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Purpose: Choosing the appropriate time to switch to noninvasive positive-pressure ventilation
(NPPV) plays a crucial role in promoting successful weaning. However, optimal timing for
transitioning and weaning patients from mechanical ventilation (MV) to NPPV has not been
clearly established. In China, the pulmonary infection control (PIC) window as a switching
point for weaning from MV has been performed for many years, without definitive evidence
of clinical benefit. This study aimed to summarize the evidence for NPPV at the PIC window
for patients with respiratory failure from COPD.

Methods: A comprehensive search for randomized controlled trials (RCTs) was performed. The
trials were all parallel studies comparing the PIC window weaning strategy versus conventional
weaning strategy in treatment of patients with respiratory failure due to COPD.

Results: Sixteen studies of 647 participants were eligible. When compared with conventional
weaning strategy, early extubation followed by NPPV at the point of PIC window significantly
reduced the mortality rate (risk ratios [RRs] 0.36, 95% confidence interval [CI] 0.23 to 0.57) and
ventilator-associated pneumonia (VAP) (RR 0.28, 95% CI 0.19 to 0.41); it also decreased the
duration of invasive ventilation (weighted mean difference [WMD] —7.68 days, 95% CI -9.43
to —5.93) and total duration of ventilation (WMD —5.93 days, 95% CI —7.29 to —4.58), which
also shortened the lengths of stay in an intensive care unit (WMD —8.51 days, 95% CI —10.23
to —6.79), as well as length of stay in hospital (WMD —-8.47 days, 95% CI —8.61 to —7.33).
Conclusion: The results showed that the PIC window as a switching point for sequential ven-
tilation in treatment of respiratory failure in COPD patients may be beneficial. It might yield
not only relevant information for caregivers in China but also new insights for considering the
PIC window by physicians in other countries.

Keywords: mechanical ventilation, ventilator-associated pneumonia, weaning, acute exacerba-

tion, spontaneous breathing trial, intensive care unit

Introduction

COPD remains a major public health problem. It is the fourth leading cause of chronic
morbidity and mortality in the US and is projected to rank fifth in 2020 in disease
caused throughout the world.! In China, respiratory diseases (of which COPD is a
significant component) are the third leading cause of death in rural areas and the
fourth leading cause of death in urban areas, accounting for 1 million deaths and
over 5 million disabilities each year.> Approximately 80% of COPD exacerbates due
to pulmonary infection, as well as some severe respiratory failure often requiring
endotracheal intubation (ETI) and mechanical ventilation (MV).> ETI and MV can
help to drain sputum and reduce the respiratory workload, partially or even completely,
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so as to control bronchial pulmonary infection. Respiratory
muscle fatigue, hyperinflation, and malnutrition are com-
mon in COPD patients, which may require prolonged MV
Prolonged MV has been associated with the development
of complications, for example, upper airway pathology,
sinusitis, and ventilator-associated pneumonia (VAP). VAP
is associated with increased morbidity and mortality of VAP
in the intensive care unit (ICU), which would be ~30% or
higher.* Minimizing the duration of artificial airway place-
ment is an important goal of critical care.

Early withdrawal of invasive MV (IMV) followed by
noninvasive positive-pressure ventilation (NPPV) is a new
strategy for avoiding or reducing the duration of invasive
mechanical support for intubated patients with respiratory
failure. Choosing an appropriate time to transfer from IMV to
NPPV is the key for performing sequential MV successfully.
The invasive-noninvasive sequential ventilation defined as
early extubation is conducted before conventional criteria
for weaning and followed by NPPV. To neglect or delay the
switching point for sequential ventilation can certainly miss
the optimal opportunity.’> However, the appropriate switching
point has been controversial. So far, no generally accepted
boundary for a standard switch point has been defined.

In clinical practice, the pulmonary infection control (PIC)
window has been the switch point for transferring from IMV
to NPPV, so the time for early extubation can be more accu-
rately judged; improved therapy efficacy was achieved by
Wang et al. When the PIC window occurs, a patient’s condi-
tion will become stable and improved if ventilation support
is provided, especially for measures to resolve fatigue to the
respiratory muscles.’ Timely extubation followed by NPPV
with the appearance of the PIC window could manage the
problem of patient’s fatigue involving respiratory muscles
and ventilator insufficiency simultaneously, thereby avoiding
lower airway infection and VAP. In China, the PIC window
has been used as the switching point for sequential ventilation
in the treatment of COPD respiratory failure exacerbation
for many years, despite the lack of definitive evidence of
clinical benefit.

Moreover, the conclusions of these trials are inconsistent,
so that the safety of this intervention remains uncertain. In
order to comprehensively estimate the efficacy and safety
of this weaning strategy, a systematic review and meta-
analysis were conducted to summarize and analyze the
results of randomized controlled trials (RCTs), comparing
the PIC window weaning strategy versus the conventional
weaning strategy in the treatment of patient with respiratory
failure due to COPD. This meta-analysis suggests that the
PIC window as a switching point for sequential ventilation

could significantly reduce mortality, VAP, length of ICU and
hospital stay, and duration of MV compared to conventional
weaning strategy.

Methods

This systematic review was performed according to the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines.’

Criteria for the PIC window

The standard of the PIC window was determined by the
following items: 1) significantly decreased radiographic
infiltrations; 2) significantly reduced quantity of sputum,
thinning, and decreased density of sputum; 3) at least one
of these accompanying signs: body temperature decreased
to <37.5°C, leukocyte count <10x10°%/L or 2x10°/L less than
before; and 4) adjustment of ventilator settings to 10—12 times
per minute for synchronous intermittent mechanical ventila-
tion (SIMV) and 10-12 cmH,0O (1 cmH,0 =0.0198 kPa) for
pressure support ventilation (PSV).

Search strategy

This study aimed to identify all RCTs to assess the efficacy
of PIC in the treatment of patients with respiratory failure due
to COPD exacerbation. The electronic search strategy applied
standard filters for the identification of RCTs. The following
databases were searched: MEDLINE, EMBASE, Cochrane
databases, Chinese electronic databases (eg, Wan Fang Data-
base), CNKI (China National Knowledge Infrastructure) Data-
base, and Current Controlled Trials from its inception to
February 2016. The search included the following: pulmonary
infection control window; continuous positive airway pressure;
bilevel positive airway; non-invasive ventilation; COPD; lung
disease; pulmonary disease; airway obstruction; obstructive
pulmonary disease; emphysema; acute exacerbation; respi-
ratory failure linked with RCT OR controlled clinical trial,
in various combinations. There were no limits regarding
the language of publication. Cross-references from original
articles and reviews were checked, and sometimes authors
were contacted to obtain additional unpublished data. Similarly
a search of relevant trials from the clinical trial registry was
performed to identify the existence of unpublished data. Trials
published solely in abstract form were excluded.

Selection of studies

The specific inclusion criteria were as follows: 1) COPD
exacerbation due to pulmonary infection; 2) receiving IMV
due to respiratory failure; 3) the PIC window appearing after
antibiotic use, IMV, and comprehensive therapy; 4) RCTs
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comparing the PIC window as a weaning strategy (extuba-
tion and NPPV via face or nasal mask, immediately upon
appearance of the PIC window) versus the conventional
weaning strategy (IMV was received continuously after the
PIC window by using the conventional weaning technique);
and 5) primary outcomes: mortality during hospital admis-
sion, VAP; secondary outcome measures: length of ICU stay,
length of hospital stay, duration of MV, and adverse events
associated with weaning.

Data collection and quality assessment
Initial selection was performed by distributing references
among pairs of independent reviews. Titles and abstracts
were independently reviewed by two reviewers (YYL and
QCL) to identify their potential relevance for further assess-
ment. Data from all the studies included in this analysis
were obtained during the end of extension phases of the
trial. Any disagreement appeared during the process was
resolved through discussion and team consensus. In the case
of unpublished reports or multiple published data, the most
recent versions were extracted. After obtaining the full text,
the authors independently assessed all the studies for inclu-
sion based on the predefined criteria. If studies had partly
overlapped subjects, the one with a larger sample size was
selected. The quality of each trial was evaluated by using the
Cochrane five-risk of bias domains tool.°

Data analysis

For dichotomous outcomes, risk ratios (RRs) with 95%
CI were calculated. For continuous outcomes, a weighted
mean difference (WMD) and 95% CI were calculated. 7°
values of =50% indicated a substantial level of heteroge-
neity.” When found, a sensitivity analysis was performed to
determine the source of heterogeneity. Subgroup analyses
were conducted, and the meta-analysis was reanalyzed,
including risk of bias (low vs high), sample size (=40 vs
>40), disease severity (moderate vs severe respiratory
failure), and experimental strategy (face mask vs face/nasal
mask). Publication bias was carried out by the funnel plot
and assessed by Egger’s test.® All the analyses were per-
formed with Review Manager (Version 5.1, The Cochrane
Collaboration, Copenhagen, Denmark) and Stata (Version
12.0; Stata Corporation, College Station, TX, USA). A P-value
of <0.05 was considered to be statistically significant.

Results

Study selection
The electronic database search identified 454 citations. Of
these, the first screening excluded 403 citations based on

abstracts or titles, leaving 51 articles for full-text review.
In these articles, 29 studies were excluded due to lack of rela-
tive outcomes and nonrandomized controls. After a detailed
review, 6 studies were excluded: 2 for duplicated publications
and 4 for did not evaluating NPPV in COPD patients. Thus,
16 trials were included in the meta-analysis,** > with detailed
steps of the study selection process shown in Figure 1.

Study description

The level of PSV, the respiratory rate of SIMV, and tidal
volume needed adjustment according to the patient’s dura-
bility, ventilation, and blood gas analysis in all trials. Dur-
ing MV, comprehensive therapy was performed: including
administration of antibiotics, dissolution of sputum, drain-
age of airway secretion, dilatation of bronchi, recovery of
electrolyte disturbance, and nutrient support. Once the PIC
window had appeared, each patient was randomly assigned
to the noninvasive ventilation (NIV) group or the control
group. All the trials compared NPPV with conventional MV
therapy using full face masks. However, nasal masks were
also used in 5 trials."*!'*?**2 The continuous positive airway
pressure in these trials ranged from 3.5 to 12.0 cmH,O. The
inspiratory positive airway pressure ranged from 14.5 to
20 cmH, 0, and expiratory positive airway pressure was set
at 5 cmH,O in most trials. The main study characteristics
are summarized in Table 1. In general, the methodological
quality was acceptable. All the trial reports described the use

Citations identified using search terms
(n=454)

Identification

Excluded: abstract,

reviews, pool analysis (n=403)

v

Atrticles retrieved for full-text review
(n=51)

Screening

Excluded (n=29)
—»  No relative outcome (n=22)
Nonrandomized controlled (n=7)

v
Potentially relevant articles included
(n=22)

Eligibility

Excluded (n=6)
—»  Overlapped subjects (n=2)
Participants without COPD (n=4)

v
Atrticles included in meta-analysis
(n=16)

Included

Figure | Flow diagram showing the selection process of material from identification
to inclusion.
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Table | Characteristics of included studies

Source Sample Agef Inclusion criteria Intubation Experimental
size (years) criteria strategy

Chen et al’ 37 NA AECOPD with pulmonary Yes Bilevel NPPV delivered
infection, respiratory failure by face mask

Chen'? 30 65 AECOPD with respiratory failure, Yes Bilevel NPPV delivered
pulmonary infection by face mask

iang an with severe respirator: es ileve elivere:

iang and 46 60 AECOPD with pi y Y Bilevel NPPV delivered

Jiang'! failure, pulmonary infection by face mask

Li and Zhou'? 40 NA AECOPD with bronchopulmonary Yes Bilevel NPPV delivered
infection, respiratory failure by face mask

Lietal' 41 69 AECOPD with severe respiratory Yes Bilevel NPPV delivered
failure, pulmonary infection by face or nasal mask

Lin et al" 32 61.5 AECOPD with severe respiratory Yes Bilevel NPPV delivered
failure, pulmonary infection by face or nasal mask

Lun et al'® 36 71 AECOPD with bronchopulmonary Yes Bilevel NPPV delivered
infection, respiratory failure by face mask

Ning et al'® 28 62.4 AECOPD with respiratory failure, Yes Bilevel NPPV delivered
pulmonary infection by face mask

Wang et al"’ I 64.8 AECOPD with bronchopulmonary Yes Bilevel NPPV delivered
infection, respiratory failure by face mask

Wang? 90 67.6 AECOPD with severe respiratory Yes Bilevel NPPV delivered
failure, pulmonary infection by face mask

Wu et al'® 28 NA AECOPD with respiratory failure, Yes Bilevel NPPV delivered
pulmonary infection by face mask

Zhang et al'® 30 66.9 AECOPD with severe respiratory Yes Bilevel NPPV delivered
failure, pulmonary infection by face mask

Zhang and 48 73 AECOPD with severe respiratory Yes Bilevel NPPV delivered

Zhao® failure, pulmonary infection by face mask

Zhao and Li?' 40 70 AECOPD with severe pulmonary Yes Bilevel NPPV delivered
infection, respiratory failure by face or nasal mask

Zheng et al? 33 73 AECOPD with severe pulmonary Yes Bilevel NPPV delivered
infection, respiratory failure by face or nasal mask

Zou et al? 76 71.5 AECOPD with severe respiratory Yes Bilevel NPPV delivered

failure, pulmonary infection

by face or nasal mask

Note: ‘Data are shown as mean.

Abbreviations: NA, not available; AECOPD, acute exacerbation of chronic obstructive pulmonary disease; NPPV, noninvasive positive pressure ventilation.

of appropriate randomization methods, mainly computer-
generated randomization lists (Figure S1).

Primary outcomes

Mortality during hospital admission

Fourteen studies evaluated whether the PIC window is a
weaning strategy for reduced mortality.»!*2* The meta-
analysis associated it with significantly decreased mortality
(RR0.36,95% C10.23t0 0.57, P<<0.00001; ”=0%, P=0.989)
(Figure 2).

VAP

The proportion of participants developing VAP was reported
in 16 trials involving 647 participants.>*->* The pooled esti-
mate demonstrated a beneficial effect of the PIC window as
a weaning strategy in reducing VAP (RR 0.28, 95% CI10.19
to 0.41, P<0.00001; P=0%, P=0.966) (Figure 3).

Secondary outcomes

Duration of MV

Fifteen studies assessed mean duration of IMV.**2* Pooled
data using a random-effects model found strong evidence for
the PIC window as a weaning strategy when compared to
the conventional weaning strategy (WMD —7.68 days; 95%
CI -9.43 to —5.93 days, P<<0.00001; ’=98.1%, P=0.000)
(Figure 4). Twelve trials with 521 participants reported the
total time of MV 2111323 The summary estimate found a
significant decrease in the total time of MV (WMD -5.93
days; 95% CI -7.29 to —4.58 days, P=0.000; > =98.3%,
P=0.000) (Figure 4).

Length of ICU stay and hospital stay

Ten trials involving 429 participants evaluated ICU length of
stay. 310141723 The PIC window provided a significant benefit
toward shortening it (WMD —8.51 days, 95% CI —10.23

1258 submit your manuscript
Dove

International Journal of COPD 2017:12


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

The PIC window for sequential invasive—noninvasive ventilator weaning

Study ID RR (95% CI) Weight %
Chen™ —:-u-—— 0.42 (0.13 to 1.30) 12.83
Jiang and Jiang" & E 0.10 (0.01 to 1.69) 8.60
Li and Zhou? i 0.37 (0.04 to 3.24) 4.39
Lietal E - 0.50 (0.05 to 5.12) 3.07
Lin et al™ .E 0.29 (0.04 to 2.39) 5.63
Lun et al®® —i—o—— 0.55 (0.11 to 2.69) 5.84
Ning et al'® : 0.19 (0.01 to 3.46) 4.55
Wang et al"? — 0.54 (0.06 to 5.24) 2.94
Wang? + i 0.15 (0.02 to 1.16) 10.51
Wu et al'® —Of—— 0.32 (0.08 to 1.29) 11.32
Zhang et al'® :‘ 0.38 (0.04 to 3.25) 4.33
Zhang and Zhao et al?® —E—‘—— 0.54 (0.11 t0 2.70) 5.90
Zheng et al®? —i—v— 0.95 (0.22 to 4.14) 4.72
Zou et al® —_— 0.33 (0.10 to 1.09) 15.36
Overall (12=0.0%, P=0.989) <§> 0.36 (0.23 to 0.57) 100
i RR 0.36, 95% CI 0.23 to 0.57, P<0.00001
0.06607 1 16|35
Figure 2 The effect of PIC window on mortality during hospital admission.
Abbreviations: PIC, pulmonary infection control; RR, risk ratio; Cl, confidence interval.
Study ID RR (95% CI) Weight %
Chen et al® —i—o—— 0.55 (0.15 to 1.92) 5.00
Chen'® —i-'t—— 0.34 (0.08 to 1.40) 5.92
Jiang and Jiang™" — 0.19 (0.03 to 1.40) 5.26
Li and Zhou'? + E 0.17 (0.02 to 1.23) 5.97
Li et al' 4 : 0.16 (0.02 to 1.18) 6.13
Lin et al* - 0.12 (0.01 to 1.98) 417
Lun et al's —t 0.17 (0.02 to 1.25) 5.88
Ning et al'® e 0.12 (0.01 to 1.98) 4.40
Wang et al"” < i 0.12 (0.01 to 1.86) 4.53
Wang? —+— 0.28 (0.08 to 0.92) 9.95
Wu et al™® _ 0.34 (0.08 to 1.41) 5.86
Zhang et al'® % : 0.10 (0.01 to 1.56) 5.36
Zhang and Zhou® —_— 0.26 (0.06 to 1.09) 7.54
Zhao and Li?' —iﬂo— 0.35 (0.11 to 1.09) 8.74
Zheng et al?? . 0.28 (0.03 to 2.26) 3.30
Zou et al® -i—o-—— 0.55 (0.25to 1.23) 11.99
Overall (1=0.0%, P=0.966) <1> 0.28 (0.19 t0 0.41) 100
i RR 0.28, 95% CI1 0.19 to 0.41, P<0.00001
0.0(;588 1 1;0

Figure 3 The effect of PIC window on VAP.
Abbreviations: PIC, pulmonary infection control; VAP, ventilator-associated pneumonia; RR, risk ratio; Cl, confidence interval.
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Study ID WMD (95% Cl) Weight %

T
Time of IMV '
Chen et al® 1 (. —2.60 (—2.90 to —2.30) 4.37
Chen'® —=- —8.00 (-10.15 to —5.85) 3.95
Jiang and Jiang™" -y —7.12 (-7.64 to —6.60) 4.36
Li and Zhou'? —_ —5.60 (-7.76 to —3.44) 3.94
Li et al' — —6.20 (-8.48 to —3.92) 3.90
Lin et al™ — -5.40 (-8.91 to —1.89) 3.39
Lun et al® - —6.94 (-7.51 t0 —6.37) 4.35
Ning et al'e — —7.80 (—12.86 to —2.74) 2.72
Wang et al? - : -15.90 (—24.35 to —7.45) 1.62
Wang? —— —4.90 (-7.14 to -2.66) 3.91
Wu et al'® — —-8.00 (-10.22 to -5.78) 3.92
Zhang'® - ' —11.00 (-11.77 to —10.23) 4.32
Zhang and Zhao® - —7.26 (-7.78 to —6.74) 4.36
Zheng et al?? —_—— -8.40 (-10.65 to —6.15) 3.91
Zou et al?? —— ! -16.00 (—19.08 to —12.92) 3.57
Subtotal (1?=98.1%, P=0.000) <= ~7.68 (9.43 to —5.93) 56.59
Total time of MV i
Chen et al® N * 1.01 (0.65 to 1.37) 4.37
Jiang et al" 1. —4.35 (—4.73 10 -3.97) 4.37
Li etal o 1.10 (=1.95 to 4.15) 3.59
Lin et al™ 1 — 1.60 (-3.20 to 6.40) 2.82
Lun et al'® |- -4.00 (—4.58 to —3.42) 4.35
Wang et al'? — -10.00 (-19.25 to —0.75) 1.44
Wang et al® ! T 2.00 (-0.86 to 4.86) 3.67
Wu et al'® -~ —6.20 (-7.17 to -5.23) 4.29
Zhang et al'® - —4.67 (-5.22t0 —4.12) 4.35
Zhang et al?° _—— -9.00 (-13.90 to —4.10) 2.78
Zheng et al?? L —4.40 (-6.68 to —2.12) 3.90
Zou et al® —_— -11.00 (-14.28 to -7.72) 3.49
Subtotal (/?=98.3%, P=0.000) - -3.63 (-5.60 to —1.66) 43.41

]
Overall (1?=98.5%, P=0.000) <> -5.93 (-7.29 to —4.58) 100

]

T * T
-24.3 0 24.3

Figure 4 The effect of PIC window on duration of MV.
Note: Weights are from random effects analysis.

Abbreviations: PIC, pulmonary infection control; MV, mechanical ventilation; WMD, weighted mean difference; CI, confidence interval; IMV, intermittent mandatory

ventilation.

to —6.79 days, P=0.000; ’=74.8%, P=0.000). Ten studies
with 442 participants reported on the length of hospital
stay 3912.14-16.182023 pooled data demonstrated a reduction in
hospital stay, favoring the PIC window as a weaning strategy
(WMD —8.47 days; 95%CI -9.61 to —7.33 days, P<<0.0001;
P=76.9%, P=0.000) (Figure 5).

Adverse events associated with weaning

The rate of reintubation was reported separately from
the proportion of weaning failures in 11 trials with 478
participants.>*131723 The pooled estimate supported a
significant reduction in reintubation rate with noninvasive
weaning (RR 0.41, 95% CI1 0.27 to 0.63, P<<0.0001; /’=0%,
P=0.96) (Figure 6).

Sensitivity analysis

There was substantial heterogeneity in the continuous
outcomes (duration of endotracheal mechanical intubation,
total duration of MV, and length of ICU and hospital stay).
Sensitivity analysis was performed to determine the source

of heterogeneity (Figure S2). It was found that the study by
Wang et al is a partial source of heterogeneity,’ mainly due
to a larger sample size (n=90) versus other studies. However,
omitting this study did not significantly alter the pooled
WMD values.

Subgroup analysis

To exclude the effect of confounding factors, such as risk of
bias and disease severity, subgroup analysis was introduced.
Subgroup analyses are summarized in Table S1, which found
that the conclusions remained robust for methodological
changes, demonstrating that data of the present study are
reliable.

Publication bias

Publication bias was detected by Begg’s and Egger’s tests.
Funnel plot of the studies evaluated primary outcomes (mor-
tality and VAP), which appeared to be symmetrical through
visual examination. The data suggested that there was no
evidence of publication bias (P>0.05) (Figure S3).
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Study ID WMD (95% Cl) Weight %
Length of ICU stay .
Chen'® —— -10.00 (-13.39t0 -6.61)  5.16
Lin et al™ — -5.50 (=10.51 to —0.49) 3.35
Wang et al"” — —13.00 (-22.25t0 -3.75)  1.31
Wang? —— —4.00 (-8.01 t0 0.01) 437
Wu et al'® —_—— —10.00 (-13.05 to —6.95) 5.65
Zhang et al*® * —9.00 (-9.27 to -8.73) 9.46
Zhang and Zhao® = —5.36 (—7.59 to -3.13) 6.97
Zhao and Li?' ——— —12.00 (-17.49 to —6.51) 2.96
Zheng et al? e —6.00 (—8.52 to —3.48) 6.49
Zou et al® —_ -14.00 (-17.15t0 -10.85) 5.51
Subtotal (/?=74.8%, P=0.000) <> -8.51 (~10.23 to —6.79) 51.23

1

1
Length of hospital stay !
Chen et al® —— —7.00 (-9.93 to —4.07) 5.84
Li and Zhou'? —— —-9.60 (—11.81 to —7.39) 7.00
Lin et al™ - * —2.00 (—15.05 to 11.05) 0.71
Lun et al's |- —-6.31 (-6.91 to —5.71) 9.27
Ning et al'® —_— -7.80 (-13.83 to —1.77) 2.59
Wang?® | —2.00 (-7.32t0 3.32) 3.10
Zhang et al*® = -10.10 (-12.27 t0 -7.93)  7.06
Zhao and Li# — —13.00 (-18.70 to —7.30) 2.81
Zheng et al®? —_— —8.00 (-10.83 to -5.17) 5.98
Zou et al® —_— —14.00 (-17.97 to -10.03) 4.41
Subtotal (I’=76.9%, P=0.000) <> -8.46 (-10.35t0 —6.58)  48.77

1
Overall (/>=84.0%, P=0.000) <> —8.47 (-9.61 to -7.33) 100

[}

;

T T
-22.2 0 22.2

Figure 5 The effect of PIC window on length of ICU stay and hospital stay.
Note: Weights are from random effects analysis.

Abbreviations: PIC, pulmonary infection control; ICU, intensive care unit; WMD, weighted mean difference; Cl, confidence interval; ICU, intensive care unit.

Overall (/=0.0%, P=0.960)

RR 0.41, 95% CI 0.27 to 0.63, P<0.0001

Study ID : RR (95% CI) Weight %
Chen et al® —i—-——— 0.55 (0.15 to 1.92) 8.49
Chen' E 0.16 (0.02 to 1.11) 11.55
Jiang and Jiang™" E 1.00 (0.07 to 14.85) 1.48
Li and Zhou™ —;—o—— 0.65 (0.18 to 2.43) 7.09
Lietal®™ % E 0.18 (0.02 to 1.32) 9.30
Wang et al'” :’! 0.39 (0.05 to 3.27) 4.10
Wang? —.E-q——— 0.50 (0.16 to 1.56) 11.84
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Discussion

This study identified 16 trials comparing the PIC window as
a switch point for NPPV versus the conventional weaning
strategy in patient treatment with respiratory failure due to
COPD exacerbations. The PIC window weaning strategy
showed significant improvement in mortality, VAP, length
of ICU and hospital stay, and duration of MV compared to
conventional weaning strategy. Together, the present data
suggested that the PIC window might be a new tool for
screening patients potentially ready to be extubated and
immediately placed under NPPV.

Choosing an appropriate time to transfer from invasive
ventilation (IV) to NIV is crucial in performing sequential
MV successfully.?** The clinician’s concern is optimum tim-
ing regarding the condition of the patient to wean from MV.
Unfortunately, there is no consensus or relevant guidelines
that yield a distinct conclusion. The PIC window has been
defined as a prompt stage of controlled pulmonary infection
following artificial airway establishment, sputum drainage,
and antibiotic administration.! Wang et al proposed this
stage as the optimum timing to replace IV with NIV, so that
ventilatory insufficiency and respiratory muscle fatigue might
resolve, while lower airway infection and VAP were avoided.
However, the PIC window for transitioning patients from MV
to NIV for weaning has not been clearly established. Accord-
ing to this meta-analysis, it has been showed that the PIC
window as a switching point for sequential ventilation may
be beneficial for respiratory failure in COPD patients due to
pulmonary infection. This may result in helpful information
for clinicians to identify optimum timing for withdrawal.

The standard test for extubation readiness is the spontane-
ous breathing trial (SBT), performed by using the T-tube by
disconnecting the patient from the ventilator and providing

additional oxygen.?

Cabello et al compared 3 trial modalities
before extubation in difficult-to-wean patients. They found
that the patient effort was higher during a T-tube trial than
during a pressure support trial.>” The number of patients who
were extubated after 48 hours was similar when the wean-
ing trial was performed with the T-tube or pressure support
trial.”® Two studies have demonstrated that some patients
who failed a T-tube trial could immediately succeed with a
pressure support trial.”?* SBT is usually granted to patients
who pass the weaning assessment. Despite its benefits among
COPD patients, NIV should not be indicated for all patients
failing SBT; they may be exposed to extubation failure due to
substantial comorbidities.® The main difference between the
PIC widow weaning strategy and the SBT weaning strategy

is optimal switching time to NPPV for further weaning in
patients with COPD undergoing IPPV. The appearance of
the PIC window indicates that pulmonary infections are
under control. At this stage, drainage of airway secretions
is minor, and the endotracheal tube may not be absolutely
necessary, although respiratory muscle fatigue becomes
relatively more significant in the development of respira-
tory failure. Thus, NPPV was continued to relieve fatigue of
the respiratory muscle as well as ventilatory insufficiency.
A recent study showed that in COPD patients with respiratory
failure, weaning by SBT (assisted with NPPV) is suggested
under insignificant pulmonary infection, while replacement
by NPPV at the PIC window is encouraged for significant
pulmonary infection.*® Thus, this window may serve as an
alternative weaning tool in COPD patients with pulmonary
infection. However, a comparison of data obtained from
the application of NPPV at the PIC window or at SBT after
meeting simple weaning criteria is still missing.3'> Addi-
tional well-designed, adequately powered RCTs are needed
to compare the efficacy of the PIC window weaning strategy
with the SBT weaning strategy in treatment of COPD patients
with respiratory failure.

Limitations

Several limitations of this study should be taken into account.
First, due to substantial heterogeneity among studies report-
ing continuous outcomes (time of IMV, total time of MV,
and length of ICU and hospital stay), caution must be used
while interpreting these results. Second, in China, ~80% of
COPD patients with exacerbations are due to pulmonary
infection.® This may be the main reason for the PIC win-
dow being used primarily. However, one should note that
bronchial pulmonary infection accounted for 50%—70% of
acute exacerbation of COPD occurrences worldwide.? Thus,
it may provide new insights for physicians considering the
PIC window weaning strategy in other countries.

Conclusion

In summary, these data suggested that the PIC window reduced
the need for intubation and mortality without increasing the
risk of weaning failure in treatment of respiratory failure in
COPD patients. It might not only yield relevant information
for caregivers in China but also new insights for considering
the PIC window by physicians in other countries.
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Notes: The primary outcomes mortality (A and B) and ventilator-associated pneumonia (C and D) were detected by Begg’s and Egger’s tests.
Abbreviations: SE, standard error; OR, odds ratio.
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AC, assisted/controlled ventilation; SIMV, synchronized intermittent mandatory ventilation; PS, pressure support.
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