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ABSTRACT
Introduction The effectiveness of non-invasive positive
pressure ventilation (NIV) in COPD patients with
prolonged hypercapnia after ventilatory support for acute
respiratory failure (ARF) remains unclear. We investigated
if nocturnal NIV in these patients prolongs the time to
readmission for respiratory causes or death (primary
endpoint) in the following 12 months.
Methods 201 COPD patients admitted to hospital with
ARF and prolonged hypercapnia >48 h after termination
of ventilatory support were randomised to NIV or
standard treatment. Secondary outcomes were daytime
arterial blood gasses, transcutaneous PCO2 during the
night, lung function, health-related quality-of-life (HRQL),
mood state, daily activities and dyspnoea.
Results 1 year after discharge, 65% versus 64% of
patients (NIV vs standard treatment) were readmitted to
hospital for respiratory causes or had died; time to event
was not different (p=0.85). Daytime PaCO2 was
significantly improved in NIV versus standard treatment
(PaCO2 0.5 kPa (95% CI 0.04 to 0.90, p=0.03)) as was
transcutaneous PCO2 during the night. HRQL showed a
trend (p=0.054, Severe Respiratory Insufficiency
questionnaire) in favour of NIV. Number of
exacerbations, lung function, mood state, daily activity
levels or dyspnoea was not significantly different.
Discussions We could not demonstrate an
improvement in time to readmission or death by adding
NIV for 1 year in patients with prolonged hypercapnia
after an episode of NIV for ARF. There is no reason to
believe the NIV was not effective since daytime PaCO2

and night-time PCO2 improved. The trend for
improvement in HRQL favouring NIV we believe
nevertheless should be explored further.
Trial registration number NTR1100.

INTRODUCTION
Non-invasive positive pressure ventilation (NIV) has
become an established treatment in patients with
COPD who are admitted to hospital with acute
respiratory failure (ARF) due to an exacerbation.1–4

As readmission and mortality rates in these patients
are high,5 6 the application of long-term nocturnal
NIV in stable hypercapnic COPD has been subject
of several studies. However, in a meta-analysis no
clear benefits were documented.7–11 Reasons for
these negative results were: (1) insufficient ventila-
tory support; (2) lack of proper monitoring during

the night; (3) baseline PaCO2 too low; and (4) low
adherence to NIV. The two long-term randomised
controlled trials (RCTs) comparing NIV in addition
to long-term oxygen therapy (LTOT) showed con-
flicting results: one demonstrated small improve-
ments in daytime arterial carbon dioxide pressure
(PaCO2), dyspnoea and health-related quality-of-life
(HRQL)12 in favour of NIV whereas the other
found an improvement in survival but at the cost of
worsening HRQL.13

Two other studies investigated the effects of long-
term NIV in the most severe subgroup of COPD
patients; that is, patients with acute-on-chronic
respiratory failure. These indicated a benefit from
long-term NIV in patients who previously required
mechanical ventilation for treatment of ARF and who
remained hypercapnic thereafter.6 14 Unfortunately,
these were both small studies and given the huge
impact of COPD on mortality and morbidity15

further studies are urgently needed.
We hypothesised that providing nocturnal NIV

alongside standard medical treatment to patients
who remain hypercapnic after ventilatory support
during ARF would prolong the time to readmission

Key messages

What is the key question?
▸ What is the effect of nocturnal non-invasive

positive pressure ventilation (NIV) alongside
standard medical treatment in COPD patients
with prolonged hypercapnia after ventilatory
support for acute respiratory failure?

What is the bottom line?
▸ We could not demonstrate an improvement in

time to readmission or death by adding NIV for
1 year in COPD patients with prolonged
hypercapnia after an episode of NIV for acute
respiratory failure.

Why read on?
▸ NIV did improve daytime PaCO2 and night-time

transcutaneous PCO2. This and the trend for
improvement in health-related quality-of-life
favouring NIV should be explored further.
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for respiratory causes or death. Therefore, we conducted an
RCT comparing nocturnal NIV with standard treatment for
1 year.

METHODS
The RESCUE trial (REspiratory Support in COPD after acUte
Exacerbation) was a multicentre, prospective, randomised con-
trolled study recruiting COPD patients who were admitted to
hospital with ARF and treated with ventilatory support through-
out the Netherlands between 1 December 2007 and 1 July
2012. A total of 201 patients with severe COPD from 47 hospi-
tals were enrolled by three centres for home mechanical ventila-
tion (University Medical Center Groningen, Maastricht
University Medical Center and the Erasmus Medical Center,
Rotterdam) with a follow-up of 12 months. Inclusion criteria
were: (1) COPD, GOLD stage 3 and 4;15 (2) >48 h independ-
ence from ventilatory support (invasive or non-invasive) for
ARF; and (3) prolonged hypercapnia (PaCO2 >6.0 kPa) during
daytime at rest without oxygen or ventilatory support. The
study was approved by the local Medical Ethics Committee of
the University Medical Centre Groningen, University of
Groningen, patients gave informed consent to participate in the
study and the trial was registered at the Nederland’s Trial
Register (NTR1100). For a more detailed description of the
methods used, see online supplementary file.

Randomisation and intervention
Patients were randomised to nocturnal NIV or standard treat-
ment by a computer with minimisation for FEV1 (≤0.8 L or
>0.8 L), PaCO2 (≤7.0 kPa or >7.0 kPa), body mass index
(BMI) (≤30 kg/m2 or >30 kg/m2), ventilatory support (invasive
or non-invasive ventilation) and rehabilitation (yes/no).
Standard treatment consisted of optimal medical treatment as
usual, with LTOT in case of clinically stable patients with a
PaO2 <8.0 kPa as indicated according to the Dutch Guideline.16

Nocturnal NIV was started by a highly experienced nurse
practitioner from the nearest home mechanical ventilation
centre who visited the hospital where the patient was admitted.
NIV was initiated by bi-level positive airway pressure in the
spontaneous/timed mode (Synchrony, Respironics, INC,
Murrysville, Pennsylvania, USA) starting with a low back up fre-
quency of 12/min with the aim to: (1) maximally support respir-
ation and (2) and achieve normocapnia. NIV was initiated with
an inspiratory positive airway pressure (IPAP) of 14 cm H2O
and gradually increased during trials to a maximal tolerated
level. Expiratory positive airway pressure (EPAP) was started at
4 cm H2O and increased if auto-PEEP was present or when
patients used respiratory muscles to trigger the ventilator.
Respiratory rate (RR) was set as close as possible to the RR of
the patient, with adjustments if the patient triggered too much.
Inspiration to expiration time was 1:3, with a short rise time
and then titrated on comfort and effectiveness. All patients were
initially given ventilation by means of a full-face mask and
humidification to maximise comfort. Effectiveness with NIV
during the night was observed by monitoring the transcutaneous
O2 saturation and PCO2 (PtCO2) with the TOSCA device
(TOSCA 500, Linde Medical Sensors AG, Basel, Switzerland).17

Adherence to NIV was derived from time counters in the NIV
device.

Measurements
At baseline, arterial and lung function measurements were per-
formed just before randomisation. Baseline HRQL was assessed
after randomisation while transcutaneous measurements were

performed during the night after patients were adjusted to NIV
but before discharge of the initial admission for ARF. Lung
function and arterial blood gas measurements were repeated
after 3, 6 and 12 months during visits to their regular pulmonol-
ogist. Arterial blood gases were taken while breathing room air;
however, when patients were unable to stop oxygen therapy
even for short periods, measurements were taken with their
usual oxygen flow rate. The nurse practitioner also visited all
patients at home after 3, 6 and 12 months to collect survival,
admission and exacerbation rates, HRQL and transcutaneous
measurements, and if necessary to adjust NIV.

The long recruitment period enabled us to extend survival
follow-up beyond 12 months to maximally 68 months for the
first patients who entered the study.

HRQL was assessed by the Clinical COPD Questionnaire
(CCQ),18 the Maugeri Respiratory Failure Questionnaire-28
(MRF-28),19 the Chronic Respiratory Questionnaire (CRQ) self-
reported 20 and the Severe Respiratory Insufficiency (SRI) ques-
tionnaire.21 We also measured mood state (Hospital Anxiety
and Depression scale),22 daily activity level (Groningen Activity
and Restriction Scale)23 and dyspnoea (Medical Research
Council).24

Sample size calculations
Time to event (readmission for respiratory cause or death) as
primary outcome was used to determine the sample size based
on the assumption of an event-free survival of 20% in the stand-
ard treatment group5 after 12 months and 40% in the NIV
group. With an α of 0.05 and a power of 80%, we needed 174
patients to detect the 20% difference in event-free survival
between groups. Estimating a maximum dropout rate of 15%,
200 patients were needed.

Statistical analysis
The primary outcome and survival analysis were based on
intention-to-treat (ITT) using Kaplan–Meier estimates and the
log-rank test. A complete case analysis was performed for the
remaining secondary outcomes comparing data of the patients
who completed the 12 months (completers) as the number of
dropouts was considerable due to progression of the disease and
reluctance to adhere to study requirements. Arterial blood gas
measurements could not always be performed under similar
conditions for every patient. Therefore, data were analysed in
two ways; first regardless of oxygen use or the amount of
oxygen and second only comparing baseline and 12 month data
when either the measurements were both on room air or both
on oxygen at the same flow rate (also see online supplementary
file).

As not all patients were compliant to NIV, either not using it
every night or refusing treatment altogether, a per protocol ana-
lysis comparing patients in the NIV group who used ventilation
>5 h/night with standard treatment was conducted based on
results of a recent meta-analysis showing positive effects on
change in arterial blood gasses in this subgroup.25 All statistical
calculations were performed using IBM SPSS Statistics V.20
(IBM, New York, USA).

RESULTS
Patients
In all, 201 patients met eligibility criteria, 101 were randomised
to NIV and 100 to standard treatment (figure 1). At baseline,
patient characteristics and demographics did not differ signifi-
cantly between treatment groups for ITT as well as the comple-
ters (table 1) except for the total number of admission days in
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Figure 1 CONSORT flow diagram. Early dropouts: When patients refused or were not able to continue the protocol (either NIV or standard
treatment) within 10 days after inclusion. Completers: number of patients included in the complete case analysis. Four patients classified as dropouts
crossed from standard therapy over to the NIV treatment during the study. ITT: number of patients included in the intention-to-treat analysis; n,
numbers for analysis; †n, number of patients who died within the dropouts; NIV, non-invasive positive pressure ventilation; p-p, included in the per
protocol analysis of patients who used ventilation >5 h/night.

Table 1 Baseline characteristics

ITT NIV n=101 ITT controls n=100 Completers NIV n=54 Completers controls n=54

Age (years) 63.92 (8.6) 63.5 (7.9) 61.9 (7.9) 62.3 (7.9)
Gender, n (% female) 60 (59%) 58 (58%) 36 (67%) 34 (63%)
Pack years* 38 (0–140) 44 (0–125) 38 (0–125) 38 (0–125)
BMI (kg/m2) 24.6 (5.4) 24.8 (6.3) 24.7 (5.5) 24.2 (5.3)
LTOT, n (%) 76 (75%) 78 (78%) 38 (70%) 37 (69%)
Invasive, n (%)† 13 (13%) 12 (12%) 7 (13%) 10 (19%)
Duration ventilation*‡ (days) 5.0 (1–19) 5.0 (1–24) 5.5 (2–19) 5.0 (1–23)
Admissions* (year−1) 2.0 (1–9) 2.0 (1–10) 2.0 (1–9) 1.0 (1–6)
Total admission days/patient* (year−1) 28.5 (8–108) 22.0 (6–115)§ 29.0 (8–100) 20.0 (7–115)§
Rehabilitation, n (%) 50 (50%) 51 (51%) 25 (46%) 30 (56%)
FEV1 (L) 0.67 (0.23) 0.65 (0.23) 0.70 (0.24) 0.70 (0.25)
FEV1 (% pred) 25.6 (7.8) 25.7 (8.6) 26.9 (7.7) 27.6 (8.6)
FVC (% pred) 64.3 (19.8) 63.6 (17.0) 65.7 (18.4) 67.8 (17.1)
FEV1 to FVC (%) 32.5 (9.0) 33.0 (9.5) 33.9 (9.6) 33.8 (9.7)
PaCO2¶ (kPa) 7.9 (1.2) 7.7 (1.3) 8.0 (1.2) 7.5 (1.0)
PaO2¶ (kPa) 7.9 (2.1) 7.5 (1.7) 8.3 (1.6) 7.9 (1.8)
Medication, n (%)

Inhaled corticosteroid 86 (85%) 84 (84%) 43 (81%) 48 (89%)
Oral corticosteroids 53 (53%) 38 (38%) 27 (50%) 17 (32%)
Beta agonists 98 (97%) 97 (97%) 52 (98%) 53 (98%)
Anticholinergics 94 (93%) 94 (94%) 49 (93%) 52 (96%)
Theophylline 37 (37%) 27 (27%) 20 (38%) 16 (30%)

Data presented as mean (SD) unless otherwise stated.
*Pack years, duration ventilation and admissions for respiratory causes including index admission in median (range).
†Invasive ventilation during acute respiratory failure. Other patients received NIV.
‡Ventilation during acute respiratory failure of index admission.
§p<0.05 significant difference compared with NIV.
¶While breathing room air (in both groups blood samples from 21 patients were taken with oxygen as they were not able to come of oxygen).
% pred, % predicted; BMI, body mass index; Controls, standard treatment; ITT, intention-to-treat; LTOT, long-term oxygen therapy; n, numbers for analysis; NIV, non-invasive positive
pressure ventilation; PaCO2, arterial carbon dioxide pressure; PaO2, arterial oxygen pressure.
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the previous year. Reasons for dropping-out of the study are
listed in the online supplementary table S1. Four patients classi-
fied as dropouts crossed from standard treatment over to the
NIV treatment during the study. They remained in the standard
treatment group for all ITTanalyses.

NIV settings+treatment adherence
Patients randomised for NIV were discharged with a mean±SD
IPAP of 19.2±3.4 and EPAP of 4.8±1.0 cm H2O, respectively,
mean RR on NIV of 15±3 breaths/minute, an inspiration time
of 1.1±0.3 s and a rise time of 0.2±0.11 s. Settings were not
different between the completers and the dropouts. Overall,
68% received oxygen combined with NIV during the night.
Nearly all patients were ventilated through a full-face mask, one
using a total face mask. Minor adjustments were made during
the study to improve adherence, blood gasses and/or comfort.
After 1 year, the remaining 54 patients were ventilated with a
mean IPAP of 21.0±3.4 and an EPAP of 5.2±1.2 cm H2O. Two
additional patients switched to a total face mask.

Mean duration of NIV use per night until death or last
follow-up was 6.3±2.4 h/night in the total group and 6.9±2.1
in the completers. Patients included in the per protocol analysis
(NIV >5 h) reached an average of 7.7±1.5 h/night (n=43).

Time to event
One year after discharge, 65% versus 64% of patients (NIV vs
standard treatment) were either readmitted to hospital for
COPD or had died. Figure 2 shows the ITT event-free survival
of both groups in the first year, which was not significantly dif-
ferent (mean number of days to event was 192 and 198 for the
NIV and standard treatment groups, respectively, p=0.85).

Hospital admissions
After 1 year, readmission to hospital for respiratory causes
occurred in 56% versus 57% in the NIV and the standard treat-
ment groups, respectively. The median (range) number of read-
missions during the 12 months of follow-up did not differ

significantly between groups (1.0 (0–9) in NIV vs 1.0 (0–6) in
the standard treatment group p=0.23) nor did the median
number of total days spent in hospital (7.0 (0–107) in NIV vs
3.5 (0–77) for standard treatment) (p=0.087)).

Survival
The number of deaths after 1 year was 30 and 29 in the NIVand
standard treatment groups, respectively, with a mean number of
survival days of 299 for NIVand 291 days for the standard treat-
ment group (p=0.99) (see online supplementary table S2).
Long-term survival is shown in figure 3, with 63 deaths in the
NIV group versus 58 in the standard treatment group.

Exacerbations
No difference was observed between the annual median (range)
number of exacerbations at home: 1.0 (0–9) for the NIV and
2.0 (0–14) for the standard treatment group (p=0.26).

Daytime arterial blood gases
After 12 months, daytime PaCO2 improved significantly more in
the NIV group compared with standard treatment (table 2,
figure 4).

Nocturnal gas exchange measurements
The mean nocturnal PtcCO2 measured during the night before
discharge out of hospital in the ITT group was significantly better
in patients on NIV compared with standard treatment (mean dif-
ference −0.8 kPa (95% CI −1.3 to −0.4; p<0.01)). In the comple-
ters, this effect was not found at baseline but was present after
12 months; mean nocturnal PtcCO2 was significantly better in the
NIV group compared with standard treatment (mean difference
−0.6 kPa (95% CI −1.1 to −0.1; p=0.03)).

Figure 2 Kaplan–Meier plot of time to event (readmission for
respiratory cause or death) in patients randomised to non-invasive
positive pressure ventilation (NIV) and standard treatment.

Figure 3 Kaplan–Meier plot of long-term survival curves of patients
randomised to non-invasive positive pressure ventilation (NIV) and
standard treatment. Because of small numbers of patients followed up
after 3 years, the right-hand end of the survival plots remains
uncertain.
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Lung function
Mean FEV1 and vital capacity did not change significantly after
12 months within the NIV group or standard treatment group
nor was there a significant change between groups (table 3).

Health-related quality-of-life
HRQL, activities of daily living, anxiety/depression scores and
dyspnoea improved in both groups but there was no significant
difference between the groups (table 4 and see online supple-
mentary tables S3–S7). HRQL measured by the SRI total score
showed a clear trend (p=0.054) with additionally significant
differences between groups on the subdomains ‘attendant symp-
toms and sleep’ and ‘social relationships’ in favour of the NIV
group (see online supplementary file).

Per protocol analysis
All results were similar in the per protocol analysis comparing
patients with NIV>5 h/night with standard treatment.

DISCUSSION
Thus far, this is the largest randomised, controlled multicentre
study reporting on the effects of NIV in COPD patients with
prolonged hypercapnia after an episode of NIV for ARF. It
showed that nocturnal NIV does not prolong the time to
readmission for respiratory causes or death in COPD patients
who remain hypercapnic after ventilatory support during ARF.
Compared with standard treatment alone, NIV improves

daytime PaCO2 and nocturnal transcutaneous PCO2 but does
not improve survival, number of respiratory readmissions,
exacerbations, lung function, HRQL, mood state, daily activity
levels or dyspnoea.

In this large study, the design was practical and executed as in
‘real-life’, which make outcomes more broadly applicable
(patients remained in their own hospital and blood gas and lung
function measurements were performed during their regular
visits to their own pulmonologist), but does make it difficult to
compare our outcomes with previous studies in this field and
therefore necessitates further discussion and comparison.

First, Funk et al14 reported positive results in an RCT includ-
ing similar patients (COPD patients remaining hypercapnic after
ARF requiring mechanical ventilation), showing a higher prob-
ability of clinical worsening in the control (withdrawal) group
compared with the NIV group. A crucial difference in trial
designs is that all patients first received NIV for 6 months after
which one group was randomised to stop NIV (withdrawal
group). Clinical worsening was defined as (1) an intensive care
unit admission for treatment of acute-on-chronic respiratory
failure requiring mechanical ventilation, but for the withdrawal
group escalation additionally comprised of (2) voluntary
resumption of NIV due to severe dyspnoea and (3) re-institution
of NIV due to progressive hypercapnia. A pitfall of this
approach was that, as the authors also note themselves, by defin-
ition the achievable endpoints depended on the group allocation
of the patient as the NIV group could only qualify for the first

Table 2 Changes in daytime arterial blood gases

ITT
baseline n

Completers
baseline n

Completers
12 months n

Change over
1 year* n

Change over 1 year
similar circumstances† n

pH
NIV 7.38±0.04 93 7.38±0.04 46 7.40±0.04 46 0.026 (0.010 to 0.042)‡ 46 0.022 (0.005 to 0.039)‡ 37
Controls 7.39±0.04 99 7.39±0.04 48 7.39±0.03 48 −0.005 (−0.016 to 0.006) 48 −0.005 (−0.020 to 0.010) 37

Treatment effect 0.03 (0.012 to 0.050)§ 0.030 (0.005 to 0.050)§
PaCO2 (kPa)
NIV 7.9±1.2 100 7.7±1.1 50 6.4±1.0 50 −1.3 (−1.6 to −0.9)‡ 50 −1.0 (−1.4 to −0.7)‡ 38
Controls 7.7±1.3 99 7.4±0.9 48 6.6±1.0 48 −0.8 (−1.1 to −0.5)‡ 48 −0.9 (−1.2 to −0.5)‡ 37

Treatment effect −0.5 (−0.9 to −0.04)§ −0.2 (−0.6 to 0.3)
PaO2 (kPa)
NIV 7.9±2.1 93 8.3±1.6 45 8.3±1.6 45 0 (−0.6 to 0.6) 45 0.3 (−0.3 to 0.9) 35
Controls 7.5±1.6 99 7.9±1.9 48 8.4±1.4 48 0.6 (−0.1 to 1.2) 48 0.6 (−0.1 to 1.3) 37

Treatment effect 0.6 (−1.4 to 0.2) −0.3 (−1.2 to 0.6)
HCO3 (mmol/L)
NIV 33.7±4.6 94 33.0±4.5 47 29.3±3.5 47 −3.7 (−5.2 to −2.1)‡ 47 −3.0 (−4.8 to −1.2)‡ 36
Controls 33.6±4.8 98 32.6±4.1 48 28.8±4.2 48 −3.8 (−5.0 to −2.6)‡ 48 −4.1 (−5.5 to −2.7)‡ 37

Treatment effect 0.1 (−1.8 to 2.1) 1.0 (−1.2 to 3.3)
BE
NIV 7.8±4.8 90 7.0±3.2 38 4.5±2.5 38 −2.5 (−3.6 to −1.3)‡ 38 −2.2 (−3.4 to −0.9)‡ 31
Controls 7.7±3.8 93 6.9±3.2 44 3.9±3.2 44 −2.9 (−4.0 to −1.8)‡ 44 −3.2 (−1.8 to −4.5)‡ 35

Treatment effect 0.5 (−1.1 to 2.0) 1.0 (−0.8 to 2.8)
Sat (%)
NIV 87.4±6.4 95 90.0±4.4 43 91.0±5.1 43 1.1 (−0.9 to 3.0) 43 2.2 (0.2 to 4.2)‡ 34
Controls 88.4±6.6 88 88.4±6.1 43 91.1±4.8 43 2.7 (0.5 to 5.0)‡ 43 2.7 (−0.03 to 5.5) 33

Treatment effect −1.6 (−4.6 to 1.3) −0.5 (−3.9 to 2.8)

Data presented as means (±SD) and mean change (95% CIs); controls, standard treatment.
*Measurement performed regardless of oxygen use.
†Only comparing baseline and 12-month data when the measurements were both on room air or both on oxygen at the same flow rate. N=37 (out of 38 NIV) and n=35 (out of 37
controls) for which both measurements were performed on room air.
‡p<0.05 significant change after 12 months within the group.
§p<0.05 significant difference in change after 12 months between the groups (treatment effect).
BE, base excess; HCO3, bicarbonate (mmol/L); ITT, intention-to-treat; n, numbers for analysis; NIV, non-invasive positive pressure ventilation; PaCO2, arterial carbon dioxide pressure
(kPa); PaO2, arterial oxygen pressure (kPa); Sat, saturation (%).
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endpoint. Results after 12 months follow-up showed that 10
patients in the withdrawal group versus two in the NIV group
experienced clinical worsening (p=0.0018). But upon looking
more closely and, comparing only the endpoint which was
achievable for both groups, only three out of the initial 10
patients in the withdrawal group (vs two) were admitted to the
ICU for acute-on-chronic respiratory failure. Other positive out-
comes in favour of NIV were a significant difference in 6-min
walking distance after 3 months and a slightly lower resting
daytime pH in the withdrawal group after 12 months. Our data
show a higher daytime pH in the NIV group, but we did not
consider this improvement clinically relevant (as patients were

not acidic at baseline). We could not perform the 6-min walking
test since most patients were too weak to perform this test
adequately and safely, raising ethical concerns.

Second, in a randomised pilot trial by Cheung and collea-
gues6 with similar inclusion criteria as in our study, chronic
home NIV was compared with placebo NIV (CPAP of 5 cm
H2O). In this study, primary outcome was recurrent severe
COPD exacerbation with acute hypercapnic respiratory failure
(AHRF), resulting in NIV, intubation or death within the follow-
ing year. The proportion of patients developing this condition
in 1 year was 38.5% in the NIV versus 60.2% in the placebo
group (p=0.039). Compared with our study, these patients

Figure 4 Daytime PaCO2 and PaO2
at baseline, 3, 6 and 12 months
(means±SD). Measurements performed
in complete case group (n=54 per
group) regardless of oxygen use. NIV,
non-invasive positive pressure
ventilation; PaCO2, arterial carbon
dioxide pressure (kPa); PaO2, arterial
oxygen pressure (kPa). *Change in
PaCO2 was significantly better in the
NIV group after 12 months (p<0.05).

Table 3 Changes in lung function

ITT baseline n Completers baseline n Completers 12 months n Change over 1 year n

FEV1 (litres)
NIV 0.67 (0.23) 99 0.70 (0.24) 48 0.71 (0.30) 48 0.01 (−0.05 to 0.08) 48
Controls 0.65 (0.23) 95 0.72 (0.26) 46 0.76 (0.32) 46 0.04 (−0.03 to 0.11) 46

Treatment effect −0.024 (−0.12 to 0.07)
VC (litres)
NIV 2.1 (0.7) 98 2.1 (0.70) 49 2.2 (0.78) 49 0.09 (−0.09 to 0.27) 49
Controls 2.3 (0.8) 95 2.3 (0.75) 46 2.4 (0.74) 46 0.13 (−0.08 to 0.34) 46

Treatment effect −0.036 (−0.31 to 0.23)

Data presented as means (±SD) and mean change (95% CIs); controls, standard treatment. There were no significant changes after 12 months in lung function within or between the
groups.
FEV1, forced expiratory volume in one second, postbronchodilator; ITT, intention-to-treat; n, numbers for analysis; NIV, non-invasive positive pressure ventilation; VC, vital capacity.
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were older (mean age 70) and had a lower mean BMI (19.2)
suggesting a group of patients in worse condition than in the
present study. The authors point out that ethical concerns led
them to be prudent and to act upon severe enough exacerba-
tions by instituting NIV, which could indicate a bias towards
earlier conversion to NIV in the CPAP group and a possible
explanation for the difference in proportions between groups.
Furthermore, this trial did not find a difference in survival,
arterial blood gasses and adverse events between groups.

Third, our power analysis was based on the study by Chu
et al5 who found that 80% of COPD patients with AHRF who
were successfully treated by NIV were readmitted to hospital
for respiratory problems within the following year. Our primary
outcome consisted of readmission for respiratory causes but also
death, probably leading to higher percentages of patients in
which ‘the event’ would occur. Ideally, it would be more appro-
priate to power on pilot data from our own country or a similar
European Healthcare system but as this was the only study at
that time we had to work with these numbers. We hypothesised
that in our study, the NIV group would have a 20% lower
prevalence of readmission for respiratory causes than the stand-
ard treatment group (ie, 60% prevalence of readmission).
However, our study shows a much lower prevalence of readmis-
sion in both the NIV and the standard treatment groups (56%

and 57%, respectively). A possible explanation could be that
patients recruited in the study by Chu et al5 were older (mean
age 73.2) and had a lower BMI (20.2), indicating a worse phys-
ical condition. Our results do show similarities with a Spanish
study26 which was published during our inclusion phase, report-
ing readmission rates of 66% due to respiratory complications
in COPD patients who survived an acute exacerbation with ARF
that required NIV.

As patients were included during an admission for ARF, we
anticipated blood gasses to improve in the first months after dis-
charge from hospital in both groups. Although PaCO2 was better
in the NIV group after 12 months, we did not expect to see the
same level of improvement in PaCO2 in the standard treatment
group in the first 3 months (figure 4). If we assume that the
improvement in the control group is the natural recovery of the
disease, one might conclude that the included patients might not
be the right target group for chronic NIV. The patients in this trial
are possibly a mixed cohort of acute-on-chronic respiratory failure
and ARF, and therefore a subgroup analysis might be interesting.
However, the hypothesis tested in this study is still legitimate as
hypercapnia persisting postexacerbation is an increasingly
common reason for initiation of NIV in patients with COPD.

Another possible subgroup analyses for the future concerns
the need for supplementary oxygen. This subgroup is likely to

Table 4 Changes in health-related quality-of-life (HRQL) measurements

ITT baseline n Completers baseline n Completers 12 months n Change over 1 year n

CCQ-Total
NIV 3.37±1.2 96 3.4±1.2 48 2.9±1.1 48 −0.5 (−0.2 to −0.8) * 48
Controls 3.31±1.06 90 3.2±1.0 51 2.8±1.1 51 −0.5 (−0.8 to −0.1) * 51

Treatment effect −0.04 (−0.5 to 0.4)
MRF-28-Total
NIV 60.88±23.60 99 58.3±24.3 50 51.0±24.8 50 −7.3 (−12.5 to 2.1) * 50
Controls 60.28±23.89 90 55.3±24.2 51 49.4±24.2 51 −5.8 (−10.8 to −0.8)* 51

Treatment effect −1.5 (−8.6 to 5.7)
CRQ-Total
NIV 3.47±1.10 100 3.5±1.1 50 4.2±1.2 50 0.7 (0.4 to 1.1)* 50
Controls 3.59±1.08 89 3.6±1.1 50 4.4±1.1 50 0.7 (0.5 to 1.0)* 50

Treatment effect 0.01 (−0.4 to 0.4)
SRI-Total
NIV 48.14±14.97 100 47.9±15.1 50 55.0±15.4 50 7.0 (3.4 to 10.7)* 50
Controls 51.33±15.87 90 53.6±16.9 51 55.8±16.3 51 2.2 (−1.2 to 5.6) 51

Treatment effect 4.8 (−0.1 to 9.7)
GARS-Total
NIV 36.66±7.50 100 36.3±9.4 50 34.6± 9.4 50 −1.6 (−3.3 to 0.1) 50
Controls 36.76±8.54 90 34.7±8.8 51 32.7±8.2 51 −2.0 (−4.1 to 0.1) 51

Treatment effect 0.4 (−2.3 to 3.0)
HADS-Total
NIV 15.88±9.24 98 15.6±8.8 48 13.9±8.8 48 −1.7 (−4.0 to 0.6) 48
Controls 14.48±8.83 87 13.1±9.1 50 12.7±9.3 50 −0.4 (−2.2 to 1.3) 50

Treatment effect −1.3 (−4.1 to 1.6)
MRC

NIV 3.9±1.0 98 3.8±1.0 49 3.4±1.4 49 −0.4 (−0.7 to −0.01)* 49
Controls 3.8±1.0 90 3.6±1.1 51 3.3±1.2 51 −0.3 (−0.7 to 0.1) 51

Treatment effect −0.05 (−0.6 to 0.5)

Data presented as means (±SD) and mean change (95% CIs).
Scores represent: CCQ and MRF-28↓=HRQL↑; CRQ and SRI↑=HRQL↑; GARS↓=ADL↑; HADS↓=mood↑; MRC↓=dyspnoea↓.
*p<0.05 significant change after 12 months within the group. There was no significant difference in change after 12 months between the groups (treatment effect).
CCQ, Clinical COPD Questionnaire; Controls, standard treatment; CRQ, Chronic Respiratory Questionnaire; GARS; Groningen Activity and Restriction Scale; HADS, Hospital Anxiety and
Depression Scale (separate scores for anxiety and depression domain); ITT, intention-to-treat; MRC, Medical Research Council dyspnoea scale; MRF-28, Maugeri Respiratory Failure
Questionnaire-28; n, numbers for analysis; NIV, non-invasive positive pressure ventilation; SRI, Severe Respiratory Insufficiency questionnaire.
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indicate a more severe disease state and this would be a group
expected to have greater therapeutic benefit with chronic NIV.

In a subgroup analysis from a recent meta-analysis on the
effects of NIV in stable COPD,25 a significant change in
PaCO2 after 3 months within the NIV group was found for
patients with a baseline PaCO2 of at least 7.3 kPa (55 mm Hg)
for patients who used NIV for at least 5 h per night as well as
for patients ventilated with IPAP levels of at least 18 cm H2O,
when compared with patients with lower IPAP levels, lower
adherence or lower levels of hypercapnia. In the current study,
baseline PaCO2 and change in PaCO2 after 12 months of venti-
lation were significantly correlated (r=−0.6, p<0.001). Levels
of IPAP and the number of hours of NIV/night were not corre-
lated with change in PaCO2 (data not shown). Our data show
that 26% of all patients in the standard treatment group had
become eucapnic after 3 months time. If we extrapolate this
number to the NIV group, this proportion of patients is less
likely to benefit from chronic NIV. This failure to demonstrate
a dose-response in number of hours and change in PaCO2 is
therefore likely due to the ‘dilution’ of the prolonged hyper-
capnic patient cohort by patients who recover and improve
and become eucapnic over a longer timeframe (>48 h in the
current trial) after an acute decompensated exacerbation, that
is, patients who did not have acute-on-chronic respiratory
failure but AHRF. Possibly, in future studies, selection of
patients should be based on the level of hypercapnia after
3 months of recovering at home, before initiating home NIV.
However, data from within the EU have demonstrated the high
mortality of this patient group in the months following an AE
requiring ventilatory support and although this trial may have
evaluated patients too earlier the optimum timing remains to
be proven.27

A limitation in our study was our inability to obtain blood
gasses on patient’s standard oxygen level as patients were reluc-
tant to undergo testing twice. Although our aim was to only
obtain samples on room air, a portion of patients refused to
stop their oxygen, making comparison of data difficult.
Nevertheless, patients on NIV were adequately ventilated during
the night as their mean nocturnal PtcCO2 was significantly
better compared with standard treatment.

In an RCT on NIV in stable COPD, Clini et al12 did not find
a difference in PaCO2 between NIV and the control group
(LTOT) during room air breathing whereas they did show a sig-
nificant difference when measured on patients’ usual oxygen
regimen.

Also, long-term oral corticosteroid treatment is suggested to
negatively impact on readmission rates and outcome. Since NIV
patients more frequently received oral corticosteroids (ITT 53%
vs 38%) this could also have affected the results.

The fact that we were able to obtain extensive data on HRQL
is unique. During our study, we published an article28 in which
reliability and validity of the CCQ, CRQ, MRF-28 and SRI
questionnaires were assessed and compared from our patients at
baseline. Although, all four questionnaires were feasible in these
types of patients, the SRI scored tested most appropriate. This is
reflected in our data after 12 months which show a clear trend
towards improved HRQL as measured by the SRI total score.
Two out of the seven subdomains were significantly improved in
the NIV group compared with standard treatment. The very
opposite was reported in the RCT by McEvoy et al13 who
demonstrated a survival advantage of chronic NIV in hypercap-
nic stable COPD but accompanied by a deterioration in HRQL
(measured by the more general St. Georges Respiratory
Questionnaire). We believe this emphasises the need to

consistently use severity-specific HRQL questionnaires like the
SRI and MRF-28 to further explore the possible benefits of NIV
in future research, for instance, the supportive role of NIV in
advanced care planning also.

CONCLUSIONS
We could not demonstrate an improvement in time to readmis-
sion or death by adding NIV for 1 year in COPD patients who
remained hypercapnic after an episode of NIV for ARF. There is
no reason to believe the NIV was not effective since daytime
PaCO2 and night-time PCO2 improved. The trend for improve-
ment in HRQL favouring NIV we believe nevertheless should
be explored further.
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