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Background: Prophylactic noninvasive ventilation (NIV) after scheduled extubation can
benefit patients with chronic respiratory disorders, among which chronic obstructive pul-
monary disease (COPD) is a significant example. However, it is not known whether all
COPD patients benefit from prophylactic NIV.

Methods: We performed a post hoc analysis of prospectively collected data. COPD patients
who successfully completed a spontaneous breathing trial were enrolled. In the prophylactic
NIV group, NIV was applied immediately after extubation. In the usual care group, conven-
tional oxygen therapy was used. Patients were followed up to 90 days post-extubation.
Results: Among patients with PaCO, > 45 mmHg, 128 and 40 received prophylactic NIV and
usual care, respectively. Prophylactic NIV led to lower rates of re-intubation (4% vs 30% at
72 h and 11% vs 35% at 7 days, both p <0.01) and hospital mortality (18% vs 40%, p <0.01) than
usual care. The proportion of 90-day mortality was also lower in the prophylactic NIV group
(log rank test, p = 0.04). Among patients with PaCO, <45 mmHg, 32 and 21 received prophylactic
NIV and usual care, respectively. In this cohort however, prophylactic NIV neither reduced re-
intubation (6% vs 5% at 72 h, p > 0.99, and 9% vs 14% at 7 days, p = 0.67) nor hospital mortality
(19% vs 24%, p = 0.74). The proportion of 90-day mortality did not differ between the two groups
(log rank test, p = 0.79).

Conclusion: This exploratory study shows that prophylactic NIV benefits COPD patients
with PaCO, > 45 mmHg, but it may not benefit those with PaCO, < 45 mmHg. Further study
with a larger sample size is required to confirm this.

Keywords: noninvasive ventilation, ventilator weaning, re-intubation

Introduction

Chronic obstructive pulmonary disease (COPD) is a worldwide public health chal-
lenge, due to its high prevalence and related disability and mortality." It is the fourth
leading cause of death worldwide and the third in China.>> Among COPD patients who
receive invasive mechanical ventilation, hospital mortality reaches 30%.* Investigation
of how to reduce mortality in critically ill COPD patients is needed.

Noninvasive ventilation (NIV) is widely used to liberate patients from invasive
mechanical ventilation. NIV is performed immediately following endotracheal tube
removal (prophylactic use) in patients who successfully complete a spontaneous
breathing trial (SBT) to avoid extubation failure. Prophylactic NIV reduces extubation
failure in high-risk patients but not in the overall population.’® Therefore, guidelines
recommend that NIV be used preventively in high-risk patients.'®'" COPD is a risk
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factor for extubation failure.'®'> It has been demonstrated
that prophylactic NIV benefits patients who exhibit this risk
factor.>” However, it remains unclear whether all COPD
patients benefit from prophylactic NIV. For this reason, we
identified COPD patients who could benefit from prophylac-
tic NIV.

Methods

From 2011 to 2018, we developed a database in an intensive
care unit (ICU) of a teaching hospital and prospectively
collected data for patients who were ready for extubation
after successful SBT. In this study, we enrolled patients
diagnosed with COPD. Data on some patients taken from
a previous study were analyzed as well.'* However, patients
with tracheotomies were excluded. The study protocol was
approved by the local ethics committee (the First Affiliated
Hospital of Chongqing Medical University). Due to the
observational nature of this study, informed consent was
waived. We declare that all the data which can identify the
personal information has been hidden. And all the interven-
tions are performed as our hospital protocol, which is
according with the Declaration of Helsinki.

Patients admitted to our ICU were managed following
hospital protocols. COPD was diagnosed based on the cri-
teria published by Chinese Medical
Bronchodilators such as salbutamol and budesonide were

Association.'?

used to reduce airway resistance for patients who received
invasive mechanical ventilation. Expectorants such as acet-
ylcysteine were used to diminish airway secretions.
Sedation and analgesia were used to promote patient—ven-
tilator interaction. At the beginning of ventilation, the
assist/control mode was used. After respiratory failure was
reversed, pressure support ventilation (PSV) was used to
facilitate ventilator weaning.

We screened the patients every morning to identify those
who could be liberated from invasive mechanical ventilation.
A SBT was performed if the following criteria were met:
reversal of the underlying cause of acute respiratory failure,
positive end-expiratory pressure (PEEP) <5 cmH,0, FiO, <
50%, Pa0,/FiO, > 150, temperature < 38°C, heart rate < 120
beats/min, breathing frequency < 30 cycles/min, and hemo-
dynamic stability.'* PSV was used to perform a 120 min
SBT. Support pressure was set at 6 and 8 cmH,O for inner
diameters of the endotracheal tube of >7.5 and <7.5 mm,
respectively.'®!” SBT failure was defined as the presence one
of the following criteria: heart rate > 140 or <50 beats/min,
breathing frequency > 35 cycles/min, rapid shallow breathing
index (f/Vt) > 105, peripheral oxygen saturation (SpO,) <

90% at FiO, > 50%, systolic blood pressure > 180 or < 90
mmHg; diminishing consciousness or diaphoresis; and clin-
ical signs indicating respiratory muscle fatigue, labored
breathing, or both. The endotracheal tube was removed if
there were no signs of SBT failure.

Following their attending physicians’ orders, after extu-
bation, patients received immediate use of NIV or conven-
tional oxygen therapy. Based on existing evidence,
physicians were more likely to order prophylactic NIV in
patients at risk for extubation failure.®® In our department,
we used BiPAP Vision and V60 (Philips Respironics,
Monroeville, PA, USA) to perform NIV. The S/T mode
was selected. At the beginning of NIV, the expiratory posi-
tive airway pressure was set at 4 cmH,O and gradually
increased to counterbalance the intrinsic PEEP. The initial
inspiratory pressure was set at 8 cmH,O and gradually
increased to reach a tidal volume of around 8 mL/kg or to
the maximum tolerated level for each patient. The FiO, was
set to maintain SpO, around 95%. After 24 h, liberation
from NIV was considered, following hospital protocol.'® In
patients who received conventional oxygen therapy, a nasal
cannula or mask was used. Oxygen flow was adjusted to
maintain SpO, around 95%.

Reintubation was determined based on the protocol of our
hospital (one major criterion or at least two minor criteria).'*
The major criteria were loss of consciousness, heart rate <50
beats/min with loss of alertness, respiratory arrest, develop-
ment of conditions necessitating intubation to protect the
airway (coma or seizure disorders) or copious tracheal secre-
tions requiring management, and hemodynamic instability
without response to fluids and vasoactive drugs. The minor
criteria were hypoxemia with PaO, <60 mmHg at FiO, > 0.5
or supplemental oxygen flow > 10 L/min, acidosis with pH
< 7.30, breathing frequency > 35 cycles/min, persistent
tachycardia, and persistent activation of accessory respira-
tory muscles.

At extubation, we recorded the age, gender, acute phy-
siology and chronic health evaluation II score, heart rate,
breathing frequency, blood pressure, Glasgow coma scale,
hemoglobin, and duration of ventilation. We recorded
reintubation at 72 h and 7 days post-extubation. We also
recorded ICU stay, hospital stay, ICU mortality, and hos-
pital mortality. Patients were followed up to 90 days or
death, whichever came first.

PaCO, was measured at the end of SBT. A previous
study reported that prophylactic NIV benefited patients
with PaCO, greater than 45 mmHg when measured at
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We used this cutoff value to divide the
patients into two cohorts.

extubation.’

Statistical Analysis

Normally distributed continuous variables are reported as
mean and standard deviation. Non-normally distributed con-
tinuous variables are reported as medians and interquartile
ranges. The differences between the groups were analyzed
using the independent-sample 7-test or the Mann—Whitney
U-test when appropriate. Categorical variables are reported
as numbers and percentages, and differences between groups
were analyzed using the chi-square and/or Fisher’s exact test
when appropriate. Kaplan—Meier analysis was used to indi-
cate survival probability. A p value less than 0.05 was taken
to indicate statistical significance.

Results

We enrolled 168 patients with PaCO, > 45 mmHg. Of these,

128 cases received prophylactic NIV, and 40 cases received

conventional oxygen therapy. Another 53 patients were

enrolled with PaCO, < 45 mmHg. Of these, 32 cases
and 21

received prophylactic NIV, cases received

Table | Demographic Data Collected at Extubation

conventional oxygen therapy. The demographics collected
at extubation are summarized in Table 1.

In the cohort with PaCO, < 45 mmHg, the NIV group
had a longer duration of invasive mechanical ventilation
before extubation than the control group (with medians
[interquartile ranges] of 5 [3-9] vs 4 [2-6] days, p = 0.04).
In the cohort with PaCO, > 45 mmHg, the NIV group had
lower hemoglobin than the control group (11.7+2.3 vs 12.8
+2.1 g/dL, p = 0.01). There were no differences between the
NIV and control groups in either cohort for other variables.

In the cohort with PaCO, < 45 mmHg, there were no
differences in the re-intubation rate, hospital mortality,
90-day mortality, ICU stay, or hospital stay between the NIV
and control groups (Table 2). The crude and adjusted odds
ratios (ORs) for re-intubation at 7 days were 0.62 (95% con-
fidence interval [CI], 0.11-3.41, p = 0.58) and 0.35 (95% CI,
0.04-2.79, p = 0.32). In the cohort with PaCO, > 45 mmHg,
the NIV group had a lower re-intubation rate and hospital
mortality. The crude and adjusted OR of re-intubation at
7 days were 0.23 (95% CI, 0.10-0.54, p < 0.01) and 0.17
(95% CI, 0.07-0.46, p < 0.01).

There was no difference in cumulative survival between
the NIV and control groups in the PaCO, < 45 mmHg cohort

PaCO, < 45 mmHg P PaCO, > 45 mmHg P
NIV N =32 Control N = 21 NIV N = 128 Control N = 40
Underlying disease
Hypotension 15 (50%) 9 (43%) >0.99 44 (34%) 13 (33%) >0.99
Diabetes mellitus 9 (28%) 6 (29%) >0.99 26 (20%) 6 (15%) 0.65
Chronic heart disease 9 (28%) 4 (19%) 0.53 35 (27%) 15 (38%) 0.24
Chronic kidney disease I (3%) 2 (10%) 0.56 6 (5%) 0 (0%) 0.34
Chronic liver disease - - - 9 (7%) 1 (3%) 0.45
Age, years 76x11 7112 0.09 72%10 7318 0.46
Male/female 22/10 15/6 >0.99 109/19 30/10 0.15
APACHE Il score 13+3 123 0.31 12+3 1242 0.48
Heart rate, beats/min 95+18 9118 0.50 10014 97+15 0.30
Systolic blood pressure, mmHg 132£16 128+17 0.37 136+23 13119 0.22
Diastolic blood pressure, mmHg 69+12 75+10 0.37 7212 75+10 0.23
GCS 14.8+1.1 14.5%1.6 0.55 14.9+0.3 14.9£0.5 0.82
Hemoglobin, g/dL 10.6£2.1 10.9£2.0 0.67 11.7£2.3 12.842.1 0.01*
Duration of ventilation, d 539 4 (2-6) 0.04* 6 (4-8) 5(3-7) 0.26
Breathing frequency, cycles/min 2245 21+4 0.54 215 22+5 0.76
Rapid shallow breathing index 54423 51+26 0.64 53+25 59+24 0.19
pH 7.4510.04 7.45+0.04 0.79 7.40%0.05 7.41+0.05 0.33
PaO,, mmHg 93422 94127 0.86 85+21 91+21 0.10
PaCO,, mmHg 40+3 3845 0.16 60%10 57+8 0.07
PaO,/FiO,, mmHg 240463 250484 0.63 210+56 222455 0.15
Notes: Duration of ventilation is reported as medians and interquartile ranges. *p < 0.05.
Abbreviations: GCS, Glasgow coma scale; APACHE I, acute physiology and chronic health evaluation Il; Min, minimum; Max, maximum.
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Table 2 Outcomes
PaCO, < 45 mmHg P PaCO, > 45 mmHg P
NIV N = 32 Control N = 21 NIV N =128 Control N = 40
Re-intubation at 72 h 2 (6%) 1 (5%) >0.99 5 (4%) 12 (30%) <0.01*
Re-intubation at 7 days 3 (9%) 3 (14%) 0.67 14 (11%) 14 (35%) <0.01*
Hospital mortality 6 (19%) 5 (24%) 0.74 23 (18%) 16 (40%) <0.01*
90-day mortality Il (34%) 8 (38%) >0.99 31 (24.2%) 16 (40.0%) 0.07
LOS in ICU, days 12 (8-17) 7 (5-14) 0.10 13 (9-120) 12 (8-19) 0.54
LOS in hospital, days 19 (11-24) 17 (10-37) 0.90 19 (13-27) 19 (14-27) 0.93
LOS in ICU after extubation, days 5 (3-8) 3(2-7) 0.28 7 (4-11) 7 (5-11) 0.87
LOS in hospital after extubation, days 9 (5-16) 8 (5-14) 0.88 12 (8-19) Il (7-16) 0.64

Notes: LOS in ICU, LOS in hospital, LOS in ICU after extubation, and LOS in hospital after extubation are reported as medians and interquartile ranges. *p < 0.05.
Abbreviations: NIV, noninvasive ventilation; LOS, length of stay; ICU, intensive care unit.

(log rank test, p=0.79) (Figure 1). However, in the cohort with
PaCO, > 45 mmHg, it was much lower in the NIV group than
in the control group (log rank test, p = 0.04) (Figure 2).

Discussion
Our study systematically explored the effects of prophylac-
tic NIV in COPD patients. In the cohort with PaCO, < 45
mmHg, prophylactic NIV did not reduce re-intubation or
hospital mortality. In the cohort with PaCO, > 45 mmHg,
prophylactic NIV significantly reduced re-intubation and
hospital mortality.

The physiological effects of NIV in COPD patients coun-
terbalance the intrinsic PEEP, which decreases the work of
breathing.'” Therefore, NIV is widely used in the process of
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Figure | Survival in patients with PaCO, < 45 mmHg.

ventilator weaning.?® A recent systematic review and meta-
analysis showed that NIV as a weaning strategy reduced re-
intubation in COPD population (relative risk = 0.33).%'
However, in our study, we challenged the assumption that
all COPD patients benefit from prophylactic NIV. We found
that prophylactic NIV benefited COPD patients with PaCO,
> 45 mmHg but not in those with PaCO, <45 mmHg. This is
a new insight into the effects of NIV on ventilator weaning.

To the best of our knowledge, only one study has
explored the effects of prophylactic NIV in COPD
patients.”> However, its sample was limited to 20 patients
in each group. This small sample size failed to show any
benefits from NIV. A further three studies have explored the
effects of prophylactic NIV in patients with chronic
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Figure 2 Survival in patients with PaCO, > 45 mmHg.
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respiratory disorders.”®* These studies showed that patients
with chronic respiratory disorders benefit from prophylactic
NIV. However, COPD was only one of the chronic respira-
tory disorders reviewed. Those studies also failed to unequi-
vocally demonstrate whether COPD patients could benefit
from prophylactic NIV. Therefore, the use of prophylactic
NIV in COPD patients has remained controversial. Because
our study enrolled 221 COPD patients, it enabled us to
conduct a subgroup analysis based on the level of PaCO,
measured at extubation, which constitutes a major strength of
this study. Furthermore, we found that prophylactic NIV
benefited COPD patients with hypercapnia but not non-
hypercapnic patients. This can provide a reference for deci-
sion makers as they consider how to use NIV in COPD
patients after a scheduled extubation.

Among the low-risk patients who received conventional
oxygen therapy after a planned extubation, the rate of re-
intubation at 72 h post-extubation was 12.2%.?* Among
patients with PaCO, < 45 mmHg, the re-intubation rates at
72 h post-extubation were 6% and 5% in the NIV and
control groups, respectively. This indicates that these
patients had a low risk of re-intubation. A previous study
demonstrated that prophylactic NIV did not reduce re-
intubation or ICU mortality in patients with a low risk of re-
intubation.” Therefore, prophylactic NIV may not benefit
COPD patients with PaCO, <45 mmHg. However, a recent
study reported that high-risk patients with PaCO, < 45
mmHg reduced re-intubation.” In this study, only 18% of
patients were diagnosed with COPD in the cohort with
PaCO, < 45 mmHg. It means that these patients had other
risk factors for re-intubation. Therefore, COPD patients
with PaCO, < 45 mmHg may benefit from prophylactic
NIV if they feature other risk factors for re-intubation.

A previous study classified the reasons for re-intubation
as airway and non-airway failure.”® Airway failure was the
inability to breathe without a tracheal tube due to airway
obstruction resulting from aspiration or excessive respiratory
secretions. Non-airway failure might lead to an inability to
breathe without mechanical ventilation due to congestive
heart failure, lung disease, or hypoventilation. In the
COPD population, PaCO, is negatively correlated with
tidal volume and pulmonary function.?’ Patients with higher
PaCO, may have lower tidal volumes and worse pulmonary
function.”” Therefore, the proportion of non-airway failure
may be higher in patients with PaCO, > 45 mmHg than in
those with PaCO, <45 mm Hg. NIV can improve outcomes
among patients at risk for non-airway failure because it can
improve alveolar ventilation and reduce the work of

breathing.”® However, it is difficult to manage risk factors
for non-airway failure. This may be a reason for difficult re-
intubation rates among patients with PaCO, < 45 and >45
mmHg when they have received NIV care.

Our study had several limitations. As it was an obser-
vational study, the use of prophylactic NIV was decided by
the attending physicians. Patients at high risk for extuba-
tion failure were more likely to receive prophylactic NIV
than patients with low risk. Hypercapnic patients were
more likely to receive prophylactic NIV. This resulted in
selection bias. In addition, we only enrolled 53 COPD
patients with PaCO, < 45 mmHg. This might have limited
statistical power and made it inadequate to conclude that
prophylactic NIV did not benefit COPD patients with
PaCO, < 45 mmHg. Further studies with larger sample
sizes are required to confirm this result.

Conclusions

This exploratory study shows that prophylactic NIV ben-
efits COPD patients with PaCO, > 45 mmHg, but it may
not do so in those with PaCO, < 45 mmHg. Further studies
with larger sample sizes are required to draw more robust
conclusions on this issue.
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