100 76.5 1.6
6 67 Male 31.1 140/57 160/56 63.9 1.2
7 68 Male 23.4 140/85 120/85 33.9 0.6
8 69 Male 26.4 130/90 130/90 68.5 23.3
9 75 Male 23.8 144/86 160/80 51 3.5
BP, blood pressure; AHI, apnea and hypopnea index; CPAP, continuous positive airway pressure.

Table 2: ,e proportion of sleep in different stages of patients with CSAS before and after continuous positive airway pressure (CPAP)
treatment.

REM% N1% N2% N3%
Before CPAP 8.40± 5.32 26.66± 16.62 55.13± 10.42 9.81± 10.62
After CPAP 23.60± 9.76∗ 7.38± 5.56∗ 49.93± 14.40 19.13± 15.17
∗p< 0.05 vs. before CPAP. CSAS, central sleep apnea syndrome; CPAP, continuous positive airway pressure; REM, rapid eye movement.
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Figure 1: ,e changes of fractal dimension (FD) and zero-crossing rate of detrended FD (zDFD) in patients with primary central sleep
apnea syndrome (CSAS) before and after continuous positive airway pressure (CPAP) treatment. (a) ,e FD significantly decreased in
nonrapid eye movement (NREM) sleep but increased in rapid eye movement (REM) sleep with CPAP treatment (∗p< 0.05; before CPAP).
(b) ,ere were no significant changes in zDFD before and after CPAP treatment in either NREM or REM sleep.

Table 3: ,e data of FD and zDFD before and after continuous positive airway pressure (CPAP) treatment in patients with central sleep
apnea syndrome (CSAS).

CSAS
NREM REM

Before CPAP After CPAP Before CPAP After CPAP
FD 561.67± 44.19 438.67± 120.83∗ 51.55± 31.02 132.81± 50.54∗

zDFD 0.31± 0.10 0.25± 0.60 0.28± 0.19 0.25± 0.12
∗p< 0.05 vs. data before CPAP. FD, fractal dimension; zDFD, zero-crossing rate of detrended FD; CPAP, continuous positive airway pressure; CSAS, central
sleep apnea syndrome.
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relatively active EEG frequency [6]. And the delta/alpha ratio
of EEG has been used to reflect the level of EEG activation
[18]. ,e present study showed the increased alpha power
and decreased delta/alpha ratio of EEG, suggesting the in-
crease of EEG activation and improvement of the brain
function.

With respect to the zDFD, there were no significant
changes after CPAP treatment during both NREM and REM
sleep in patients with CSAS, although there was a downward
trend. ,e zDFD is a useful parameter that reflects the
variability in EEG complexity. In our previous research, we
showed that zDFD decreased remarkably after CPAP
therapy in patients with OSAS [9].,e effect of CPAP on the
zDFD was different between patients with CSAS and those
with OSAS, which may be due to the fact that primary CSAS
is a rare disease [15]. Only nine cases of primary CSAS were
enrolled in this study, which is a relatively small number of
cases. It may also be related to the different impact of CPAP
on central and obstructive apnea events, which may require
further exploration.

,e main limitation of our study was the small sample
number of primary CSAS patients due to its low prevalence.
In addition, the overall results of the effect of CPAP on CSAS
EEG were similar to those of OSA. Whether this result
suggests a similar effect of CPAP on OSA and CSAS EEG or
a bias due to the small sample size remains to be determined.

5. Conclusions

In this study, we have explored, for the first time, the effect of
CPAP therapy on sleep EEG characteristics in patients with
primary CSAS using FD. With CPAP treatment, the FD
significantly decreased in NREM sleep but increased in REM
sleep in patients. ,is suggests that CPAP could reduce the

sleep EEG complexity in NREM sleep and increase the sleep
EEG activity in REM sleep in patients with CSAS, which may
be one of the mechanisms by which CPAP improves brain
function in patients with CSAS. ,erefore, FD may be used
as a new biomarker of electroencephalographic stability and
improvement in brain function with CPAP treatment for
primary CSAS.
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R. Tamisier, and J.-L. Pépin, “Diagnosis and management of
central sleep apnea syndrome,” Expert Review of Respiratory
Medicine, vol. 13, no. 6, pp. 545–557, 2019.

[2] M. J. Sateia, “International classification of sleep disorders-
third edition,” Chest, vol. 146, no. 5, pp. 1387–1394, 2014.
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Background. Head-to-head comparison of treatment failure and costs among chronic obstruct pulmonary disease (COPD)
patients who used noninvasive ventilation (NIV) in the ward versus in the ICU is lacking.Methods. 1is retrospective study was
performed in a department of respiratory and critical care medicine in a teaching hospital. COPD patients who used NIV in the
respiratory ward or respiratory ICU were screened. We enrolled patients with PaCO2 more than 45mmHg and pH less than 7.35
before the use of NIV. Results. We enrolled 83 patients who initiated NIV in the ward and 319 patients in the ICU. Only 5 (6%)
patients in the ward were required to transfer to ICU for intensive care.1e vital signs were worse but improved faster within 24 h
of NIV among patients in the ICU than those in the ward.1eNIV failure, hospital mortality, and the length of stay in hospital did
not differ between the two groups. However, the duration of NIV was shorter (median 4.0 vs. 6.1 days, p< 0.01) and hospital costs
were higher (median 4638 vs. 3093 $USD, p< 0.01) among patients in the ICU than those in the ward. After propensity matching,
42 patients were left in each group, and the baseline data were comparable between the two groups. 1e findings in the overall
cohort were confirmed again in the propensity-matched cohort. Conclusions. Among COPD patients, the use of NIV in the ward
leads to longer duration of NIV, but lower hospital costs, and similar NIV failure and mortality compared with those in the ICU.

1. Introduction

1e prevalence of chronic obstructive pulmonary disease
(COPD) is 8.6% in adult population and 13.7% in those aged
40 years or older [1]. It leads to high morbidity and mortality
and becomes the third leading cause of death in China [2, 3].
Also, the cost burden in COPD patients is much higher than
non-COPD subjects [4]. At the end stage, shortness of breath
and hypercapnia are the main clinical features in COPD
patients. 1erefore, relief of dyspnea and reduction of
PaCO2 are two main therapeutic regimens.

In COPD patients, noninvasive ventilation (NIV) im-
proves minute ventilation and decreases the work of
breathing [5]. NIV also reduces the need of intubation and

mortality in this population [6, 7]. Guidelines have strongly
recommended the use of NIV in hospitalized patients due to
COPD exacerbations [8–10]. Also, the use of NIV in hos-
pitalized COPD patients is increasing year by year [11].

Among COPD patients, the use of NIV in the intensive
care unit (ICU) is common [12–14]. As ICU beds are limited,
not all COPD patients can admit to ICU for application of
NIV. 1e ward is another place where the NIV can be used.
Several studies have reported that use of NIV in the ward is
feasible [15–17]. However, head-to-head comparison of
treatment failure and costs among COPD patients who used
noninvasive ventilation (NIV) in the ward versus in the ICU
is lacking. Here, we aimed to explore the optimal location to
use of NIV in COPD patients.
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2. Methods

1is was a retrospective observational study performed in a
teaching hospital from March, 2015, to June, 2018. We
screened all the patients who used NIV as first-line therapy
due to COPD exacerbation in the respiratory ward or re-
spiratory ICU and enrolled the patients with pH less than
7.35 and PaCO2 more than 45mmHg. However, the patients
with refusal of intubation were excluded. 1e diagnosis of
COPD was based on the criteria published by Chinese
Medical Association [18]. 1e study protocol was approved
by our ethics committee (the First Affiliated Hospital of
Chongqing Medical University). As this was a retrospective
study, the informed consent was waived.

In the respiratory ward, the bed nurse ratio was 1 : 0.4
and the bed physician ratio was 1 : 0.5. In the respiratory
ICU, the bed nurse ratio was 1 : 2.5 and the bed physician
ratio was 1 : 0.6. Use of NIV in the ward or in the ICU was
decided by the attending physicians based on the volume of
ICU beds, ability to pay, and patients’ wishes. In our hos-
pital, the indications of NIV in patients with COPD exac-
erbation were as follows: (1) respiratory rate more than 25
breaths/min, (2) PaCO2 more than 45mmHg, (3) pH less
than 7.35, (4) PaO2/FiO2 less than 200mmHg, and (5)
vigorous activity of accessory respiratory muscles [19].

1e pneumologist took care of the NIV patients in the
ward. When the NIV has been used for more than 2 hours,
the patients in the ward were considered to be transferred to
ICU for escalation therapy if the respiratory failure got
worse. 1e criteria were respiratory rate more than 35
breaths/min, pH less than 7.25, PaO2/FiO2 less than
100mmHg, unstable hemodynamic status, and other causes
required intensive care. However, this was decided by the
attending physician’s discretion.

1e management of NIV (BiPAP Vision or V60; Philips
Respironics, Carlsbad, CA) in COPD patients was based on
our hospital protocol [19–21]. 1e face mask was the first
choice for the interface to connect the ventilator to the
patient. 1e size of the face mask was fitted to the face type.
Bilevel positive airway pressure was used for all patients. 1e
expiratory positive airway pressure was initially set at 4 cm
H2O, and it was titrated to diminish the ineffective trigger.
Usually, the expiratory positive pressure ventilation was
maintained at 4 to 8 cmH2O.1e inspiratory positive airway
pressure was initially set at 8 cm H2O and then gradually
increased to achieve the best control of dyspnea or to the
tolerance of the patient. Usually, the inspiratory positive
airway pressure was maintained at 15 to 20 cm H2O within
30 minutes. 1e fractional concentration of inspiratory
oxygen (FiO2) was adjusted to maintain the bedside SpO2
above 90% and the PaO2 above 60mmHg. At the initial
phase, continuous use of NIV was encouraged except
drinking, eating, and sputum excretion. If the respiratory
failure relieved, intermittent use of NIV was performed until
the NIV was weaned. However, in those whose respiratory
failure progressively deteriorated and required invasive
mechanical ventilation, intubation was performed. 1e NIV
failure was defined as requirement of intubation or death
during NIV intervention. In addition, the decision to

transfer the patient to ICU for escalation therapy was based
on the attending physicians’ discretion if the respiratory
failure progressively deteriorated.

We collected the age, gender, underlying disease, vital
signs, and arterial blood gas tests. 1e disease severity was
assessed by the acute physiology and chronic health eval-
uation II (APACHE II) score.1e prognostic outcomes were
also collected including the rate of NIV failure and hospital
mortality. 1e resource consumption was assessed including
the duration of NIV, length of stay in hospital, and hospital
cost. All the data we collected were extracted from the
medical records.

2.1. Statistical Analysis. 1e continuous variable was reported
as mean value and standard deviation or median value and
interquartile range (IQR) when appropriate. Differences be-
tween two groups were analyzed with the use of Student’s t-test
or theMann–WhitneyU test. Categorical variable was reported
as numbers and percentages, and the differences between
groups were analyzed with the use of Chi-square or Fisher’s
exact tests. p values less than 0.05 were considered statistically
significant.

Propensity scores were estimated using multiple logistic
regression analyses, with adjustments for age, gender, un-
derlying disease, APACHE II score, GCS, respiratory rate,
heart rate, mean arterial pressure, pH, PaCO2, and PaO2/
FiO2. After calculating propensity scores, we matched the
patients who initiated the NIV in the ward and those in the
ICU with similar propensity scores at a 1 :1 ratio, using the
nearest neighbor method, no replacement, and a 0.05 caliper
width.

3. Results

In the overall cohort, 83 patients initiated NIV as first-line
therapy in the ward and 319 patients in the ICU (Table 1).
Compared with the subjects in the ICU, the patients who
initiated the NIV in the ward had lower respiratory rate
(24± 3 vs. 28± 6 breaths/min, p< 0.01), lower heart rate
(98± 19 vs. 108± 22, beats/min), higher pH (7.29± 0.05 vs.
7.26± 0.06, p< 0.01, higher PaO2/FiO2 (228± 70 vs.
208± 90mmHg, p � 0.05), and higher Glasgow coma scale
(14.8± 0.7 vs. 14.4± 1.5, p � 0.02) at the beginning of NIV.

Five (6%) patients in the ward were transferred to the ICU
for intensive care (3 for continuous use of NIV and 2 for
intubation) due to progressive deterioration (Table 2). Of the 5
patients, only one died in hospital. 1e rate of NIV failure,
hospital mortality, and the length of stay in hospital did not
differ between the two groups.1e duration of NIV was longer
in the patients who initiated NIV in the ward than those in the
ICU (6.1, IQR: 3.0–9.1 vs. 4.0, 2.1–6.6 days, p< 0.01). But, their
hospital cost was much lower (3093, IQR: 2214–4352 vs. 4638,
3259–7712 $USD,p< 0.01). Also, the vital signs from initiation
to 24h of NIV improved faster among the patients in the ICU
than those in the ward (Figure 1).

After propensity matching, 42 patients were left in each
group (Table 3). 1e baseline data were comparable between
the two groups. 1e rate of NIV failure and hospital
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mortality did not differ between the two groups (Table 4).
Similar with the overall cohort, we also found that the
duration of NIV was longer and hospital cost was lower in
patients who initiated the NIV in the ward than those in the
ICU. Also, the respiratory rate, heart rate, pH, PaCO2, and
PaO2/FiO2 improved faster within the first 24 h of NIV in
patients who initiated NIV in the ICU than those in the ward
(Figure 2). In addition, there was another new finding that
the length of stay in hospital was shorter among the patients
in the ICU than those in the ward (median 8.8 vs. 10.9 day,
p � 0.04).

4. Discussion

To our knowledge, this is the first head-to-head comparison
of treatment failure and costs among COPD patients who
used NIV in the ward versus in the ICU. Slower im-
provement of vital signs and arterial blood gas tests, longer
duration of NIV, but lower cost were observed in patients
who used NIV in the ward than those in the ICU. Also, the
rate of NIV failure and hospital mortality did not differ
between the two groups.

A landmark paper published at 2000 has reported that
the early use of NIV in the ward among patients with COPD
exacerbation reduced the need for intubation and hospital
mortality compared with standard care [6]. 1is study only
demonstrated that the use of NIV in the ward was feasible.

During the following 20 years, many studies also showed the
benefits of NIV in the ward among COPD population
[17, 22, 23]. However, these studies only demonstrated that
patients with COPD exacerbation benefited from NIV in the
ward but failed to demonstrate the optimal location where
the NIV should be used. To our knowledge, our study is the
first one head-to-head comparison on the use of NIV in the
ward against those in the ICU. It provides a reference for
clinical staffs how to select the location to use NIV.

We found an interesting result that patients who used
NIV in the ward had a less severe respiratory acidosis and
lower cost but a longer duration of NIV compared with
those in the ICU.1e potential reasons were as follows. First,
the physicians and nurses in the ICU were much more than
those in the ward when they managed the same number of
patients. Second, the ICU physicians and nurses have
managed much more NIV patients than those who managed
NIV in the ward. So, the experience on NIV management
was much richer in ICU physicians and nurses. 1ird, the
two reasons lead to a faster improvement in vital signs and
arterial blood gas tests in the ICU patients. 1erefore, these
reasons can be explained this interesting result.

Delayed admission to the ICU may be associated with
increased mortality. A previous study reported by Valentini
et al. showed that the mortality was 18% in patients who
directly transferred from the emergency department to re-
spiratory ICU, but it increased to 64% in cases who

Table 1: Clinical characteristics of the patients who used NIV in the ward versus those in the ICU.

In the ward N� 83 In the ICU N� 319 p

Age, years 71± 8 73± 9 0.10
Male/female 63/20 243/76 >0.99
Underlying disease
Hypotension 27 (33%) 110 (35%) 0.80
Diabetes mellitus 16 (19%) 61 (19%) >0.99
Chronic heart disease 13 (16%) 63 (20%) 0.44
Chronic kidney disease 0 (0%) 14 (4%) 0.08
Chronic liver disease 1 (1%) 10 (3%) 0.47

Data collected at initiation of NIV
APACHE II score 15± 2 16± 4 0.09
GCS 14.8± 0.7 14.4± 1.5 0.02
Respiratory rate, breaths/min 24± 3 28± 6 <0.01
Heart rate, beats/min 98± 19 108± 22 <0.01
Mean arterial pressure, mmHg 91± 11 100± 18 <0.01
pH 7.29± 0.05 7.26± 0.06 <0.01
PaCO2, mmHg 80± 13 83± 17 0.08
PaO2/FiO2, mmHg 228± 70 208± 90 0.05

NIV �noninvasive ventilation, ICU � intensive care unit, GCS �Glasgow coma scale, APACHE II � acute physiology and chronic health evaluation II.

Table 2: Outcomes in patients who used NIV in the ward versus those in the ICU.

In the ward N� 83 In the ICU N� 319 p

NIV failure 4 (5%) 35 (11%) 0.10
Hospital mortality 3 (4%) 31 (10%) 0.08
Transfer to the ICU 5 (6%) − −

Duration of NIV, days 6.1 (3.0–9.1) 4.0 (2.1–6.6) <0.01
1e length of stay in hospital, days 10.2 (8.0–15.0) 10.2 (6.7–15.0) 0.40
Hospital cost, $ 3093 (2214–4352) 4638 (3259–7712) <0.01
NIV�noninvasive ventilation, ICU� intensive care unit.
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transferred from the respiratory ward [24]. 1is study
enrolled all the patients who used NIV in the ICU due to
various reasons. However, we only enrolled patients who
used the NIV due to COPD exacerbation, and only 5 (6%)
patients in the ward were transferred to ICU due to pro-
gressive deteriorations. Among the 5 cases, only one died in

hospital. 1erefore, the need to transfer to the ICU for
escalation therapy is low among COPD patients who used
NIV in the ward. Also, the mortality is not high among
those who transferred to the ICU. We believe the use of
NIV in the ward among COPD patients is an alternative
place.
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Figure 1: 1e changes of vital signs and arterial blood gas tests within 24 h of NIV in overall cohort. (a) ΔRespiratory rate, breaths/min.
(b) ΔHeart rate, beats/min. (c) ΔPaCO2, mmHg. (d) ΔpH. (e) ΔPaO2/FiO2, mmHg.

Table 3: Clinical characteristics in the propensity-matched cohort.

In the ward N� 42 In the ICU N� 42 p

Age, years 72± 8 72± 9 0.88
Male/female 32/10 33/9 >0.99
Underlying disease
Hypotension 16 (38%) 12 (29%) 0.48
Diabetes mellitus 10 (24%) 11 (26%) >0.99
Chronic heart disease 6 (14%) 9 (21%) 0.57
Chronic kidney disease 0 (0%) 1 (2%) >0.99
Chronic liver disease 0 (0%) 1 (2%) >0.99

Data collected at initiation of NIV
APACHE II score 15± 3 15± 4 0.58
GCS 14.7± 0.9 14.5± 0.8 0.31
Respiratory rate, breaths/min 25± 3 26± 8 0.49
Heart rate, beats/min 104± 20 106± 19 0.31
Mean arterial pressure, mmHg 93± 12 95± 15 0.47
pH 7.29± 0.04 7.29± 0.05 0.69
PaCO2, mmHg 77± 11 76± 16 0.82
PaO2/FiO2, mmHg 208± 71 214± 92 0.73

NIV�noninvasive ventilation, ICU� intensive care unit, GCS�Glasgow coma scale, APACHE II� acute physiology and chronic health evaluation II.
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Our study may be limited by the retrospective design.
Where to use the NIV was decided by the attending phy-
sicians. More serious illness patients were more likely to
transfer to the ICU, which lead to unbalanced baseline data
between patients in the ICU and those in the ward. However,
we performed a propensity-matched analysis to balance the
confounders. After propensity matching, the baseline data
were comparable. 1is improves the comparability between
the two groups. In addition, the transportation of the pa-
tients from the ward to ICU for escalation therapy was also
decided by the attending physicians if the respiratory failure
progressively deteriorated. Delayed admission to the ICU for
escalation therapy may be occurred because the personnel
allocation was much lower in the ward than that in the ICU.

1erefore, more attention should be paid to the patients who
used the NIV in the ward.

5. Conclusions

1e use of NIV in the ward is cost effective for COPD patients.
1e rate of transportation to the ICU for escalation therapy is
low. NIV failure rate and mortality did not differ between
patients who initiated NIV in the ward and those in the ICU.

Abbreviations

COPD: Chronic obstructive pulmonary disease
NIV: Noninvasive ventilation

Table 4: Outcomes in the propensity-matched cohort.

In the ward N� 42 In the ICU N� 42 p

NIV failure 1 (2%) 4 (9%) 0.36
Hospital mortality 2 (5%) 2 (5%) >0.99
Transfer to the ICU 2 (5%) − −

Duration of NIV, days 7.1 (4.1–10.6) 4.2 (1.8–5.7) <0.01
1e length of stay in hospital, days 10.9 (8.6–16.1) 8.8 (6.4–15.6) 0.04
Hospital cost, $ 3105 (2286–4443) 3853 (2281–8049) 0.02
NIV�noninvasive ventilation, ICU�intensive care unit.
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Figure 2: 1e changes of vital signs and arterial blood gas tests within 24 h of NIV in propensity-matched cohort. (a) ΔRespiratory rate,
breaths/min. (b) ΔHeart rate, beats/min. (c). ΔPaCO2, mmHg. (d) ΔpH. (e) ΔPaO2/FiO2, mmHg.
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IQR: Interquartile range
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Background. Risk factors for noninvasive ventilation (NIV) failure after initial success are not fully clear in patients with acute
exacerbation of chronic obstructive pulmonary disease (COPD).Methods. Patients who received NIV beyond 48 h due to acute
exacerbation of COPD were enrolled. However, we excluded those whose pH was higher than 7.35 or PaCO2 was less than
45mmHg which was measured before NIV. Late failure of NIV was defined as patients required intubation or died during NIV
after initial success. Results. We enrolled 291 patients in this study. Of them, 48 (16%) patients experienced late NIV failure (45
received intubation and 3 died during NIV). -e median time from initiation of NIV to intubation was 4.8 days (IQR: 3.4–8.1).
Compared with the data collected at initiation of NIV, the heart rate, respiratory rate, pH, and PaCO2 significantly improved
after 1–2 h of NIV both in the NIV success and late failure of NIV groups. Nosocomial pneumonia (odds ratio (OR)� 75, 95%
confidence interval (CI): 11–537), heart rate at initiation of NIV (1.04, 1.01–1.06 beat per min), and pH at 1–2 h of NIV (2.06,
1.41–3.00 per decrease of 0.05 from 7.35) were independent risk factors for late failure of NIV. In addition, the Glasgow coma
scale (OR � 0.50, 95% CI: 0.34–0.73 per one unit increase) and PaO2/FiO2 (0.992, 0.986–0.998 per one unit increase) were
independent protective factors for late failure of NIV. In addition, patients with late failure of NIV had longer ICU stay (median
9.5 vs. 6.6 days) and higher hospital mortality (92% vs. 3%) compared with those with NIV success. Conclusions. Nosocomial
pneumonia; heart rate at initiation of NIV; and consciousness, acidosis, and oxygenation at 1–2 h of NIV were associated with
late failure of NIV in patients with COPD exacerbation. And, late failure of NIV was associated with increased
hospital mortality.

1. Introduction

Chronic obstructive pulmonary disease (COPD) is the
fourth leading cause of death [1]. Acute exacerbations of
COPD are responsible for more than 600,000 hospitaliza-
tions annually and result in direct costs of more than $20
billion in the United States [2]. Noninvasive ventilation
(NIV) as an effective intervention has been used to manage
patients with acute exacerbation of COPD for decades. It
improves pH, reduces respiratory rate, reduces PaCO2, and
subsequently reduces intubation rate and mortality [3, 4].
Because of these advantages, use of NIV in patients with

acute exacerbation of COPD has continuously increased in
recent years [5, 6]. Moreover, current guidelines strongly
recommend NIV to be used in patients with acute exacer-
bation of COPD [7, 8].

In spite of benefits from NIV in patients with acute ex-
acerbation of COPD, late failure of NIV after initial im-
provement is not rare. It ranges from 8% to 23% [9–12]. -e
reasons for early failure of NIV (failure occurred at initial 48 h
of NIV) have been widely discussed in patients with acute
exacerbation of COPD [13–18]. However, only few studies
have reported the reasons for late failure of NIV [9, 12, 19].
Because of small sample sizes, these studies only identified
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poor sleep, delirium, metabolic complications, and functional
limitation were associated with late failure of NIV. -us, we
aimed to find other potential risk factors for late failure of
NIV in patients with acute exacerbation of COPD.

2. Methods

We performed an observational study in a respiratory ICU
of a teaching hospital from January 2012 to December 2015.
-e study protocol was approved by our ethics committee
and the institutional review board (the First Affiliated
Hospital of Chongqing Medical University). Because of the
observational nature, the informed consents were waived.

Patients who were admitted to our ICU for NIV as a first-
line intervention because of acute exacerbation of COPD
were screened for eligibility. COPD was diagnosed based on
the guideline developed by our Respiratory Disease Com-
mittee, Chinese Medical Association in 2002 [20]. We en-
rolled the patients whose pH was less than 7.35 and PaCO2
was more than 45mmHg which were measured before NIV.
However, we excluded those whose NIV was terminated
because of clinical improvement, requirement of intubation,
or death within 48 h of NIV. Late failure of NIV was defined
as intubation or death during NIV after initial success [9].

In our department, NIV was managed by attending
physicians, respiratory therapists, and nurses as the protocol
reported previously [21]. -e face mask (ZS-MZA Face
Mask; Shanghai Zhongshan Medical Technology Co.,
Shanghai, China) was the first choice for NIV (BiPAP Vision
or Respironics V60). Patients were positioned at 30° to 45° to
avoid aspiration, if there were no contraindications to this
positioning. Bi-level positive airway pressure (S/Tmode) was
used for all patients. Expiratory positive airway pressure was
initially set at 4 cmH2O and titrated according to the flow
curve to ensure that expiratory flow reached zero prior to
inspiration or diminished ineffective efforts. However, it was
limited to less than 12 cmH2O. Inspiratory positive airway
pressure was set at 8 cmH2O and increased by increments of
2 cmH2O to obtain a tidal volume of more than 6mL/kg or
to the maximum tolerated level for each patient. -e in-
spiratory positive airway pressure was limited to less than
25 cmH2O. -e fraction of inspired oxygen was set to
maintain SpO2 at around 95%. Humidification was provided
by a heated humidifier. If humidification was inadequate,
intermittent drinking was allowed. If respiratory failure was
reversed, disconnection of NIV equipment was performed
per hospital protocol [22].

Intubation was performed referencing the criteria as
follows (one major criterion or at least two minor criteria),
but it was determined at the discretion of the attending
physicians [21]. Major criteria were (1) respiratory arrest, (2)
loss of consciousness, (3) hemodynamic instability without
response to fluids and vasoactive agents, (4) inability to
correct dyspnea, (5) development of conditions necessitating
intubation to protect the airway or to manage copious
tracheal secretions, and (6) PaO2/FiO2 below 100mmHg.
Minor criteria were (1) respiratory rate more than 35
breaths/min, (2) blood pH less than 7.30, (3) persistent

tachycardia, (4) persistent activation of accessory respiratory
muscles, and (5) PaO2/FiO2 below 150mmHg.

Nosocomial pneumonia was diagnosed by the methods
we reported previously [23]. It was suspected if a patient
had a radiographic infiltrate that was new or progressive,
along with clinical findings suggesting infection, including
new onset of fever, purulent sputum, leukocytosis, and
decline in oxygenation. In patients with suspected pneu-
monia, respiratory tract culture was performed. Samples
were obtained by coughing, nasotracheal suction, a pro-
tected specimen brush, or bronchoalveolar lavage. Noso-
comial pneumonia was confirmed by positive culture and
clinical presentations.

Data were analyzed by statistical software (SPSS 17.0;
SPSS, Chicago, IL, USA) and reported as mean and standard
deviation or median and interquartile range when appro-
priate. Normally distributed continuous variables were
analyzed with the independent-sample t-test. Abnormally
distributed continuous variables were analyzed with the
Mann–Whitney U test. Categorical variables were analyzed
by the chi-square or Fisher’s exact test when appropriate.
Within groups, a paired-sample t-test was used to analyze
the data collected at NIV initiation and 1-2 h of NIV.
Kaplan–Meier curves were used to analyze the proportions
of intubation in patients with late failure of NIV. Inde-
pendent risk factors for late failure of NIV were identified by
multivariate logistic regression analysis. p< 0.05 was con-
sidered significant.

3. Results

We enrolled 291 patients in this study. After 48 h of NIV, 45
patients experienced intubation. -e median time from
initiation of NIV to intubation was 4.8 days (interquartile
range (IQR): 3.4–8.1) (Figure 1). In addition, 3 patients
reached the criteria of intubation. In spite of attending
physicians, they did not benefit from intubation and con-
tinuous use of NIV. Finally the 3 patients died during NIV.
-us, a total of 48 patients (16%) experienced late NIV
failure after initial success.

Patients with NIV success were younger than those with
late failure of NIV (71± 10 vs. 76± 9 years, p � 0.01) (Ta-
ble 1). -ey also had lower APACHE II score (17± 6 vs.
21± 5, p< 0.01) and lower proportion of nosocomial
pneumonia (0.8% vs. 14.6%, p< 0.01). At initiation of NIV,
there were no differences in respiratory rate, pH, and PaO2/
FiO2 between patients with NIV success and late failure of
NIV. However, the patients with NIV success had lower
respiratory rate (23± 4 vs. 25± 7 breaths/min, p � 0.02),
higher pH (7.34± 0.06 vs. 7.31± 0.08, p � 0.02), and higher
PaO2/FiO2 (221± 81 vs. 183± 76mmHg, p< 0.01) after
1–2 h of NIV compared with those who experienced late
failure of NIV. Compared with the variables collected at NIV
initiation, respiratory rate, heart rate, pH, and PaCO2 col-
lected at 1–2 h of NIV significantly improved both in NIV
success and late failure of NIV groups (Figure 2). However,
the respiratory rate, pH, PaCO2, and PaO2/FiO2 improved
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faster in the NIV success group than those in the late failure
of NIV group (Figure 3).

In the multivariate logistic regression analysis, we
identified that nosocomial pneumonia (odds ratio (OR)�

75, 95% confidence interval (CI): 11–537), heart rate at
initiation of NIV (1.04, 1.01–1.06 beat per min), and pH at
1–2 h of NIV (2.06, 1.41–3.00 per decrease of 0.05 from 7.35)
were independent risk factors for late failure of NIV (Ta-
ble 2). We also found that the Glasgow coma scale
(OR� 0.50, 95% CI: 0.34–0.73 per one unit increase) and
PaO2/FiO2 (0.992, 0.986–0.998 per one unit increase) were
independent protective factors for late failure of NIV.

Outcomes between patients with NIV success and late
failure are summarized in Table 3. -ere were no differences
in duration of NIV and the length of stay in the hospital

between the two groups. However, the patients with NIV
success had shorter length of stay in the ICU (median 6.6,
IQR: 4.9–9.8 vs. 9.5, 5.7–13.8, p � 0.02) and lower hospital
mortality (3% vs. 92%, p< 0.01) than those with late failure
of NIV.

4. Discussion

-e current study found the incidence of late failure of NIV
was 16% in patients with acute exacerbation of COPD with a
relatively large sample size. Although some clinical variables
improved both in the NIV success and late failure of NIV
groups, the variables in the NIV success group improved
faster than those in the late failure of NIV group. Noso-
comial pneumonia; heart rate at initiation of NIV; and

Median 4.8 days (IQR: 3.4–8.1)
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Figure 1: Proportion of intubation in patients with late failure of NIV.

Table 1: Baseline characteristics of patients who had NIV success or late failure of NIV.

NIV success Late failure of NIV
pN� 243 (84%) N� 48 (16%)

Age, years 71± 10 76± 9 0.01∗
Male/female 186/57 33/15 0.27
APACHE II score 17± 6 21± 5 <0.01∗
Nosocomial pneumonia during NIV 2 (0.8%) 7 (14.6%) <0.01∗
Data collected at NIV initiation
GCS 14.6± 1.1 13.8± 1.7 <0.01∗
Respiratory rate, breaths/min 29± 5 29± 6 0.85
Heart rate, beats/min 110± 19 120± 26 <0.01∗
MAP, mmHg 102± 17 94± 18 0.01∗
pH 7.26± 0.06 7.27± 0.06 0.80
PaCO2, mmHg 81± 19 73± 23 0.01∗
PaO2/FiO2, mmHg 192± 103 188± 99 0.79

Data collected at 1–2 h of NIV
GCS 14.8± 0.7 13.9± 1.9 <0.01∗
Respiratory rate, breaths/min 23± 4 25± 7 0.02∗
Heart rate, beats/min 100± 18 109± 22 <0.01∗
MAP, mmHg 91± 14 90± 16 0.50
pH 7.34± 0.06 7.31± 0.08 0.02∗
PaCO2, mmHg 70± 18 68± 21 0.33
PaO2/FiO2, mmHg 221± 81 183± 76 <0.01∗

NIV�noninvasive ventilation; GCS�Glasgow coma scale; MAP�mean arterial pressure. ∗p< 0.05 for NIV success vs. late failure of NIV.

Canadian Respiratory Journal 3



consciousness, acidosis, and oxygenation at 1–2 h of NIV
were associated with late failure of NIV. In addition, late
failure of NIV was associated with increased hospital
mortality.

-e mortality in patients with late failure of NIV was
68% in Moretti’s study and 80% in Carratu’s study [9, 12]. In
our study, the mortality was 92%, which was higher than the
value reported by previous studies. We noted that most of
the patients experienced NIV failure within 15 days of NIV
in our study. However, some cases experienced NIV failure
beyond 30 days. From 15 to 30 days of NIV, there was no
NIV failure. It indicates that some patients had significantly
impaired respiratory function and required prolonged
noninvasive ventilation. In addition, longer exposure in the
ICU is associated with a higher incidence of nosocomial
pneumonia. -ese reasons contribute much to hospital
mortality.

Previous studies reported that patients with late failure of
NIV had higher APACHE II score, higher heart rate, lower
GCS, and lower blood pressure compared with successful
ones [12, 19, 24]. Our study also found similar results.
Different from previous studies, we found nosocomial
pneumonia was an independent risk factor for late failure of
NIV. It reminds us that nosocomial pneumonia played an
important role in late failure of NIV. Among the NIV

patients who experienced nosocomial pneumonia in our
study, NIV failure occurred in 78% of cases. -us, pre-
vention of nosocomial pneumonia in NIV patients was as
important as in those who received invasive mechanical
ventilation.

Both in the NIV success and late failure of NIV groups,
most of the clinical variables significantly improved after
1–2 h of NIV. However, the respiratory rate, pH, PaCO2,
and PaO2/FiO2 improved faster in the NIV success group
than those in the late failure of NIV group.-ese results are
new findings compared with previous studies [9, 12, 19, 24].
-ese data indicate that the patients in the late failure of
NIV group responded not so well than those who expe-
rienced NIV success. -at may be the reason for initial
improvement but later failure in the late failure of NIV
group.

Our study has several limitations. We found nosocomial
pneumonia was associated with late failure of NIV in a
patient with acute exacerbation of COPD. However, we only
enrolled 9 patients with nosocomial pneumonia. -e small
sample size may skew this result. -us, the result is required
to be validated with a larger sample size. Secondly, this study
was only performed in a respiratory ICU. -e single-center
study also limited the results to extrapolate to other centers.
-irdly, patients who received intubation later were
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Figure 3: Changes of vital signs from initiation to 1–2 h of NIV.

Table 2: Univariate and multivariate analysis of risk factors associated with late failure of NIV.

Univariate analysis Multivariate analysis
OR (95% CI) p OR (95% CI) p

Age, years 1.05 (1.01–1.08) <0.01 — —
APACHE II score 1.11 (1.05–1.18) <0.01 — —
Nosocomial pneumonia during NIV 21 (4–103) <0.01 75 (11–537) <0.01
Data collected at NIV initiation
GCS 0.70 (0.57–0.86) <0.01 — —
Heart rate, beats/min 1.02 (1.01–1.04) <0.01 1.04 (1.01–1.06) <0.01
MAP, mmHg 0.98 (0.96–0.99) <0.01 — —
PaCO2, mmHg 0.98 (0.97–1.00) 0.01 — —

Data collected at 1–2 h of NIV
GCS 0.50 (0.36–0.70) <0.01 0.50 (0.34–0.73) <0.01
Respiratory rate, breaths/min 1.08 (1.01–1.14) 0.02 — —
Heart rate, beats/min 1.03 (1.01–1.04) 0.01 — —
pH at 1–2 h of NIV, per decrease of 0.05 from 7.35 1.67 (1.26–2.25) <0.01 2.06 (1.41–3.00) <0.01
PaO2/FiO2, mmHg 0.993 (0.988–0.998) <0.01 0.992 (0.986–0.998) 0.01

OR� odds ratio; CI� confidence interval; NIV�noninvasive ventilation; GCS�Glasgow coma scale; MAP�mean arterial pressure.
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associated with higher mortality [12, 25]. -erefore, early
intubation (e.g., 24 h of NIV) is an alternative to reduce
mortality.

5. Conclusions

Nosocomial pneumonia; heart rate at initiation of NIV; and
consciousness, acidosis, and oxygenation at 1–2 h of NIV
were associated with late failure of NIV in patients with
COPD exacerbation. In addition, late failure of NIV was
associated with increased hospital mortality.
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