Eur Respir J 2007; 30: 293-306
DOI: 10.1183/09031936.00145106
Copyright©ERS Journals Ltd 2007

Systematic review of noninvasive positive
pressure ventilation in severe stable COPD

M.A. Kolodziej*, L. Jensen”, B. Rowe" and D. Sin*

ABSTRACT: The present systematic review examined the effectiveness of bilevel noninvasive
positive pressure ventilation (NIPPV) in the management of chronic respiratory failure (CRF) due
to severe stable chronic obstructive pulmonary disease (COPD).

Randomised controlled trials (RCTs) and non-RCTs (crossover design) of adults with severe
stable COPD and CRF receiving bilevel NIPPV via nasal, oronasal or total face mask were
identified from electronic databases and manual screening of journals and reference lists.

Respiratory function (gas exchange, lung function, ventilatory/breathing pattern, respiratory
muscle function and work of breathing) and health-related outcomes (dyspnoea, functional
status, exercise tolerance, health-related quality of life (HRQOL), morbidity and mortality) were

assessed.

In total, 15 studies met the inclusion criteria: six RCTs and nine non-RCTs. RCTs did not find
improved gas exchange with bilevel NIPPV, while non-RCTs did. Lung hyperinflation and
diaphragmatic work of breathing were reduced in a nonrandomised subset. HRQOL and
dyspnoea, the least studied outcomes, showed improvement with bilevel NIPPV.

In a subset of individuals on maximal medical treatment regimes for severe stable chronic
obstructive pulmonary disease, bilevel noninvasive positive pressure ventilation may have an
adjunctive role in the management of chronic respiratory failure through attenuation of
compromised respiratory function and improvement in health-related outcomes.

KEYWORDS: Chronic obstructive pulmonary disease, chronic respiratory failure, noninvasive

positive pressure ventilation, systematic review

c hronic respiratory failure (CRF) due to
chronic obstructive pulmonary disease
(COPD) contributes a significant social
and economic burden to individuals, families and
the healthcare system. The incidence of COPD, in
terms of its combined mortality and disability,
was the 12th highest for diseases worldwide in
1990 and is expected to become the fifth highest
by 2020, with mortality expected to increase five-
fold by 2015 [1-3]. The rate of progression, the
extent of airflow obstruction and airway hyper-
reactivity, and the impairment in alveolar venti-
lation and gas exchange contribute to the
heterogeneity of COPD and the extent of chronic
bronchitic versus emphysematous change that
occurs. Reduced alveolar ventilation in CRF due
to COPD results in nocturnal and daytime gas
exchange abnormalities, sleep-disordered breath-
ing, dyspnoea and increased work of breathing,
which in turn lead to significant functional
impairment, morbidity and mortality [4]. The
eventual development of CRF is characterised by
varying degrees of ventilation—perfusion mis-
match, hypoxia and hypercapnia [5]. Reduced
respiratory reserve associated with ongoing
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morbidity renders COPD patients at risk of acute
respiratory decompensation [6, 7]. Symptom
management and prevention of respiratory
decompensation are important in reducing mor-
bidity and mortality associated with COPD.

The use of bilevel noninvasive positive pressure
ventilation (NIPPV) in acute respiratory failure
due to COPD exacerbation has been shown to
reduce the need for intubation and mechanical
ventilation, the length of hospital stay and
mortality [4, 8-10]. However, evidence to support
the use of bilevel NIPPV in CRF in the setting of
severe stable COPD has been inconsistent [11-13],
and is primarily based on gas exchange and
lung function rather than health-related out-
comes such as dyspnoea, symptom relief,
functional status, frequency of exacerbations
and health-related quality of life (HRQOL).
Furthermore, existing systematic reviews on
the management of CRF due to severe stable
COPD are not specific to bilevel NIPPV [14, 15].

The present systematic review was undertaken to
critically appraise and summarise studies exam-
ining bilevel NIPPV in the management of CRF in
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BILEVEL NIPPV IN COPD

Potentially relevant studies identified
and screened for retrieval (n=380)

Studies excluded
(not bilevel NIPPV, non-English; n=203)

Studies retrieved for more detailed
evaluation (n=177)

Studies excluded
(acute respiratory failure or respiratory
failure due to restrictive or other lung
disease; n=145)

A

A
Potentially appropriate studies

to be included in the meta-analysis
(n=32)

Studies excluded from meta-analysis
(non-RCT and noncrossover
observational studies; n=7)

A

Studies included in the meta-analysis
(n=15; 6 RCTs and 9 non-RCT
crossover studies)

4>| Studies withdrawn by outcome (n=0)
A

Studies with usable information by
outcome (n=15)

FIGURE 1. Flow diagram of included/excluded studies. NIPPV: noninvasive
positive pressure ventilation; RCT: randomised controlled trial.

severe stable COPD. The effectiveness of bilevel NIPPV in

slowing the progression of worsening gas exchange and
managing distressing symptoms (e.g. dyspnoea, work of

TABLE 1
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breathing and exercise tolerance) was assessed. The nature
and extent of bilevel NIPPV that rendered disease-related
morbidity more manageable was also examined. Finally,
whether there is a difference in the nature and extent of the
response to bilevel NIPPV use in different subsets of COPD
patients with CRF was explored.

METHODS

Studies included

Randomised controlled trials (RCTs) and non-RCTs (within-
subject crossover design) involving COPD patients who
received bilevel NIPPV via nasal, oronasal and/or total face
mask interfaces to manage symptoms associated with worsen-
ing CRF with post-intervention follow-up of less than, as well
as greater than, 3 months, were included.

Study participants

Patients included were adults (>18 yrs old) with CRF due to
COPD (chronic bronchitis and emphysema). Studies with
patients who were predominantly asthmatic and/or had
reversibility of airflow obstruction, according to pulmonary
function, were excluded. CRF was defined by the physiological
changes compatible with underlying COPD, arterial blood
gases, declining lung function, symptoms of chronic hypo-
ventilation, increased work of breathing, dyspnoea and
reduced exercise tolerance.

Study outcome measures

The primary outcome was respiratory function as assessed by:
1) gas exchange (arterial blood gases, arterial oxygen satura-
tion and transcutaneous carbon dioxide tension (Ptc,CO,));
2) lung function (forced expiratory volume in one second
(FEV1)); 3) ventilatory/breathing pattern (minute ventilation
(V'E), tidal volume (VT) and VT/inspiratory time (tI) ratio); and

Bilevel noninvasive positive pressure ventilation in chronic obstructive pulmonary disease: study characteristics

First author [Ref.] Study design Length Enrolled Randomised Completed Concealed randomisation
RCTs

Diaz [19] BS, BA 3 weeks 56 36 36 Yes

Gay [21] BS, BA 3 months 85 13 10 Yes

RENSTON [22] BS, BA <1 week 17 17 17 Yes

CasaNOvA [11] BS, RM Tyr 80 52 44 Yes

CLINI [28] BS, RM 2yrs 122 86 47 No

GARROD [24] BS, RM 8 weeks 45 45 37 Yes
Non-RCTs

AMBROSINO [25] CSVR, WS, RM <1 week 7 7 7

HigHcock [18] CSVR, WS, RM <1 week 8 8 8

KRACHMAN [20] CSVR, WS, BA <1 week 6 6 6

LIEN [26] CSVR, WS, RM <1 week 11 11 11

LiN [27] CSVR, WS, RM 6 weeks 17 12 10

MARANGONI [28] CSVR, WS, RM <1 week 14 14 14

MEECHAM JONES [29] CSVR, WS, BA 3 months 18 18 14

NAvA [17] CSVR, WS, RM <1 week 7 7 6

STRUMPF [30] CSVR, WS, RM 6 months 23 19 7

Data are presented as n. All randomised controlled trials (RCTs) were single blind. All non-RCTs included random order assignment and statistical control of confounders.
BS: between subjects; BA: before/after; RM: repeated measures; CSVR: crossover; WS: within subjects.
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BILEVEL NIPPV IN COPD

1-\:{B5 8 Combined analysis for arterial oxygen tension in chronic obstructive pulmonary disease randomised controlled trials

(RCTs)

First author [Ref.] Bilevel NIPPV Control Weight % WMD (random) 95% CI
n Mean + sp n Mean +sp

CAsANOVA [11] 20 56.30+8.20 24 57.30+6.50 24.80 -1.00 (-5.44-3.44)
Cuini [23] 23 69.00+8.25 24 65.00+6.00 27.69 4.00 (-0.14-8.14)
Diaz [19] 18 53.77+7.95 18 50.47 +6.00 23.37 3.30 (-1.30-7.90)
GARROD [24] 17 66.10+8.55 20 66.80+9.38 15.86 -0.70 (-6.48-5.08)
GAy [21] 4 70.50+4.70 6 60.30+14.40 3.81 10.20 (-2.21-22.61)
RENSTON [22] 9 66.00+15.00 8 67.00+8.48 4.47 -1.00 (-12.43-10.43)
Total 91 100 100 1.86 (-0.60-4.32)

NIPPV: noninvasive positive pressure ventilation; WMD: weighted mean difference; Cl: confidence interval. Comparison: RCT trials of bilevel NIPPV versus all modalities
(long-term oxygen therapy, sham ventilation, exercise). Outcome: arterial oxygen tension cmH,O. Test for heterogeneity: Chi squared=5.73, df=5 (p=0.33), 1?>=12.7%.

Test for overall effect: Z=1.49 (p=0.14).

4) respiratory muscle function/work of breathing (maximal
inspiratory mouth pressure (MIP), maximal expiratory mouth
pressure (MEP), diaphragmatic electromyogram (EMGdi),
electromyogram of sternocleidomastoid muscle (EMGst),
dynamic intrinsic  positive  end-expiratory = pressure
(PEEP,dyn), diaphragmatic pressure (Pdi), maximal inspiratory
pressure (PImax) and maximal expiratory pressure (PEmax)).

Health-related outcomes, or secondary outcomes, included:
1) symptom relief (dyspnoea); 2) functional status (bilevel
positive airway pressure (BiPAP) Functional Impairment Scale,
London Chest Activity of Daily Living Scale, modified Medical
Research Council Dyspnoea Scale (MRCD) and Oxygen Cost
Diagram); 3) exercise tolerance (6-min walk test (6MWT) and
shuttle walking test (SWT)); 4) HRQOL (Chronic Respiratory
Disease  Questionnaire (CRDQ), Maugeri Foundation
Respiratory Failure Questionnaire (MRF-28), Short-Form

CASANOVA [11] L

CLINI [23] n

DIAZ [19] =

GARROD [24] 8

GAY [21] >

RENSTON [22]

Total ’

A
|
A\

T
-10 -5 0 5 10
Favours control Favours bilevel
WMD (random) 95% CI

FIGURE 2. Combined analysis for arterial oxygen tension in chronic
obstructive pulmonary disease randomised controlled trials (RCTs). Comparison:
RCT trials of bilevel noninvasive positive pressure ventilation versus all modalities
(long-term oxygen therapy, sham ventilation, exercise). Outcome: arterial oxygen
tension cmH,0. WMD: weighted mean difference; Cl: confidence interval.

EUROPEAN RESPIRATORY JOURNAL

Questionnaire (SF-36) and St George’s Respiratory Question-
naire (SGRQ)); 5) morbidity (hospital admissions, intensive
care unit (ICU) admissions and hospital length of stay);
6) mortality (survival estimates); and 7) comfort/compliance.

Search and selection of studies

Search terms employed were “bilevel”, “bilevel airway
pressure OR bilevel CPAP OR biphasic positive airway
pressure”, as well as “nasal ventilation OR positive pressure
ventilation OR NIPPV”. Electronic databases searched
included MEDLINE, preMEDLINE, EMBASE, CINAHL,
Conference Papers Index, Online Computer Library Centre,
Inc., Papers First (Conference Papers), Cochrane Library
(including Cochrane Database of Systematic Reviews, DARE
and Cochrane Controlled Trials), American College of
Physicians Journal Club, PubMed, Biological Abstracts, and
Dissertation Abstracts for the years 2001-2003. The following
journals were hand searched for the years 2001-2003: American
Journal of Respiratory and Critical Care Medicine, Chest, European
Respiratory Journal, Lung, The New England Journal of Medicine
and Thorax. Reference lists of all articles identified for inclusion
were manually screened to identify any additional studies.
Only studies reported in English were included. Titles and
abstracts (when available) of all published reports identified
through the electronic search were scanned independently by
two reviewers. Full reports were then obtained and assessed
independently by the two reviewers to establish whether
studies met the inclusion criteria. Disagreements were resolved
by consensus.

Quality assessment of studies

Quality assessment of all included studies was undertaken
independently by the two reviewers. The quality criteria
examined for followed the RCT and non-RCT validity tools
developed by ESTABROOKS ef al. [16], which included design
allocation, recruitment, inclusion and exclusion criteria,
follow-up, control of confounders, description of intervention,
data collection, outcome measurement and statistical analysis.
The methodological quality of studies was then estimated as
low, medium or high.
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1):\:1E <8 Combined analysis for arterial carbon dioxide tension in chronic obstructive pulmonary disease randomised controlled

trials (RCTs)

First author [Ref.] Bilevel NIPPV Control Weight % WMD (random) 95% CI
n Mean + s n Mean + s

CasaANovA [11] 20 51.10+£8.80 24 52.30£6.10 18.77 -1.20 (-5.76-3.36)
Cuini [23] 23 54.00+5.62 24 59.00+4.87 22.05 -5.00 (-8.01--1.99)
Diaz [19] 18 48.37+£3.97 18 54.37+£6.00 21.42 -6.00 (-9.32- -2.68)
GARROD [24] 17 43.30+6.68 20 44.20+9.07 17.64 -0.90 (-5.99-4.19)
Gay [21] 4 57.50+14.40 6 50.20+4.30 5.50 7.30 (-7.23-21.83)
REeNsTON [22] 9 52.00+9.00 8 44.00+4.24 14.62 8.00 (1.43-14.57)
Total 91 100 100 -1.20 (-5.05-2.65)

NIPPV: noninvasive positive pressure ventilation; WMD: weighted mean difference; CI confidence interval. Comparison: RCT trials of bilevel NIPPV versus all modalities
(long-term oxygen therapy, sham ventilation, exercise). Outcome: arterial carbon dioxide tension cmH,0O. Test for heterogeneity: Chi squared=18.76, df=5 (p=0.002),

[=73.3%. Test for overall effect: Z=0.61 (p=0.54).

Data analysis

Data were analysed first by assessing for heterogeneity in
study quality, patients, interventions, and measurement of
outcomes to determine the appropriateness of pooling data. A
random effects model was used, with p<0.05 considered
statistically significant. For meta-analysis of RCTs, weighted
mean differences (WMD) and 95% confidence intervals (CI)
were calculated for the following comparisons: 1) RCTs of
bilevel NIPPV intervention versus all modalities (long-term
oxygen therapy (LTOT), sham ventilation and exercise); and
2) RCTs of bilevel NIPPV intervention versus all modalities by
length of trial, with subgroup analysis for trials <8 weeks or
>8 weeks. Meta-analysis for non-RCTs was also carried out,
comparing bilevel NIPPV intervention versus all modalities
(LTOT, sham ventilation, exercise). Meta-analysis for non-
RCTs required first calculating the mean difference (MD) and

CASANOVA [11] -
CLINI[23] —_—-
DIAZ [19] = '
GARROD [24] »
GAY [21] i -
RENSTON [22] P m»
Total ’
T T i T 1
-10 -5 0 5 10

Favours bilevel Favours control

WMD (random) 95% ClI

FIGURE 3. Combined analysis for arterial carbon dioxide tension in chronic
obstructive pulmonary disease randomised controlled trials (RCTs). Comparison:
RCT trials of bilevel noninvasive positive pressure ventilation versus all modalities
(long-term oxygen therapy, sham ventilation, exercise). Outcome: arterial carbon
dioxide tension cmH,0. WMD: weighted mean difference; Cl: confidence interval.
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standard error for each study outcome, following which the
generic inverse variance outcome was used to calculate the
mean difference (rather than the WMD). Subgroup analyses
were not done for non-RCTs. Treatment effects were pooled
using a random effects model, which takes into consideration
variation of study differences in underlying effect, and were
reported as MD with 95% Cls.

RESULTS

Description of the included studies

Study designs

From 177 publications retrieved, 55 studies were screened for
inclusion. In total, 15 studies met the inclusion criteria: six
RCTs and nine non-RCTs (fig. 1). Out of the 15 studies, 11
included a run-in, or acclimatisation period, which varied in
length from 2 h to 1 month and 10 days.

Study participants

Study patients were chronically dyspnoeic and had severe
obstructive lung disease, with a baseline FEV1 <1 L and FEV1/
forced vital capacity ratio <50% predicted. The majority of
studies included patients with arterial carbon dioxide tension
(Pa,cO,) >6.7 kPa (>50 mmHg). Patients had a mean (range)
age of 63 (44-74) yrs and were predominantly male. The
sample size was <50 in all but two studies. The total sample
consisted of 466 patients.

Study length of follow-up

Length of follow-up for the six RCTs varied from 5 days to
2 yrs. Three RCTs included a follow-up of <8 weeks and three
RCTs had included follow-up for >8 weeks. Six of the nine
non-RCTs were short daytime trials of 1-3 days, while the
remaining three studies were longer nocturnal trials (6 weeks,
3 and 6 months).

Study comparisons

Study comparisons included bilevel NIPPV versus spontaneous
breathing, sham ventilatilation, LTOT, exercise and other types
of ventilation (i.e. volume ventilation, different bilevel NIPPV
pressure settings, different bilevel NIPPV ventilators).

EUROPEAN RESPIRATORY JOURNAL
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1y-\:{B %8 Combined analysis for arterial oxygen tension
trials

in chronic obstructive pulmonary disease nonrandomised controlled

BILEVEL NIPPV IN COPD

First author [Ref.] Favours bilevel n Favours control n MD +se Weight % MD (random) 95% ClI
AMBROSINO [25] 7 7 5.0000 +2.4201 18.22 5.00 (0.26-9.74)
KRACHMAN [20] 6 6 3.6500+10.0177 2.26 3.65 (-15.98-23.28)
LIN [27] 10 12 0.3000 +1.3508 26.08 0.30 (-2.35-2.95)
MARAGONI [28] 14 14 13.2000+4.3177 9.32 13.20 (4.74-21.66)
MEeECHAM JONES [29] 14 14 5.9000 +2.7030 16.44 5.90 (0.60-11.20)
NAva [17] 6 7 5.1000 + 1.9522 21.51 5.10 (1.27-8.93)
STRUMPF [30] 7 7 2.0000 +5.6552 6.17 2.00 (-9.08-13.08)
Total 64 67 100 4.49 (1.43-7.55)

MD: mean difference; Cl: confidence interval. Comparison: crossover trials of bilevel noninvasive positive pressure ventilation versus all modalities. Outcome: arterial
oxygen tension mmHg. Test for heterogeneity: Chi squared=12.51, df=6 (p=0.05), I°’=52.0%. Test for overall effect: Z=2.88 (p=0.004).

Study interventions

All studies used a Respironics (Murrysville, PA, USA) BiPAP
for the NIPPV intervention except NAVA et al. [17], who used a
BIRD (Palm Springs, CA, USA) pressure support ventilation
(PSV) ventilator, and HIGHCOCK et al. [18], who compared three
types of bilevel NIPPV (BiPAP Respironics ST 30 (Respironics),
Nippy2 (B+D Electrical Ltd, Stratford upon Avon, UK) and
VPAP II ST (Resmed Ltd, Abingdon, UK) models). In half of
the studies that used BiPAP Respironics, the spontaneous (ST)
mode was used, while the remaining studies used the
spontaneous (S) mode. Inspiratory positive airway pressures
(IPAP) ranged from <0.98 kPa (<10 ecmH,0O) in two studies,
0.98-2.0 kPa (10-20 cmH,O) in the majority and >2.0 kPa
(>20 cmH,0) in one third of the studies. Expiratory positive
airway pressures (EPAP) were <0.49 kPa (<5 cmH,0) in all
studies. A nasal interface was predominantly used, except by
Diaz et al. [19], who used an oronasal interface, and KRACHMAN
et al. [20], who used nasal, oronasal or total face masks.

Methodological quality

Blinding of randomisation was evident in four out of six RCTs.
All were single blind with respect to interventions. The
majority of non-RCTs used repeated measures (seven out of
nine studies), while two used before/after measures (table 1).
All studies included random assignment and attempted,
statistically, to control for confounders. The majority of studies
were rated high on methodological quality.

Respiratory function

Gas exchange

Combined analysis for RCTs found no improvement in arterial
oxygen tension (Pa,0,; WMD 1.86, 95% CI -0.60-4.32 mmHg)
and Pa,cO, (WMD -1.20, 95% CI -5.05-2.65 mmHg) with bilevel
NIPPV (tables 2 and 3; figs 2 and 3). Meta-analysis of seven
non-RCTs found an increase in Pa,0, with bilevel NIPPV (MD
4.49, 95% CI 1.43-7.55 mmHg; p=0.004; table 4 and fig. 4) [17,
20, 25, 27-30]. Eight non-RCTs favoured bilevel NIPPV for
Pa,CO, reduction (MD -3.52, 95% CI -5.93-1.11 mmHg; table 5
and fig. 5) [17, 20, 25-30]. However, heterogeneity was evident

AMBROSINO [25] ; » ! ‘

KRACHMAN [20] < .(p70.13). Subgroup analysis of RCTs s.howed no evidence for
: improved gas exchange according to trial length (<8 weeks or

LIN[27] .: >8 weeks).

MARAGONI [28] - >

MEECHAM JONES [29] f—— Lung function

NAVA [17] S There was no evidence to support improvement of FEV1 with

STRUMPF [30]

Total ’

T T 1
-10 -5 0 5 10
Favours control Favours bilevel
MD (random) 95% CI

FIGURE 4. Combined analysis for arterial oxygen tension in chronic
obstructive pulmonary disease nonrandomised controlled trials. Comparison:
crossover trials of bilevel noninvasive positive pressure ventilation versus all
modalities. Outcome: arterial oxygen tension mmHg. MD: mean difference; CI:
confidence interval.
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bilevel NIPPV in either RCTs or non-RCTs. One of the two
RCTs that included residual volume (RV) as an assessment of
dynamic hyperinflation reported a reduction in RV from
201 +48% pred to 165+49% pred following 3 weeks of bilevel
NIPPV (p<0.001) [19].

Ventilatory/breathing pattern

Only one RCT [19] assessed changes in breathing pattern and
found increases in V'E (1.16 L-min! increase; p<0.05), VT
(181 mL increase; p<<0.001) and total time of respiratory cycle
(0.67 s increase; p<<0.01) during bilevel ventilation, which were
associated with reduced RV, total lung capacity and PEEP;,dyn.
Meta-analysis of five non-RCTs [17, 18, 26-27] that assessed
ventilatory/breathing pattern parameters with bilevel NIPPV
showed an increase in VT (MD 195.64 mL, 95% CI 21.97-
369.31 mL; p=0.03; table 6 and fig. 6). Combined data for four

VOLUME 30 NUMBER 2 297
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111853 Combined analysis for arterial carbon dioxide tension in chronic obstructive pulmonary disease nonrandomised

controlled trials

First author [Ref.] Favours bilevel n  Favours control n MD +se Weight % MD (random) 95% CI
AMBROSINO [25] 7 7 -7.0000+3.2071 10.46 -7.00 (-13.29--0.71)
KRACHMAN [20] 6 6 -3.2700+3.9438 7.67 -3.27 (-11.00-4.46)
LIEN [26] 11 11 -0.8000+4.9179 5188 -0.80 (-10.44-8.84)
LIN [27] 10 12 -0.9000 £ 1.4299 24.29 -0.90 (-3.70-1.90)
MARAGONI [28] 14 14 -6.0000 +2.8885 12.08 -6.00 (-11.66— -0.34)
MEECHAM JONES [29] 14 14 -4.5000+1.9744 18.72 -4.50 (-8.37- -0.63)
NAvA [17] 6 7 -7.7000+2.7889 12.65 -7.70 (-13.17--2.23)
STRUMPF [30] 7 7 3.0000 +3.6061 8.80 3.00 (-4.07-10.07)
Total 75 78 100 -3.52 (-5.93- -1.11)

MD: mean difference; Cl: confidence interval. Comparison: crossover trials of bilevel noninvasive positive pressure ventilation versus all modalities. Outcome: arterial
carbon dioxide tension cmH,0/end tidal carbon dioxide tension cmH,0. Test for heterogeneity: Chi squared=11.16, df=7 (p=0.13), I’=37.3%. Test for overall effect:

Z=2.86 (p=0.004).

studies [17, 18, 25, 26] showed an increase in VT/t1 (p=0.02);
however, heterogeneity was evident (p=0.45; table 7 and fig. 7).
NAVA et al. [17] compared different pressure level settings and
showed increases in VT/t1on IPAP/EPAP of 10/0 (0.98/0),20/0
(2.0/0) and 20/5 (2.0/0.49), but not with the least pressure
difference at a setting of 10/5 cmH,O (0.98/0.49 kPa).

Respiratory muscle function/work of breathing

Combined analysis of two RCTs with 101 patients [22, 23]
found no increase in MIP with bilevel NIPPV (WMD
4.45 cmH,0, 95% CI -4.52-13.43 cmH,0O; p=0.33; table 8 and
fig. 8). CASANOVA et al. [11], using a different unit of measure
for MIP, also reported no change. Two non-RCTs further failed
to show increases in MIP or MEP with bilevel NIPPV [27, 30].

AMBROSINO [25] -—®#%——————

KRACHMAN [20]

LIEN [26] -« .

LIN [27] —
MARAGONI[28] <+— ® |
MEECHAM '
JONES [29] — &

NAVA [17] -~

STRUMPF [30]

Total ’

. H
-10 -5 0 5 10
Favours bilevel Favours control
MD (random) 95% CI

FIGURE 5. Combined analysis for arterial carbon dioxide tension in chronic
obstructive pulmonary disease nonrandomised controlled trials. Comparison:
crossover ftrials of bilevel noninvasive positive pressure ventilation versus all
modalities. Outcome: arterial carbon dioxide tension cmH,O/end tidal carbon
dioxide tension cmH,O. MD: mean difference; Cl: confidence interval.
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A decrease in Pdi was reported in one non-RCT [17], with all
four levels of bilevel NIPPV pressures (IPAP/EPAP of 10/0
(0.98/0), 10/5 (0.98/0.49), 20/0 (2.0/0) and 20/5 cmH,0O (2.0/
0.49 kPa)) with seven patients. The study also reported a
decrease in PEEPidyn with the addition of positive end-
expiratory pressure 0.49 kPa (5 cmH,0) to nasal PSV of 0.98
and 2.0 kPa (10 and 20 ecmH,0). The RCT by RENSTON et al. [22]
reported a decrease (66.6 +6%) in EMGdi with bilevel NIPPV
during exercise.

Five out of the nine non-RCTs reported parameters related to
respiratory muscle function/work of breathing. AMBROSINO et
al. [25] reported no change in EMGdi during bilevel NIPPV.
LIEN et al. [26] reported a decrease in EMGst of -62.93 +23.27%
in four patients with an FEV1 <0.55 L after 40 min of bilevel
NIPPV, compared with a decrease in EMGst of -32.45 +42.79%
in seven patients with an FEV1 >0.55 L, suggesting greater
reduction of diaphragmatic activity with bilevel NIPPV in the
subset of patients with a lower FEV1. Combined data for PI,max
(MD 4.85 cmH,0, 95% CI 0.25-9.44 cmH,0; p=0.04) and
PEmax (MD 4.82 cmH,0, 95% CI 0.56-9.09 cmH,0O; p=0.03)
from two non-RCTs [26, 27] showed an increase in respiratory
muscle strength with bilevel NIPPV, although heterogeneity
was evident (table 9 and fig. 9).

Health-related outcomes

Exercise tolerance

Three RCTs [21-23] that assessed exercise tolerance using the
6MWT showed no improvement in the bilevel NIPPV group.
The fourth RCT [24] comparing bilevel NIPPV with exercise to
exercise alone, demonstrated an increase of 100 m (p<0.001)
on the SWT in the bilevel NIPPV with exercise group after
8 weeks of bilevel NIPPV. Due to the combined interventions
(bilevel NIPPV and exercise), it is not clear whether non-
invasive ventilation alone or in combination with exercise
contributed to the improvement. Two non-RCTs [18, 29] that
assessed exercise tolerance (one using the 6MWT [29] and the
other using the SWT [18]) showed no improvement with
bilevel NIPPV.
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1):\:1E S Combined analysis for tidal volume (V1) in chronic obstructive pulmonary disease nonrandomised controlled trials

First author [Ref.] Favours bilevel n Favours control n MD + se Weight % MD (random) 95% CI
AMBROSINO [25] 7 7 382.0000 + 58.2666 21.59 382.00 (267.80-496.20)
HigHcock [18] 8 8 164.0000 + 165.1882 13.03 164.00 (-159.76-487.76)
LIEN [26] 11 11 50.0000 +54.3557 21.86 50.00 (-56.54-156.54)
LiN [27] 10 12 23.0000 £ 13.9401 23.68 23.00 (-4.32-50.32)
NAvA [17] 6 7 380.0000+81.1858 19.85 380.00 (220.88-539.12)
Total 42 43 100 195.64 (21.97-369.31)

MD: mean difference; Cl: confidence interval. Comparison: crossover trials of bilevel noninvasive positive pressure ventilation versus all modalities. Outcome: VT mL. Test
for heterogeneity: Chi squared=>53.19, df=4 (p<0.00001), I’=92.5%. Test for overall effect: Z=2.21 (p=0.03).

Dyspnoea

Data could not be combined for all RCTs that assessed dyspnoea
due to the different measurement scales used. Each RCT
demonstrated an improvement in dyspnoea in the bilevel
NIPPV group (table 10). RENSTON et al. [22] showed a 66.3%
reduction in dyspnoea in the bilevel NIPPV group (p<<0.01).
CasaNOVA et al. [11] showed a reduction in dyspnoea at
3 months on two dyspnoea scales (p=0.035, MRCD; p=0.039,
Borg scale) and this improvement was maintained at 6 months
on the Borg scale (p=0.033) in the bilevel NIPPV with LTOT
group. CLINI et al. [23] used the MRCD to assess dyspnoea in a
group of 47 patients and reported a reduction in dyspnoea in the
bilevel NIPPV with LTOT group at both 12 (p=0.048) and 24
(p=0.013) months. The dyspnoea portion of the CRDQ in the
fourth RCT [24] in the bilevel NIPPV and exercise group showed
an improvement after 12 weeks (p<<0.05). One of two non-RCTs
showed no change in dyspnoea as a single outcome [30].

Functional status

Only two RCTs assessed functional status using different
measurement scales. RENSTON et al. [22] showed no reduction
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FIGURE 6. Combined analysis for tidal volume (V1) in chronic obstructive
pulmonary disease nonrandomised controlled trials. Comparison: crossover trials
of bilevel noninvasive positive pressure ventilation versus all modalities. Outcome:
VT mL. MD: mean difference; Cl: confidence interval.
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in dyspnoea related to functional impairment with bilevel
NIPPV on all scales (modified MRCD, oxygen cost diagram
and BiPAP Functional Impairment Scale). The second study by
GARROD et al. [24], comparing bilevel NIPPV and exercise to
exercise alone reported an improvement in the CRDQ total
score from 68.1+20.9 to 92.2+17.0 (p<<0.001) and 73.3+22.4 to
85.1+23.9 (p=0.003), respectively; however, there was a
greater improvement in all components of the scale (dyspnoea,
mastery, emotion and fatigue), as well as the total score for the
bilevel NIPPV with exercise group (table 11).

HRQOL

Only one non-RCT [29] reported HRQOL as an outcome
measure and showed improved SGRQ scores (total score,
p=0.001; impact score, p=0.002; symptom score, p=0.007).
Using the MRF-28 (which assesses cognitive behaviour,
activity, disability and other components), CLINI et al. [23]
demonstrated improvement from baseline in the bilevel NIPPV
with LTOT group (p=0.041; 95% CI 0.13-4.07) at 24 months. In
the study by CLINI et al. [23] there was no significant change in
symptoms, activity and impact scores on the SGRQ. As
previously mentioned, both the NIPPV with exercise and the
exercise only groups in the study by GARROD et al. [24] showed
improvement for both the CRDQ total score (difference of 12.3;
p=0.03) and the fatigue component (difference of 3.41;
p=0.01), supporting a significantly greater improvement in
the bilevel NIPPV with exercise group compared with the
exercise only group (table 12).

Morbidity

Two RCTs [11, 23] measured morbidity in terms of hospital
and ICU admissions. The studies compared bilevel NIPPV and
LTOT subjects with LTOT only subjects. Hospital and ICU
admission rates between both the treatment and control
groups in the two RCTs showed no significant difference
(table 13). The data were not combined due to the different
unit of measure used in both studies. The bilevel NIPPV
groups in each of the RCTs had a reduction in total hospital
admissions compared with baseline [11, 23]. CASANOVA et al.
[11] reported a 10% decrease in total hospital admissions at
3 months in the bilevel NIPPV group (p<<0.05), which did not
persist at 6 or 12 months. Although CLINI et al. [23] reported a
45% decrease in total hospital admissions compared with a
3-yr period leading up to the study, this was not significant
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1y:\:1E v & Combined analysis for mean inspiratory flow (VT/t)) in chronic obstructive pulmonary disease nonrandomised controlled

trials

First author [Ref.] Favours bilevel n Favours control n MD +se Weight % MD (random) 95% CI
AMBROSINO [25] 7 7 73.0000 +64.1349 22.02 73.00 (-52.70-198.70)
HigHcock [18] 8 8 149.0000 +222.0434 1.84 149.00 (-286.20-584.20)
LIEN [26] 11 11 30.0000 + 42.6401 49.81 30.00 (-53.57-113.57)
NAvA [17] 6 7 145.0000 +58.6399 26.34 145.00 (30.07-259.93)
Total 32 88 100 71.94 (12.96-130.92)

MD: mean difference; Cl confidence interval. Comparison: crossover trials of bilevel noninvasive positive pressure ventilation versus all modalities. Outcome: V/ti mL-s™.
Test for heterogeneity: Chi squared=2.64, df=3 (p<0.45), I°’=0%. Test for overall effect: Z=2.39 (p=0.02).

and the control group in this 2-yr study actually had an
increase in total hospital admissions by 27%. There was a 1
versus 3% endotracheal intubation/ICU admission rate in the
NIPPV versus LTOT group in the study by CAsaNOva et al. [11],
whereas the study by CLINI et al. [23] showed a 75% reduction
in the bilevel NIPPV group compared with a 20% increase in
the LTOT control group (table 13).

Mortality
There was no significant reduction in mortality with bilevel
NIPPV reported in two RCTs [11, 23].

Comfort/compliance

The most prevalent complaints were related to asynchrony [25,
27] and sleep [21, 22, 24, 30]. Inability to tolerate pressure-level
settings [11, 17], dry nose and/or mouth [24, 30] or mask/
interface intolerance due to problems such as leak or nasal skin
lesions/skin breakdown [21, 27] were also reported. Two
studies reported bilevel NIPPV intolerance with no reasons
cited [23, 29].
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FIGURE 7. Combined analysis for mean inspiratory flow (Vi/ti) in chronic
obstructive pulmonary disease nonrandomised controlled trials. Comparison:
crossover trials of bilevel noninvasive positive pressure ventilation versus all
modalities. Outcome: V1/ti mL-s™. MD: mean difference; Cl: confidence interval.
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DISCUSSION

Respiratory function

Although combined analysis of RCTs showed no significant
improvement in gas exchange, reduction of hypercapnia was
greater in four RCTs [11, 20, 23, 24], which had higher hours of
bilevel NIPPV use than in the remaining two RCTs [21, 22].
Consistent reduction of hypercapnia noted on continuous
nocturnal monitoring of end-tidal carbon dioxide tension and
Ptc,CO, in two non-RCTs by STRUMPF et al. [30] and MEECHAM
JONES et al. [29] did not show the same extent of improvement
in daytime Pa,CO,. The extent of reduced hypercapnia, which
was greatest in the study by MEECHAM JONES ef al. [29], may
also suggest that the effectiveness of bilevel NIPPV is greater in
COPD patients with a higher baseline Pa,CO,. Nocturnal Ptc,CO,
monitoring may be a more dynamic measure of effectiveness
of bilevel NIPPV in reduction of hypercapnia in patients with
severe stable COPD than arterial blood gases alone.

Within non-RCTs, those which used lower bilevel pressures
[26, 27] showed less Pa,CO, reduction than those that reported
greater Pa,CO, reduction with higher pressure levels [17, 20, 25,
28, 29]. Improvements in ventilatory parameters and reduction
of PEEPidyn reported in one study [17] were proportional to
the bilevel NIPPV pressures applied.

Non-RCTs supported a significant improvement in gas
exchange (both Pa0, and Pa,CO,) with bilevel NIPPV. Using
patients as their own controls may have assisted in controlling
for differences in disease severity, as it is likely that in
advanced COPD smaller differences in lung function between
patients in the treatment and control groups may account for
the failure of existing trials to consistently demonstrate
improvement in gas exchange with bilevel NIPPV.

Two RCTs that demonstrated improvements in gas exchange
reported concurrent improvement in one or more outcome
related to ventilatory/breathing pattern [24] and/or respira-
tory muscle function/work of breathing [19]. Improvements in
some flow and volume indices (V'E, VT, VT/#) in studies that
assessed ventilation/breathing pattern were reported with
bilevel NIPPV use [17, 18, 24, 27]. Two daytime studies [17, 19]
found that the extent of the increase in VT was greater with
higher bilevel pressures (IPAP/EPAP pressure difference of
1.5 kPa (>15 cmH,0)), suggesting that the degree of improve-
ment in alveolar ventilation with bilevel NIPPV may be
proportional to the IPAP/EPAP pressure difference applied.
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1):\:1B 8 Combined analysis for maximal inspiratory pressure (MIP) in chronic obstructive pulmonary disease randomised

controlled trials (RCTs)

First author [Ref.] Bilevel NIPPV Control Weight % WMD (random) 95% CI
n Mean + sp n Mean +sp

Cuini [23] 38 50.60+20.60 46 48.10+27.70 77.00 2.50 (-7.73-12.73)

RENSTON [22] 9 48.00+19.50 8 37.00+19.80 23.00 11.00 (-7.72-29.72)

Total 47 54 100 4.45 (-4.52-13.43)

NIPPV: noninvasive positive pressure ventilation; WMD: weighted mean difference; Cl: confidence interval. Comparison: RCT trials of bilevel NIPPV versus all modalities
(long-term oxygen therapy, sham ventilation, exercise). Outcome: MIP cmH,0. Test for heterogeneity: Chi squared=0.61, df=1 (p=0.43), [°’=0%. Test for overall effect:

Z=0.97 (p=0.33).

The latter studies, as well as the study by LIN et al. [27], which
was nocturnal and showed less reduction in VT and V'E during
sleep with NIPPV, despite the use of lower pressures of IPAP
0.78-1.5 kPa (8-15 cmH,0)/ EPAP <0.20 kPa (<2 cmH,0),
suggest an adjunctive role for bilevel NIPPV use in the
management of CRF due to severe stable COPD.

Reductions in V'E and/or PEEPi,dyn associated with significant
improvements in gas exchange in some studies [17, 19]
suggests that improved alveolar ventilation may result in
reduced end-expiratory lung volumes and reduced lung
hyperinflation in response to bilevel NIPPV use in some
individuals with severe stable COPD. DIAZ et al. [19] assessed
the effect of bilevel versus sham NIPPV on lung hyperinflation
in 36 patients with severe stable hypercapnic COPD, and
reported significant decreases in mean inspiratory pressure
swing, PEEPidyn, dynamic lung elastase, inspiratory lung
resistance and tension time index, consistent with reduced
lung hyperinflation and reduced inspiratory mechanical work-
load. It may be, then, that a proportion of patients with more
hyperinflation (who are at a greater mechanical disadvantage
and attempt to avoid fatiguing by reducing their VT to spare
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FIGURE 8. Combined analysis for maximal inspiratory pressure (MIP) in
chronic obstructive pulmonary disease randomised controlled trials (RCTs).
Comparison: RCT trials of bilevel noninvasive positive pressure ventilation versus
all modalities (long-term oxygen therapy, sham ventilation, exercise). Outcome: MIP
cmH,0. WMD: weighted mean difference; Cl: confidence interval.
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the workload on their respiratory muscles, resulting in alveolar
hypoventilation) constitute a subset that respond more
favourably to bilevel NIPPV. This may explain some of the
inconsistent findings regarding effectiveness of bilevel NIPPV
in severe stable COPD.

Assessment of diaphragmatic muscle activity/work of breath-
ing (electromyogram [24], Pdi [17]) demonstrated reductions,
thus favouring bilevel NIPPV for respiratory muscle rest
associated with reduced work of breathing. NAvA et al. [17]
also showed a proportionately greater reduction in work of
breathing with increasing IPAP, to a maximum of 2.0 kPa
(20 cmH,0), following the addition of 0.49 kPa (5 cmH,0)
EPAP, suggesting greater respiratory muscle rest and reduc-
tion of workload proportional to bilevel NIPPV pressures used.
LIEN et al. [26] showed a reduction of respiratory accessory
muscle work (EMGst) of breathing during bilevel NIPPV use
that was greater in patients with an FEV1 <0.55 L versus in
those with an FEV1 >0.55 L, which may lend support for a
subset of responders who may benefit from bilevel NIPPV to
reduce work of breathing.

Health-related outcomes

A number of studies reported significant improvement in
exercise tolerance following regular bilevel NIPPV use,
suggesting that periods of regular bilevel NIPPV use (during
which the inspiratory mechanical load is relieved allowing
respiratory muscle rest) may contribute to improvement in
exercise. GARROD et al. [24] found that bilevel NIPPV, when
combined with an exercise programme, improved oxygenation
and HRQOL in conjunction with exercise tolerance, suggesting
the possibility of bilevel NIPPV enhancing the effects of
pulmonary rehabilitation. Bilevel NIPPV use during exercise
did not improve exercise tolerance. As bilevel NIPPV delivers
preset IPAP/EPAP pressure levels, it may not be as responsive
as other modes of NIPPV to sudden changes/increased
mechanical load and ventilatory and metabolic demand that
occur during exercise. This may explain the findings by
HiGHCOCK et al. [18], who assessed exercise tolerance during
bilevel NIPPV via mouthpiece and showed reduced exercise
tolerance on all three types of bilevel NIPPV. Newer NIPPV
modes, such as proportional assist ventilation, which deliver
flow and volume in proportion to each inspiratory effort,
might allow more synchrony than bilevel NIPPV with active
exercise.
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ay:\:1E 8 Combined analysis for maximal inspiratory and expiratory mouth pressure (Pl,max and PE max, respectively) in chronic
obstructive pulmonary disease nonrandomised controlled trials

First author [Ref.] Favours bilevel n Favours control n MD +se Weight % MD (random) 95% CI
P1,max analysis
LiEN [26] 1 1 0.4000+12.8142 BI85 0.40 (-24.72-25.52)
LN [27] 10 12 5.0000 +2.3839 96.65 5.00 (0.33-9.67)
Total 21 23 100 4.85 (0.25-9.44)
PE,max analysis
LIEN [26] 1 11 1.0000+ 10.3830 4.40 1.00 (-19.35-21.35)
LN [27] 10 12 5.0000 +2.2265 95.60 5.00 (0.64-9.36)
Total 21 23 100 4.82 (0.56-9.09)

MD: mean difference; Cl confidence interval. Comparison: crossover trials of bilevel noninvasive positive pressure ventilation versus all modalities. Outcome: Pl,max
cmH,0 or PEmax cmH,0. Test for heterogeneity in Plmax analysis: Chi squared=0.12, df=1 (p<0.72), 1°=0%. Test for overall effect: Z=2.07 (p=0.04). Test for
heterogeneity in PEmax analysis: Chi squared=0.14, df=1 (p<0.71), [°>=0%. Test for overall effect: Z=2.22 (p=0.03).
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FIGURE 9. a) Combined analysis for maximal inspiratory mouth pressure
(P,max) in chronic obstructive pulmonary disease nonrandomised controlled trials.
Comparison: crossover trials of bilevel noninvasive positive pressure ventilation
versus all modalities. Outcome: Pi,max cmH,O. b) Combined analysis for maximal
expiratory mouth pressure (PEmax) in chronic obstructive pulmonary disease
nonrandomised controlled trials. Comparison: crossover trials of bilevel noninvasive
positive pressure ventilation versus all modalities. Outcome: PEmax cmH,0.
MD: mean difference; Cl: confidence interval.
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Significant reduction of dyspnoea associated with bilevel
NIPPV use was consistently reported in RCTs [11, 22-24] up
to 2 yrs in length. One RCT [24] demonstrated improvement in
functional status that was associated with improvement in the
four components of the CRDQ scale, including dyspnoea and
fatigue. MCCONNELL and ROMER [31] recently described how
the impairment of contractile properties of the respiratory
muscles, with resultant functional weakening and fatigue
brought about by dynamic hyperinflation in COPD, creates
worsening dyspnoea intensity and also described the role of
respiratory muscle training in reducing the intensity of
dyspnoea through improvement of the contractile properties
of the respiratory muscles. It may be possible that nocturnal
bilevel NIPPV, which reduces factors that have the potential to
increase dyspnoea (by improving alveolar ventilation and
reducing hyperinflation, and addressing the factors that impair
the contractile properties of the respiratory muscles), in
addition to an exercise rehabilitation programme, which
augments those factors that have the potential to decrease
dyspnoea (by addressing factors that improve contractile
properties, through respiratory muscle training), are more
effective in combination.

Only three studies [23, 24, 29] assessed HRQOL. All three
(12 weeks to 2 yrs in duration) showed significant improve-
ment in HRQOL on at least one validated HRQOL measure-
ment scale. Significant improvements in HRQOL total scores in
the studies by both GARROD et al. [24] and MEECHAM JONES et al.
[29] were reported to be largely due to significant improve-
ments in symptom components of the scores.

Few studies reported morbidity as an outcome, despite the
significant expenditure of healthcare monies devoted to
treatment of COPD exacerbations. The two studies [11, 23]
that assessed morbidity were longer studies (1 and 2 yrs,
respectively). Although reductions in hospital admissions
between the bilevel NIPPV and LTOT groups in the two
RCTs [11, 23] failed to reach significance, reductions in both
hospital stay and dyspnoea were associated with reduced
frequency of hospital admissions within the bilevel NIPPV
groups. Reduction of hospital stay and reduced need for
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17.\:18 =5 18 Dyspnoea ratings with bilevel noninvasive positive pressure ventilation use in chronic obstructive pulmonary disease

First author [Ref.] Scale used Trial length Before/after Rx/CL Outcome data Comments
RCTs
CASANOVA [11] BORG/MRCD 1yr Rx 5+41.63*/2*
CL 4+1.63/2
CuNI [23] MRCD at 0 months/ 2 yrs Rx 3.3+0.3/2.7+0.8%/
12 months/24 months 23+0.72"
CL 2.7+0.6/3.0+0.77/
29+0.72
GARROD [24] CRDQ dyspnoea score 8 weeks Rx 13.1 to 18.0*** Data from the dyspnoea portion of the
CL 15.11t0 16.8 CRDQ instrument
RENSTON [22] BORG 5 days Rx 2.0+1.21t0 0.74+0.9**
CL 1.8+1.13t01.3+1.13
Non-RCTs
STRUMPF [30] Dyspnoea scale of Mahler 6 months Before 06+1.7 Functional impairment dyspnoea rating
After 0.3

Data are presented as mean+sb. Rx: treatment; CL: control; BORG: Borg dyspnoea scale; MRCD: Medical Research Council dyspnoea scale; CRDQ: Chronic
Respiratory Disease Questionnaire. #: p=0.048 at 12 months; ¥: p=0.013 at 24 months. *p<<0.05; **: p<0.01; ***: p<0.001.

intubation and ICU support with bilevel NIPPV use would
translate to reduced healthcare expenditures, as has already
been demonstrated in the setting of acute respiratory failure
due to COPD exacerbation [32]. Due to the progressive nature
of COPD, it is not surprising that studies to date, including
those in the current study [11, 23], have not demonstrated
reduced mortality in response to bilevel NIPPV therapy.

Comfort/compliance issues

Studies that reported comfort/compliance issues were shorter
trials [11, 17] with brief acclimatisation periods and high or low
bilevel pressure levels, which may have contributed to

TABLE 11
pressure ventilation (NIPPV) use

intolerance due to patient/ventilator asynchrony resulting
either from mask leak accompanying higher bilevel pressures,
or increased inspiratory efforts/work due to breathing result-
ing from lower bilevel pressures. This may have also been the
case in the four studies [21, 22, 24, 30] that reported sleep-
related difficulty, which also used lower IPAP/EPAP bilevel
pressure settings. Studies that reported mask/interface pro-
blems [21, 27] or patient/ventilator asynchrony [25, 27] as the
reason for NIPPV intolerance, were either shorter trials or
those that had no acclimatisation period. The 3-month study
[29] that had the lowest attrition rate due to comfort/
compliance issues (one (5.5%) out of 18 patients) in the bilevel

Functional status/activity of daily living in chronic obstructive pulmonary disease with bilevel noninvasive positive

First author [Ref.] Trial length Scale Rx/CL Outcome data Comments
GARROD [24] 8 weeks LCADL Compared bilevel NIPPV and exercise with
Total score Rx 45.4 10 38.7*** exercise alone. No significant change in
CL 40.2 to 33.8*** self-care or domestic score for the NIPPV
Physical subscore Rx 6.0 to 4.65*** group; no significant change in the leisure or
CL 5.75 to 5.05* self-care score for the exercise only group
Leisure subscore Rx 7.47 to 5.82***
CL 6.25 to 5.70
RENSTON [22] 5 days Modified MRCD Rx 3.14+0.41026+05  Three different measurement scales used to
CL 294041033404 assess functional impairment with activities
Oxygen cost diagram Rx 16.6+3.71t0 17.04+4.0 of daily living, associated with dyspnoea
CL 1554+2.4t0 13.44+2.0
BiPAP functional impairment Rx 241+20to0 22.34+2.1
scale CL 44+15t0235+1.9

Data are presented as mean+sb. Rx: treatment; CL: control; LCADL: London Chest Activity of Daily Living Scale; MRCD: Medical Research Council dyspnoea scale
(rates functional impairment associated with dyspnoea: 0-4 corresponds to least to most); BiPAP functional impairment scale: questionnaire that rates dyspnoea (1-3

corresponds to none to severe) for each of 12 activities of daily living. *: p<<0.05; ***: p<0.001.
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=185 P Health-related quality of life with bilevel use in chronic obstructive pulmonary disease

First author [Ref.] Trial length Questionnaire Rx/CL Outcome data Comments
RCTs
Cuni [23] 2yrs SGRQ at baseline Rx 66+14 Reduction in scores show trend
CL 62+21 for improvement in both groups
SGRQ at 24 months Rx 62.7+13.3 primarily due to improvement in
CL 59.52+20.16 symptoms
MRF-28 Significant improvement in bilevel NIPPV
group only (data presented graphically only)*
GARROD [24] 8 weeks CDRQ Rx 68.1+20.9 to 92.2+17.0*** CRDQ total score for Bilevel
CL 73.3+22.4 to 85.1 +23.9* NIPPV and exercise versus
exercise only groups
Non-RCTs
MEECHAM JONES [29] 6 months SGRQ Rx 60 +26.2***
CL 70+18.7

Data are presented as mean=+sb. Rx: treatment; CL: control; RCT: randomised controlled trial; SGRQ: St. George’'s Respiratory Questionnaire (lower score reflects
improvement); MRF-28: Maugeri Foundation Respiratory Failure Questionnaire; CRDQ: Chronic Respiratory Disease Questionnaire; NIPPV: noninvasive positive pressure

ventilation. *: p<0.05; ***: p<<0.001.

NIPPV group had a two-night bilevel NIPPV in-hospital
acclimatisation period, utilised daily diary cards regarding
ventilator use and associated problems, and had outpatient
clinic follow-up every 4 weeks. It is likely that a period of
in-patient acclimatisation, during which patients are closely
monitored and problems related to equipment and patient/
mask interface issues can be managed and pressure levels
titrated for both comfort and effectiveness, may be beneficial to
improving compliance to bilevel NIPPV.

Conclusions

Patients with severe stable chronic obstructive pulmonary
disease who lack the necessary respiratory reserve to respond
to minimal increases in ventilatory demand due to their altered
lung dynamics are constantly on the verge of respiratory
decompensation. Based on this systematic review, bilevel
noninvasive positive pressure ventilation use in a select
proportion of patients with severe stable chronic obstructive
pulmonary disease can improve gas exchange, exercise

=18 =8 k8 Morbidity with bilevel noninvasive positive pressure ventilation use in chronic obstructive pulmonary disease

randomised controlled trials

First author [Ref.]  Trial length Outcome Rx/CL Outcome data Comments
CAsANOVA [11] 1yr Acute exacerbations at 3 months % Rx 52 Greater increase in acute exacerbations in control group
CL 57
Acute exacerbations at 12 months % Rx 66 Number of hospital admissions significantly less in the
CL 77 bilevel versus control group at 3 months*; however, not
sustained at 12 months
Hospital admissions at 3 months % Rx &
CL 15
Hospital admissions at 12 months % Rx 18
CL 19
Intubations at 3 months % Rx 2
CL 16
Intubations at 12 months % Rx 6
CL 10
Cuini [23] 2 yrs Hospital admission rate % reduction at Rx 45 Hospital admission reduction in the Rx group (45%) and
3 months increase in the control group (27%)
Hospital admission rate % reduction at Rx 18
12 months
ICU admission days-patient"-yr Rx 02+0.4
CL 0.4

Data are presented as mean +sb, unless otherwise stated. Rx: treatment; CL: control; ICU: intensive care unit. *: p<<0.05.
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tolerance, dyspnoea, work of breathing (due to lung hyperin-
flation), frequency of hospitalisation, health-related quality of
life and functional status. This suggests an adjunctive role for
the use of bilevel noninvasive positive pressure ventilation in
assisting the management of the distressing and debilitating
effects of chronic respiratory failure due to chronic obstructive
pulmonary disease progression. The effectiveness of bilevel
noninvasive positive pressure ventilation used nocturnally
and/or as necessary during the daytime is of benefit for
intermittent reduction in work of breathing and respiratory
muscle rest, which may contribute to improved exercise
tolerance on a short-term, day-to-day basis. Lung volumes,
alveolar ventilation, and work of breathing are improved
during bilevel noninvasive positive pressure ventilation use,
but this improvement is not consistently sustained. When
assessment of bilevel noninvasive positive pressure ventilation
addressed mechanical disadvantage outcomes (inspiratory
mechanical load), alveolar hypoventilation, lung hyperinfla-
tion, as well as parenchymal changes (alveolar destruction and
loss of functioning lung units/airway obstruction) that precede
the mechanical disadvantage, bilevel noninvasive positive
pressure ventilation has an adjunctive role in the management
of chronic respiratory failure in a subset of severe stable
chronic obstructive pulmonary disease patients with chronic
hypercapnic respiratory failure and increased dynamic intrin-
sic positive end-expiratory pressure. Inconsistency in the
effectiveness of all assessed outcomes may be due to the
variability in degree of lung hyperinflation (dynamic intrinsic
positive end-expiratory pressure), and bilevel noninvasive
positive pressure ventilation levels and duration of use.
Nonrandomised controlled trial data found improved gas
exchange with bilevel noninvasive positive pressure ventila-
tion, while randomised controlled trial data did not. Lung
hyperinflation and work of breathing were reduced in a
nonrandomised subset. Dyspnoea, health-related quality of life
and morbidity, the least studied outcomes, showed more
consistent improvements.
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