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Abstract
Objective: older patients usually receive less invasive and costly hospital care, even if they meet the criteria for Intensive
Care Unit admission or have a ‘do not intubate’(DNI) order. The aim of this randomised, controlled trial was to assess the
effectiveness of non-invasive mechanical ventilation (NIV) versus the standard medical therapy (SMT) in reducing the need
of intubation, improving survival and reducing respiratory distress in very old patients with acute hypercapnic respiratory
failure (AHRF).
Participants and design: eighty-two patients aged >75 years (mean age 81.3 ± 3.5 years) were randomised to receive NIV
or SMT.
Settings: three respiratory units.
Measurements: the primary outcome was the rate of meeting the endotracheal intubation (ETI) criteria. Secondary outcomes were the mortality rate, the respiratory rate, dyspnoea score, arterial blood gases.
Results: the rate of meeting the ETI criteria was lower in the NIV group compared with the SMT group (7.3 versus
63.4%, respectively; P < 0.001), as was the mortality rate [(odds ratios) OR = 0.40; 95% CI: 0.19–0.83; P = 0.014]. Twentytwo of 41 SMT patients with DNI orders received NIV as a rescue therapy. The mortality rate in this subgroup was comparable with the NIV group and signiﬁcantly lower compared with patients receiving ETI (OR = 0.60, 95% CI: 0.18–1.92
versus 4.03, 95% CI: 2.35–6.94, respectively; P = 0.009). Arterial blood gases, respiratory rate and dyspnoea improved signiﬁcantly faster with NIV than with SMT.
Conclusions: compared with SMT, NIV decreased the rate of meeting the ETI criteria and the mortality rate of very old
patients with AHRF. NIV should be offered as an alternative to patients considered poor candidates for intubation and
those with a DNI order.
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Introduction
With increased life-expectancy, living to an advanced age is
common [1]. Although it has been demonstrated that the
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inhospital mortality is similar in old and younger patients
admitted to an Intensive Care Unit (ICU) [2], older patients
usually receive less invasive and costly hospital care, even
after adjustment for the severity of their illness [3]. Because
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Material and methods
A two-group, parallel, randomised, controlled trial was
carried out in patients with known chronic pulmonary
disease who developed AHRF. For the purpose of this
study, admission criteria to the respiratory critical care unit
(RCCU) were standardised. All patients aged over 75 who
were admitted to any of three RCCUs (Pavia and Gaiato,
Italy, Locarno and Bellinzona, Switzerland) because of an
acute exacerbation of their respiratory disease were eligible
for this study, regardless of whether they had a DNI order.
In Switzerland, end-of-life decisions are part of clinical practice, rather, lacking a speciﬁc law, putting into practice DNI
orders varies in Italy, but it was common practice in the
centres participating in this study to ask the patients to sign
a written consent about their willingness to be or not to be
intubated or resuscitated when or if eventually required.
Eighty-two patients diagnosed with chronic pulmonary
disease on the basis of the clinical history, physical examination, chest X-ray and pulmonary function tests (if available) were included in the study.
The protocol was approved by each hospital’s Ethics
Committee. All the patients but 4, whose consent was
given by the next of the kin, gave written informed consent
to the study. This number is in keeping with most of the
studies published in the ﬁeld of AHRF [11–22].

Clinical variables

Inclusion criteria were all of the following: pH < 7.35,
PaCO2 > 5.99 KPa, PaO2 < 7.33 KPa, respiratory rate
>20 breaths/min, severe dyspnoea (Borg >5).
Measurements were performed while patients were breathing room air to avoid any effect of oxygen supplementation
on pH. All the patients tolerated the procedure well since
their PaO2/FiO2 ratio was, on average, above 200.
Exclusion criteria were de-compensated cardiac disease and
other serious co-morbidities. All the patients ﬁrst underwent SMT lasting 94 ± 11 min before randomisation.
Primary outcome

The primary outcome was the decrease in the rate of
meeting the ETI criteria in patients receiving NIV. The
presence of one major criterion or two minor criteria after
1 h from randomisation was considered indicative of the
need for intubation.
The major criteria were [13]: no improvement in pH (i.e.
<0.01 at 1 and 3 h from randomisation in the presence of
a pH ≤ 7.30) or worsening in pH after 1 h if pH ≤ 7.32;
PaO2 less than 5.99 KPa despite oxygen supplementation;
deterioration of one or more points in the score of Kelly’s
neurological scale [23]; respiratory arrest; loss of consciousness; haemodynamic instability and loss of alertness.
Minor criteria were: dyspnoea >5 on the Borg scale; respiratory rate >35 breaths/min and the presence of a weak
cough reﬂex with accumulation of secretions.
Criteria for starting NIV as a rescue therapy were the
same as those needed for ETI, with the exclusion of respiratory arrest, loss of consciousness, haemodynamic instability and a pH < 7.20.
Secondary outcomes

As secondary outcomes we considered the following:
changes in ABGs at 1 and 3 h from randomisation, the
neurological score, the dyspnoea score and the respiratory
rate recorded at the time of measuring the ABGs. We also
recorded the 6 and 12-month mortality rate both by checking the hospital records or by telephone interviews.
The presence of co-morbidities was assessed using the
Charlson index [24], the consciousness level using the Kelly
scale [23], while the McCabe score was used to estimate the
probability of survival [25].
Sample size and randomisation

Considering the primary outcome (ETI), we expected a
35% failure rate in the SMT group, based on the frequencies reported in previous randomised controlled trials performed in younger patients, and a 10% failure rate in the
NIV group [26]. Thus, given a power of 80% with an α
error of 5%, to detect the expected difference of 25%
between the two groups in the rate of meeting the ETI criteria, we had to enrol 40 patients per group [27].
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of the increasing prevalence of chronic respiratory disorders, the number of elderly patients meeting the criteria
for mechanical ventilation is likely to increase [4, 5].
Given that the decision on whether to ventilate patients
with chronic pulmonary diseases depends on the clinician’s
assessment and prognosis, [6] some patients, who might otherwise survive, are being denied mechanical ventilation because
of unwarranted prognostic pessimism [7]. Another issue is that
all the studies performed to assess the prognosis of older
patients requiring mechanical ventilation excluded patients
with a ‘do-not-intubate’(DNI) order [8–10]. Non-invasive
mechanical ventilation (NIV) is an alternative to intubation
and ICU admission since it can be safely applied even outside
a ‘protected’ environment provided that the patient’s acidosis
is not too severe. A small observational study suggested that
NIV could be a successful treatment for acute respiratory
failure in patients over 75 [11] in whom intubation was
contro-indicated. However, this result was not conﬁrmed by
subsequent NIV trials because, on average, much younger
patients were enrolled [12–22]. In the present, prospective,
multicentre, randomised study, we compared the effect of NIV
with that of the standard medical therapy (SMT) in reducing
the rate of meeting the endotracheal intubation (ETI) criteria
in old patients with acute hypercapnic respiratory failure
(AHRF). Secondary outcomes were the mortality rates of the
NIV and SMT groups, the proportion of patients in whom
NIV was used as rescue therapy, the changes in some physiological parameters including dyspnoea, arterial blood gases
(ABGs), respiratory rate and neurological status.
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Statistical analysis

Results are given as the mean ± standard deviation. All statistical tests were two-sided, P-values of less than 0.05 were
considered statistically signiﬁcant, and intention-to-treat
procedure was taken on in data analysis.
Groups were compared by means of one-way ANOVA
when data were normally distributed , and the Mann–
Whitney and the Wilcoxon tests where used when data was
evenly distributed. Frequency distributions were compared
with the Chi-square test.
Since most of the patients in the SMT group who met
the criteria for ETI had a DNI order and NIV was used as
a rescue treatment, two discrete-time survival analysis [29,
30] models were ﬁtted to analyse mortality rate at 6 and 12
months:
• the mortality rate according to the randomised treatment
(i.e. NIV and SMT);
• the mortality rate according to the use of NIV or ETI as
rescue treatments, after adjustment for randomisation
group. A logistical function to relate the discrete time

Figure 1. Trial proﬁle.
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hazard probabilities to the explanatory (treatment) variables was used, and maximum likelihood estimates (MLE)
of model parameters (=odds ratios, OR), 95% conﬁdence
intervals (95% CI) and P-values of the likelihood ratio
test (LRT) from the output were reported.
Data analysis and discrete-time survival modelling were
performed using the SPSS software (version 15.0), and the
Mplus software (version 5.2), respectively.

Results
Figure 1 illustrates the patients ﬂow through the study. We
found that our randomisation was successful since no
relationship between outcomes and positions on the randomisation block was found, using the Berger–Exner test
(P = 0.254).
Patients’ characteristics

The characteristics of the patients in the two groups are
shown in Table 1.
NIV was delivered for an average of 12.7 ± 2.3 h/day
for 5.7 ± 3.2 days in pressure support mode with a full face
mask, using ventilators speciﬁcally designed for NIV.
Patients received ventilation with a level of pressure support
equal to 16.3 ± 2.2 cm H2O and an external positive
pressure of 4.1 ± 1.1 cm H2O. Pressure support levels were
set according to the patients’ tolerance and to obtain target
an expired tidal volume of 6–8 ml/kg, while the external
positive pressure was always ≤6 cmH20. In both groups,
oxygen supplementation was provided to reach a 90% ≤
SaO2 ≤ 94% (FiO2 range from 25 to 45%).
Primary outcome

As shown in Table 2 upper part, in the NIV group 3 of 41
(7%) patients met the criteria for intubation, whereas 26 of
41 (63%) patients in the SMT group met these criteria (P
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The patients were randomly assigned to one of the two
treatment groups using opaque, sealed, numbered envelopes. We ﬁrst estimated the ‘potential enrolment power’ of
each of the three RCCU, based on their records from the
previous years. We estimated that 10–12 patients aged >75
and affected by AHRF would be enrolled each year in each
recruiting hospital. Therefore, we prepared 36 envelopes
per centre, using 2 blocks of 10, 2 blocks of 6, and 1 block
of 4. The envelopes were kept in the Head Nurses’ ofﬁces
in every RCCU and the nurse on shift was allowed to open
the envelope on request and to communicate the group
assignment to the investigators. The Berger–Exner test
[28], which correlates outcomes with positions on the randomisation block, was employed to rule out any possibility
of a compromised allocation using the sealed envelope
technique.

Non-invasive ventilation in elderly
Table 1. Patients’ characteristics at enrolment
NIV

P-value

Age (years)
BMI (kg/m2)
McCabe score
Kelly score
SAPS II
Sex (M/F)
pH
PaCO2 (KPa)
PaO2/FiO2
Chronic respiratory disorder
COPD
Kscoliosis
Fibrothorax
Other
Number of co-morbidities
(Charlson index)
Do-not-Resuscitate order

81.3 ± 4.8
24.9 ± 5.7
1.3 ± 0.6
1.9 ± 0.9
35.0 ± 13.2
26/15
7.29 ± 0.05
9.16 ± 1.47
238.9 ± 70.1

81.3 ± 4.8
26.6 ± 5.7
1.1 ± 0.6
1.6 ± 0.8
32.0 ± 13.5
28/13
7.30 ± 0.04
8.69 ± 1.57
231.1 ± 54.4

0.98
0.58
0.26
0.11
0.46
0.66
0.11
0.17
0.59

33
3
4
1
0.98 ± 0.7

33
3
5
0
1.02 ± 0.8

0.77

0.78

29/41

33/41

0.81

SAPS II, simplified acute physiological score.

Table 2. Differences for ETI (primary end-point), and the
secondary end-points pH, PaCO2, respiratory rate and Borg
dyspnoea score changes at 1 h after the enrolment, in the
two-arm groups
NIV

SMT

P-value

3/41 (7.3%)
0.04 ± 0.05
−0.91 ± 1.11
−4.1 ± 6.4
−1 ± 1.5

26/41 (63.4%)
−0.006 ± 0.03
0.29 ± 1.13
−0.9 ± 4.1
−0.4 ± 1.2

<0.001
<0.001
<0.001
0.01
0.05

No. of death/no. of alive
Inhospital

6m

12 m

OR (95% CI)b

P-value

11/22a
4/34a

8/14
11/23

1 (reference)
0.40 (0.19–0.83)

0.014c

2/11
13/42a
0/3

5/6
12/30
2/1

1 (reference)
0.60 (0.18–1.92)
4.03 (2.35–6.94)

........................................
Randomised treatment
SMT
6/35
NIV
1/40
Rescue treatment
SMT
1/15
NIV
3/57
ETI
3/3

0.009c

a

Two missing patients at 6 months.
The randomised treatment ORs are ‘marginal’ estimates without adjusting for
rescue treatment; the rescue treatment ORs are ‘conditional’ estimates after
adjusting for randomised treatment.
c
Likelihood ratio test (LRT) evaluating the overall treatment effect.
b

Among the patients who met the criteria for intubation,
21 of 25 in the SMT group and 1 of 3 in the NIV group
had a DNI order, so that NIV was used as rescue therapy
in 21 patients in whom SMT failed and was successful in
17 of these cases.

........................................
ETI
pH
PaCO2 (KPa)
Respiratory rate (b.p.m.)
Dyspnoea score

Data are shown as frequency (%) or mean ± standard deviation.

< 0.001). When patients who suffered from chronic respiratory disorders different from chronic obstructive pulmonary disease were excluded from the statistical analysis the
level of signiﬁcance did not change.
Secondary outcomes
Clinical changes

Table 2 also illustrates the changes in ABGs between enrolment and after 1 h of NIV. Both pH and PaCO2 improved
signiﬁcantly faster in the NIV group (P < 0.001), while
changes in the PaO2/FiO2 ratio (not reported in the table)
did not vary signiﬁcantly between the two groups.
Respiratory rate and dyspnoea score improved signiﬁcantly
faster in the NIV group (P < 0.01 and P < 0.05, respectively), while the neurological status was not inﬂuenced by
the treatment used (data not shown).
Some side effects were recorded in the group treated
with NIV: twenty patients had nasal skin irritation and 14
of them had nose abrasions, which, in two cases, was
severe enough to require a switch from the full face mask
to the helmet.

Mortality rate

The duration of hospital stay was similar in the two groups
(19.2 ± 18.4 days for the NIV group versus 22.1 ± 33 days
for the SMT group). The causes of in hospital-death in the
SMT group were cardiac arrest (n = 2), ventilator associated
pneumonia (n = 1), severe arrhythmia (n = 1), myocardial
infarction (n = 1) and refractory respiratory failure (n = 1).
One patient died in the NIV group of myocardial infarction.
Table 3 lower part shows that the mortality rate was
overall signiﬁcantly lower in the NIV versus SMT group
(OR = 0.40, 95% CI: 0.19–0.83, P = 0.014) and, in particular, it was lower at hospital admission and at 6 months (P
= 0.04 and 0.0026, respectively).
Analysing the effect of the use of NIV or ETI as rescue
treatments, after adjustment for group randomisation (i.e.
ceteris paribus the randomised treatment), we found that ETI
was associated with the highest risk, while no differences
were observed between NIV and SMT, this latter group
consisting of those patients not reaching ETI criteria (OR
= 0.60, 95% CI: 0.18–1.92 versus OR = 4.03, 95% CI:
2.35–6.94, respectively; P = 0.009). Equivalent ORs were
obtained after adjusting for the presence of co-morbidities.

Discussion
There is still no agreement about the best treatment and outcomes for elderly patients admitted to an ICU for an episode
of acute respiratory failure [31] and prospective studies are
needed to obtain information on these two important issues.
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SMT

........................................

Table 3. Frequency distributions (number of death/number
of alive) of death history (in hospital 6 m and 12 m) and
maximum likelihood estimates (MLE) of odds ratios (95%
confidence intervals) from discrete-time survival analysis
modelling

S. Nava et al.

Limitations

The data from the present multicentre study may not be
generalised since all the Centres involved in the trial have
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long-term experience in using NIV and this may have inﬂuenced the success rate of this technique, as reported [34].
Indeed, two of the four hospitals are referral centres for
the treatment of chronic respiratory failure and home
mechanical ventilation, so that most of the patients enrolled
in the study were already familiar with the personnel and a
few of them were already accustomed to the use of NIV.
Patients were consecutively enrolled in the study and, as
illustrated in Figure 1, our non-enrolment rate was really
low, suggesting that our group represents the general population of elderly patients. Therefore, further studies are warranted to conﬁrm our data on a larger population, keeping
in mind that the quality-of-life and prolonged improvement
in dyspnoea may be important outcomes to assess.
In our study, we used NIV ventilators or ICU ventilators with NIV module, speciﬁcally designed to detect any
form of patient/ventilator asynchrony (i.e. they have a
sophisticated monitoring system) and to provide higher
FiO2, if needed. Perhaps, our results cannot be generalised
in units where less sophisticated respirators are used.

Conclusions
In conclusion, we have shown that, during an episode of
AHRF in old patients with a pre-existing chronic respiratory disorder, the use of NIV is associated with a lower proportion of patients meeting the ETI criteria, a higher
survival rate and faster resolution of respiratory distress
when compared with SMT. The use of NIV as a rescue
therapy is associated with a lower mortality rate compared
with ETI. NIV seems appropriate to use in elderly patients
when intubation may be considered a questionable option
or when the patient has signed a DNI order.

Key points
• NIV has been shown to improve the clinical outcomes,
compared with the standard medical treatment, during an
episode of hypercapnic acute respiratory failure. The
present randomised study is the ﬁrst one to conﬁrm the
efﬁcacy of this method of ventilation also in patients aged
>75 years.
• The rate of meeting the criteria for ETI was lower in the
NIV group versus standard medical treatment (control
group).
• NIV was used as a ‘rescue’ therapy for those patients
meeting the intubation criteria in the control group and
refusing intubation.
• The mortality rate was lower in the NIV group versus the
standard medical treatment, using the intention-to-treat
analysis.
• Arterial blood gases, respiratory rate and dyspnoea
improved signiﬁcantly faster with NIV than with the standard medical treatment.
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This randomised, controlled study shows that the use of
NIV to treat AHRF in old patients reduces the need for
intubation, improves survival (inhospital, 6 and 12 months)
and, simultaneously, induces a faster resolution of respiratory distress compared with SMT.
Acute respiratory failure is often the ﬁnal event in patients
with chronic respiratory disorders and will represent the
second or third cause of death in the future [5]. ICU admission and mechanical ventilation are not necessarily associated
with a poor prognosis in the elderly [2], however, most of the
studies that demonstrate this were performed on patients
without pre-existing pulmonary diseases, despite the fact that
individuals with chronic respiratory disorders represent a
large proportion of patients over 70–75 years admitted to an
ICU [4]. Old patients with hypercapnia (i.e. PaCO2
>45 mmHg) were shown to have a poor survival rate after an
episode of AHRF [32]. This may explain why a recent observational study performed in France found that up to 50% of
octogenarians were not admitted to an ICU [33], despite
needing intensive medical or ventilatory treatment.
Our study demonstrates that most of these patients
could be successfully treated with NIV and, therefore, they
could also be treated in a medical ward, if the pH level is
not dangerously low (i.e. >7.28) [34].
Surprisingly, in our study, the SMT success rate was
lower than in other randomised controlled trials (40%
versus 55%, respectively). The reasons for these results are
not clear, but may be related to different inclusion criteria
of the patients, different environments and by the lack of
prompt correction of the respiratory distress, which may
have triggered sudden cardiac arrest in patients with a preexisting cardiac co-morbidity (4 of 6 deaths in the SMT
group were caused by acute cardiac problems).
The rescue therapy with NIV was very successful (75%)
and this is in keeping with the results of two other randomised, controlled trials in which this technique was used after
SMT had failed, albeit in different clinical situations [35, 36].
The use of NIV as a rescue therapy in the SMT group
patients who met the intubation criteria represents the most
likely explanation for the low mortality rate. This highlights
the importance of using NIV not only as a palliative measure
but, also, as a preferential treatment when intubation is either
not wanted by the patient or questionable for the physician.
NIV not only improved the survival rate, but also accelerated the process of reducing tachypnoea and dyspnoea, which
are the major symptoms of respiratory distress. The application of inspiratory and expiratory aid is important to reduce
the inspiratory burden, both in acute and chronic settings [37,
38]. It has been shown that the sensation of dyspnoea correlates strongly with the inspiratory load [39], so that it is likely
that NIV could also be useful to relieve the sense of breathlessness that is particularly high in chronically ill old patients.

Non-invasive ventilation in elderly
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Abstract
Background: an anticipatory decision document records a person’s wishes regarding medical treatment at a time when they
have capacity to make choices, to be enacted when this capacity is lost. In England and Wales an advance decision to refuse
treatment (ADRT, or advance decision), a legally binding document, is currently rarely used. A disparity is suggested to exist
between physicians’ support for anticipatory decisions in principle and their lack of impact on decision-making in practice.
Objective: to elicit geriatricians’ views on advance decisions and their use in decision-making in England.
Design: a qualitative approach was taken. Semi-structured interviews were conducted with 10 geriatricians. An inductive
approach was used for data analysis.
Results: geriatricians held positive views on anticipatory decisions in principle. In practice, they reported being highly likely to
follow a decision which was in line with their clinical view. They would also favour an ADRT which was prescriptive in terms of
the situation and treatment to which it applied. However, geriatricians expressed concerns in relation to patient understanding
of the role and limits of these documents. Participants expressed discomfort in following an ADRT which, in their professional
opinion, did not represent the patient’s best interests, despite it being a legally binding document. A conﬂict between doctors’
beneﬁcence and patients’ autonomy was apparent, with geriatricians differing in their views on how ADRTs should ﬁt into
medical decision-making; particularly how far anticipatory decisions can represent ongoing patient autonomy.
Conclusion: despite their status in law, an ADRT which conﬂicts with a geriatrician’s clinical opinion may not be implemented,
in breach of the Mental Capacity Act. To avoid this, they must be seated within wider advance care planning.
Keywords: advanced care planning, geriatrician, qualitative, advanced decision to refuse treatment, elderly
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