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Abstract
Background—The rate of failure of non-
invasive mechanical ventilation (NIMV) in
patients with chronic obstructive pulmo-
nary disease (COPD) with acute respira-
tory insuYciency ranges from 5% to 40%.
Most of the studies report an incidence of
“late failure” (after >48 hours of NIMV) of
about 10–20%. The recognition of this
subset of patients is critical because
prolonged application of NIMV may un-
duly delay the time of intubation.
Methods—In this multicentre study the
primary aims were to assess the rate of
“late NIMV failure” and possible associ-
ated predictive factors; secondary aims of
the study were evaluation of the best ven-
tilatory strategy in this subset of patients
and their outcomes in and out of hospital.
The study was performed in two respira-
tory intensive care units (ICUs) on pa-
tients with COPD admitted with an
episode of hypercapnic respiratory failure
(mean (SD) pH 7.23 (0.07), PaCO2 85.3
(15.8) mm Hg).
Results—One hundred and thirty seven
patients initially responded to NIMV in
terms of objective (arterial blood gas ten-
sions) and subjective improvement. After
8.4 (2.8) days of NIMV 31 patients (23%;
95% confidence interval (CI) 18 to 33)
experienced a new episode of acute respi-
ratory failure while still ventilated. The
occurrence of “late NIMV failure” was
significantly associated with functional
limitations (ADL scale) before admission
to the respiratory ICU, the presence of
medical complications (particularly hyper-
glycaemia), and a lower pH on admission.
Depending on their willingness or not to
be intubated, the patients received inva-
sive ventilation (n=19) or “more aggres-
sive” (more hours/day) NIMV (n=12).
Eleven (92%) of those in this latter
subgroup died while in the respiratory
ICU compared with 10 (53%) of the
patients receiving invasive ventilation.
The overall 90 day mortality was 21% and,
after discharge from hospital, was similar
in the “late NIMV failure” group and in
patients who did not experience a second
episode of acute respiratory failure.

Conclusions—The chance of COPD pa-
tients with acute respiratory failure hav-
ing a second episode of acute respiratory
failure after an initial (first 48 hours) suc-
cessful response to NIMV is about 20%.
This event is more likely to occur in
patients with more severe functional and
clinical disease who have more complica-
tions at the time of admission to the ICU.
These patients have a very poor in-
hospital prognosis, especially if NIMV is
continued rather than prompt initiation of
invasive ventilation.
(Thorax 2000;55:819–825)
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In recent years non-invasive mechanical venti-
lation (NIMV), delivered through a facial or
nose mask, has been successfully used in
selected populations as an eVective treatment
for acute respiratory failure1–4 and as a
technique for weaning intubated patients.5

Despite NIMV having also been used in
patients aVected by “pure” hypoxic respiratory
failure,6 most studies have concentrated on
patients with chronic obstructive pulmonary
disease (COPD). The rate of failure of NIMV
in these patients ranges from 5% to 40%.1–4 7 8

Recognition of this subset of patients is very
important both from a clinical and ethical
point of view since prolonged application of
NIMV may unduly delay the time of intuba-
tion. Failure of NIMV has usually been defined
as: (a) need for intubation because of lack of
improvement in arterial blood gas tensions and
clinical parameters after a few hours of ventila-
tion (usually 1–3 hours); (b) clinical deteriora-
tion and subsequent intubation during hospital
stay, and (c) death.

Studies specifically designed to assess the
best predictors of NIMV outcomes agree that
changes in pH in the first hour of ventilation
and the clinical condition of the patients before
ventilation are the most powerful factors linked
to success or failure.7 9 It has also been shown
that, despite an initial improvement in blood
gas tensions and clinical condition, a subset of
patients go on to die or need to be intubated
days after the successful application of NIMV.
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For example, the multicentre randomised
study performed by Brochard et al1 showed that
15% of their patients with COPD, initially suc-
cessfully treated with NIMV, needed endotra-
cheal intubation after at least 48 hours. This
subgroup of patients is reported to have a very
bad prognosis. Similarly Meduri et al,10 in their
large prospective study performed on patients
with a miscellany of diseases, reported that
28% of the “initial” responders needed endo-
tracheal intubation >48 hours later, with this
subgroup having a mortality rate of 22%. The
clinical and physiological characteristics of this
subgroup of patients have never been assessed,
nor has the capacity to predict the occurrence
of “late NIMV failure” accurately at the time of
instituting ventilation. We have therefore un-
dertaken a multicentre study in which a series
of clinical and physiological parameters were
recorded in patients with COPD who were ini-
tially successfully ventilated with NIMV. The
primary aims of the study were (1) to assess the
incidence of late failure (at least 48 hours after
institution of NIMV) and (2) to determine the
parameters, if any, predictive of this failure.
The secondary aims of the study were to evalu-
ate the best clinical management and the
outcomes in and out of hospital in this
subgroup of patients with late NIMV failure.

Methods
The study was conducted in the respiratory
intensive care units (ICUs) of Montescano and
Modena for a 29 month period between Janu-
ary 1996 and May 1998. Both ICUs are
oYcially recognised by the Italian Association

of Pneumologists and consist, respectively, of
four and six monitored beds, with the possi-
bility of using ICU or home care ventilators.
The study was approved by the local ethics
committees of both institutions and oral
informed consent was given by the patients or
next of kin. Figure 1 illustrates the distribution
of the study population according to treatment
and outcome. Of a total of 186 consecutive
COPD patients admitted because of an epi-
sode of acute hypercapnic respiratory failure,
137 (74%) were successfully ventilated non-
invasively at first and were therefore enrolled
for data analysis. Acute hypercapnic respiratory
failure was defined as the presence of all of the
following: acute decrease in pH to <7.34, sud-
den increase in PaCO2 to more than 60 mm Hg
(8 kPa), tachypnoea and/or paradoxical ab-
dominal movements, and severe dyspnoea. The
remaining 49 patients were excluded from the
study because they needed immediate intuba-
tion (n=28), died immediately after intubation
(n=3), needed no further ventilatory support
after 24 hours of NIMV (n=15), died (n=1), or
needed intubation within the first 24 hours
while receiving NIMV (n=2). “Initial” success
of NIMV was defined as objective and subjec-
tive improvement in the first few hours.10

Objective criteria included the following
changes from spontaneous breathing in these
parameters: pH>7.35, decrease in PaCO2 of
>15–20% with SaO2 (with or without oxygen)
of >90%, a decrease of >20% in respiratory
rate compared with spontaneous breathing,
and normal sensory state. Subjective criteria
included improvement of dyspnoea and the
patient’s comfort. Late failure (>48 hours) was
defined as a sudden or progressive worsening
of arterial blood gas tensions (pH <7.34 with
an increase in PaCO2 of >15–20% compared
with previous arterial blood gas tensions), dys-
pnoea and/or sensory deterioration while still
on mechanical ventilation for at least 6 hours/
day. The diagnosis of COPD was made in
accordance with the ATS statement.11 All but
12 patients were receiving long term oxygen
therapy. Causes of relapses were pulmonary
exacerbations, as defined elsewhere,12 or com-
munity acquired pneumonia (for diagnosis of
pneumonia, see below).

NIMV was added to standard medical treat-
ment including inhaled â2 agonists, anticholin-
ergic agents, intravenous corticosteroids, xan-
thines and, when appropriate, antibiotics,
furosemide (frusemide), antiarrhythmics or
vasoactive agents. Patients were ventilated with
pressure support ventilation (PSV) using a full
face mask. The inspiratory pressure was
adjusted according to the patient’s tolerance to
obtain an expired tidal volume of 8–10 ml/kg
with external PEEP not exceeding 6 cm H2O.
Both ICU and home care ventilators (all of
which allowed exhaled tidal volume to be
recorded) were used. When available, flow
and pressures curves were used to detect the
possible occurrence of patient/ventilator
mismatching.13 Trigger sensitivity was set at
–1 cm H2O or the one imposed by the machine
was used if setting was not possible. Oxygen
was added to achieve an SaO2 of >90%. The

Figure 1 Distribution of the study population according to the outcome of the NIMV
trial.
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patients’ ECG, SaO2, blood pressure, and
respiratory rate were continuously monitored.
NIMV was delivered almost continuously in
the first 24 hours with short intervals of spon-
taneous breathing with oxygen supplementa-
tion to allow the patients to drink and expecto-
rate (and, in some cases, eat). In the following
days the levels of PSV and PEEP were
gradually decreased using a modality described
in detail elsewhere,5 if the patient’s condition
allowed. Weaning from NIMV was defined as
complete freedom from mechanical ventilation
for at least 72 hours.

The following variables were recorded on
admission and during the hospital stay: demo-
graphic data (age, sex);
+ serum biochemistry (albumin, potassium

and sodium);
+ breathing rate;
+ haemodynamic variables (blood pressure,

heart rate);
+ arterial blood gas tensions from the radial

artery by means of a blood gas analyser
(Radiometer ABL 300 Copenhagen, Den-
mark) recorded at admission, 1–2 hours,
and 24 hours after institution of NIMV and
then on a daily basis, according to the clini-
cal condition of the patients;

+ a score of compliance with the ventilation,
recorded on a daily basis. This score was
arbitrarily given by a respiratory therapist,
based on what he judged to be the tolerance
of the patient to NIMV, and was calculated
using a five point scale already used in other
studies where 1 = poor, 2 = quite bad, 3 =
suYcient, 4 = good, 5 = excellent14;

+ severity of illness assessed using the
APACHE II (Acute Physiology and Chronic
Health Evaluation) score15;

+ days on mechanical ventilation;
+ total duration of stay in ICU;
+ functional limits caused by chronic pulmo-

nary disease evaluated using a score corre-
lated to home activities of daily living (ADL)
according to SeneV et al16 where 1 = severe
limits (patient short of breath at rest and
does not perform any ADL); 2 = moderate
limits (patient short of breath with light
activities and unable to perform two or more
ADL); 3 = no limits (no more than one
limitation in ADL). Data were usually
obtained directly from the patients or from
family members where there was a lack of
collaboration by the patient;

+ number of complications associated with
acute respiratory failure;

+ number of complications appearing during
the stay in the respiratory ICU while still on
NIMV.

The definitions of associated complications,
modified by Jimenez et al,17 were as follows:
+ Pneumonia: a new lung infiltrate on the

chest radiograph associated with at least two
of the following conditions: fever, leucocyto-
sis (WBC >10 000 cells/mm3), purulent
sputum in which a Gram stain showed one
or more types of bacteria. This was consid-
ered as a hospital complication (nosocomial
pneumonia) when diagnosed after the third
day of admission. If pneumonia was the pri-

mary cause of hospital admission for acute
respiratory failure, it was considered as
being community acquired.

+ Sepsis syndrome: positive blood cultures
and fever of >39°C together with positive
cultures from suspected sources (urine,
ascites, pleural fluid).

+ Shock: systolic blood pressure of
<90 mm Hg with decreased urinary output
or hypotension requiring infusion of
vasoactive amines to obtain a blood pressure
of >90 mm Hg.

+ Acute renal failure: an acute rise in serum
creatinine of >265.2 µmol in patients with
previously normal renal function.

+ Cardiac impairment: acute arrhythmia re-
quiring quick therapeutic intervention or
tachycardia along with clinical and radio-
graphic or echocardiographic evidence of
pulmonary congestion which resolved with
diuretic therapy.

+ Gastrointestinal tract complications:
macroscopic bleeding, or hepatic dysfunc-
tion defined as a twofold increase in
glutamic pyruvic transaminase or alkaline
phoshatase concentrations or development
of jaundice or pancreatitis with a twofold
increase in amylase or lipase enzyme
concentrations.

+ Metabolic complications: hyponatraemia of
<120 mmol/l or hypercalcaemia or serum
potassium levels of <3 mmol/l or >6 mmol/l,
or alkalosis with pH >7.6 or metabolic
acidosis, fasting hyperglycaemia >200 mg/dl.

+ Coma: points 4 and 5 of the Kelly and Mat-
thay neurological scale.18

+ Pulmonary embolism: clinically and
echocardiographically suspected and con-
firmed by perfusion and ventilation lung
scans or spiral CT scan, when possible, with
normal chest radiography.

+ New exacerbation of COPD: this was
considered as a complication only if the epi-
sode requiring admission to the respiratory
ICU was resolving, as assessed by improve-
ment in arterial blood gas tensions, normal
WBC, and absence of fever, but with the
patient still requiring mechanical ventilation
for >6 hours/day.

STATISTICAL ANALYSIS

Univariate analysis
Continuous variables were analysed using a
Student’s t test for independent data, while a
paired t test was applied to compare data of
each patient before and after treatment. The
categorical values were analysed using the ÷2

test (Fisher’s two tailed exact test for small
samples of data). A p value of <0.05 was con-
sidered to be statistically significant.

Multiple logistic regression analysis
This method was employed to build up a pre-
dictive model to identify the variables associ-
ated with “late failure” in 137 patients treated
with NIMV. Patients who did not have a new
relapse and who were discharged alive from the
respiratory ICU were compared with those
who had a “late failure”, therefore needing
more aggressive NIMV (see Results) or

Incidence and causes of non-invasive mechanical ventilation failure after initial success 821
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intubation. The variables considered (univari-
ately significant or of clinical relevance accord-
ing to the literature, see Discussion), added
according to the “forced enter” method,
included those measured on admission
(haemodynamic variables, number of associ-
ated complications on admission, ADL, arte-
rial blood gas tensions, APACHE II, age).

Categorical variables were recoded as di-
chotomous variables.

Results
As shown in table 1, NIMV resulted in an
immediate and sustained improvement in
blood gas tensions in COPD patients enrolled
after an episode of acute respiratory failure,
requiring more than one day of ventilation. The
arterial blood gases continued to improve in
most of the responders (n=106, 77.3%) so that
weaning and discharge from the hospital
became possible (group 1). Despite an initially
favourable response to NIMV, the clinical con-
dition and arterial blood gas tensions of the
remaining 31 patients (22.7%; 95% CI 18 to
33) deteriorated during the hospital stay while
NIMV was still being administered (>6 hours/
day), so that a new episode of respiratory
distress was said to have occurred (group 2).

Table 1 shows the arterial blood gases of the
two groups of patients during the first 24 hours
of ventilation and some clinical and functional
characteristics of the patients recorded at
enrollment. Heart rate was significantly higher
and mean blood pressure significantly lower in
patients in group 2 who also had a lower ADL
score. On admission the number of associated
complications was also higher in patients in
group 2, with almost 75% having at least one
complication on admission. As shown in table
2, the most frequent complication in both
groups was cardiac impairment. Sixteen pa-
tients in group 1 had evidence of pulmonary
congestion, five had atrial fibrillation, and one
had acute arrhythmia while four patients had
evidence of pulmonary congestion and three
had atrial fibrillation in group 2. The percent-
ages of the other complications, with respect to
the total, were equally distributed between the
two groups, with the exception of metabolic
complications which were significantly more
frequent in the “late failure” patients. Interest-
ingly, all the metabolic complications included
hyperglycaemia (fasting blood glucose in the
three patients in group 1 and the seven in
group 2 = 278 (63) mg/dl and 342 (82) mg/dl,
respectively).

The logistic analysis performed on the
variables recorded at the time of admission
showed that activities of daily living, the
number of complications, and pH recorded on
admission strongly predicted the occurrence of
“late failure” during NIMV. In the logistic
analysis metabolic complication was, among
the other complications recorded on admis-
sion, the only independently significant predic-
tor of late failure.

Table 2 also shows the occurrence of
complications during the stay in the respiratory
ICU while the patients were still receiving
NIMV. Only a few patients in group 1

Table 1 Mean (SD) demographic, clinical, and functional characteristics recorded at
baseline and during non-invasive mechanical ventilation (NIMV) at 1 and 24 hours in
patients with COPD grouped according to the success of NIMV (group 1 = successful,
group 2 = “late respiratory failure”)

Group 1 (n=106) Group 2 (n=31) p value

Age (years) 70 (8.8) 70 (10.1) NS
pH

On admission 7.25 (0.07) 7.22 (0.08) NS
1 h 7.30 (0.06) 7.30 (0.06) NS
24 h 7.36 (0.06) 7.36 (0.06) NS

PaCO2 (mm Hg)
On admission 87.6 (17.1) 82.9 (14.7) NS
1 h 76.6 (13.6) 72.7 (12.0) NS
24 h 68.8 (13.2) 62.8 (10.0) 0.024

SaO2/FIO2 at admission 2.0 (0.6) 1.8 (0.6) NS
Heart rate (bpm) 97 (17.8) 104 (20.1) 0.044
Respiratory rate (bpm) 26 (5.6) 27 (6.5) NS
Arterial pressure (mm Hg) 105 (15) 98 (15) 0.034
Compliance score 3.7 (1.0) 3.6 (1.0) NS
APACHE II score 22.0 (4.5) 22.9 (6.0) NS
ADL score 2.1 (0.8) 1.7 (0.7) 0.024
No of complications of admission 0.45 (0.6) 0.7 (0.7) 0.039
Community acquired pneumonia

(no (%))
8 (7.5%) 7 (22.6%) NS

Albumin (mg/dl) 34.2 (3.3) 34.9 (4.6) NS
Sodium (mEq/l) 139 (3.6) 138 (3.6) NS
Potassium (mEq/l) 4.2 (0.6) 4.0 (0.4) NS
Fasting glycaemia (mg/dl) 83.5 (8.8) 94.1 (53.2) NS
FEV1 (% pred) 17.6 (9.1) 14,7 (13.5) NS
FVC (% pred) 45.6 (8.2) 43.5 (14.3) NS
FEV1/FVC 38.5 (7.6) 33.7 (11.4) NS

ADL = activity of daily living score; FEV1 = forced expiratory volume in one second; FVC = forced
vital capacity. Dynamic lung volumes were recorded in 61 and 18 patients of groups 1 and 2,
respectively.

Table 2 Number and type of complications on admission and during the hospital stay in
groups 1 (successfully treated) and 2 (“late failures”). Note that pneumonia and COPD
exacerbations were considered causes of acute respiratory failure necessitating mechanical
ventilation

On admission During hospital stay

Complications
Group 1
(n=106)

Group 2
(n=31)

Group 1
(n=106)

Group 2
(n=31)

Pneumonia – – 0 4 (12.9%)*
Cardiac impairment 22 (20.7%) 7 (22.5%) 8 (6.1%) 5 (16.1%)
Acute renal failure 9 (8.4%) 3 (9.6%) 1 (0.9%) 0
Metabolic complications 3 (2.8%) 7 (22.5%)† 1 (0.9%) 2 (6.4%)
Gastrointestinal complications 4 (3.7%) 1 (3.2%) 0 2 (6.4%)
Pulmonary embolism 0 3 (2.8%) 1 (3.2%)
COPD exacerbation – – 0 13 (41.9%)
Coma 8 (7.5%) 1 (3.2%) 0 3 (9.6%)
Shock 0 1 (3.2%) 0 1 (3.2%)
Sepsis 1 (0.9%) 3 (9.6%) 0 1 (3.2%)
DIC 0 1 (3.2%) 0 0

*Nosocomial pneumonia.
†p = 0.034, metabolic complications on admission, group 1 versus group 2.
DIC = disseminated intravascular coagulation.

Figure 2 Rate of new episodes of acute respiratory failure in the 31 patients who
responded to NIMV in the first 48 hours.
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developed a new complication, while all the
“late failure” patients suVered at least one, the
most frequent being new exacerbations of
COPD, cardiac impairment, and nosocomial
pneumonia. These complications appeared at a
mean of 8.4 days (range 3–13) after admission
to the ICU. Figure 2 illustrates the rates of new
episodes of acute respiratory failure while still
on NIMV.

At the time of “late failure” patients in group
2 were still receiving NIMV for a mean of
9.2 hours/day. Newly intensified mechanical
ventilation was then started, either by increas-
ing the hours/day of NIMV (group 2A, n=12)
or by administering the ventilation via endo-
tracheal intubation (group 2B, n=19). The
decision as to which of these two therapeutic
strategies to use was made by the attending
physician based on whether or not the patient
was willing to be intubated.

The overall mortality rate for all groups of
patients at hospital discharge was 15.4%. None
of the patients in group 1 died compared with
21/31 (68%) in group 2 (11/12 (92%) in group
2A and 10/19 (53%) in group 2B). The main
causes of death were cardiac failure, pneumo-
nia, pulmonary embolism, shock, and multiple
organ failure. The two groups did not diVer in
the most common variables recorded at the
time of “late failure” or for the number of
complications on admission. Both subgroups
had a high mean number of hospital complica-
tions with cardiac impairment, metabolic com-
plications, and pneumonia being the most fre-
quent.

The clinical characteristics of the patients in
group 2B who did or did not survive after intu-
bation were not significantly diVerent at the
time of intubation, but the improvement in
PaCO2 and pH after 24 hours of invasive venti-
lation was significantly higher in those who
survived (p<0.001).

The out of hospital mortality at 90 days after
discharge in groups 1 and 2 was similar at 20%
and 19%, respectively.

Discussion
This study, performed in a large population,
confirms that NIMV may be useful for
avoiding intubation or death in about 70% of
patients with COPD who suVer an episode of
severe hypercapnic respiratory failure. We
found that some initial responders later dete-
riorate so that, despite an initial brief improve-
ment with NIMV, they may go on to die or to
need intubation. The principal finding of our
study was that the presence of one or more
complications at admission together with a
lower pH and more severe clinical condition
(ADL scale) are strong predictors of “late fail-
ure”. Patients with these characteristics have a
very poor prognosis if further hospital compli-
cations ensue, especially if “more aggressive”
NIMV is preferred to intubation.

The end points of most of the studies of
NIMV are need for endotracheal intubation
and death.1–4 Most such studies report a
substantial percentage of “late” NIMV failure
in patients with COPD,1 7 8 10 suggesting that
an initial improvement in arterial blood gas

tensions and clinical condition during NIMV is
not always synonymous with success. This is
true for both COPD patients and those with
“pure hypoxaemic” respiratory failure.19 Pre-
dictive models were developed to try to
determine which COPD patients with acute
respiratory failure would or would not avoid
endotracheal intubation. Improvements in
PaCO2 and pH after the first hour of ventilation
were found to be very powerful predictors of
the success or failure of NIMV,9 together with
clinical condition, body weight, and compli-
ance with the ventilator. Most of the studies
have considered the patient with COPD to be
aVected by a single pulmonary pathology and
have not taken account of the fact that COPD
is a disease which is often accompanied by
other pathologies such as cardiovascular
complications.20 SeneV et al16 showed that the
presence of non-respiratory physiological ab-
normalities in patients with COPD with an
acute exacerbation of disease, rather than the
pulmonary disease itself, may be associated
with the worst prognosis.

Using logistical analysis we have shown that,
in patients with an episode of acute respiratory
failure, the presence of one or more associated
complications, a limitation of functional daily
life as assessed by the ADL scale, and lower
values of pH on admission are associated with
the development of “late failure”. We are, how-
ever, aware of the limitations of these statistical
predictive models, so that our model needs to
be prospectively tested in future studies. On
admission almost all patients in group 2 had at
least one associated complication compared
with less than half in group 1. The occurrence
of the diVerent types of complications was
similar in the two groups, with the exception of
metabolic complications which were signifi-
cantly more frequent in group 2. The most
common complications were cardiovascular
and occurred with approximately the same
incidence in the two groups. On the other
hand, the presence of metabolic complications
(found in >20% of group 2 patients) was
statistically powerful in predicting the occur-
rence of “late failure”. The most frequent was
hyperglycaemia due to diabetes which was
present in all the patients with metabolic com-
plications. The iatrogenic form of the disease
(mean daily dose of corticosteroids in the days
preceding admission to hospital in patients
developing hyperglycaemia was 24 (10) mg
deflazacort) may lead to a decrease in immuno-
logical defences so that patients are more prone
to infections.21 All the patients in the “late fail-
ure” group with hyperglycaemia on admission
developed an infectious pulmonary complica-
tion during their hospital stay and, in 13 of the
21 patients who died, pneumonia was a direct
or indirect cause of death. Obviously the pres-
ence of complications at admission can only
partly explain the development of “late failure”
since the general clinical respiratory condition
at the time of hospital admission is also impor-
tant. For example, poor gas exchange at admis-
sion has recently been shown by Connors et al22

to be associated with a poorer prognosis
together with impairment of daily functional

Incidence and causes of non-invasive mechanical ventilation failure after initial success 823
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activity. The presence of community acquired
pneumonia on admission was higher in group 2
than group 1; the diVerence was not significant
because of the small number of cases but may
be of some relevance in the development of
“late failure”.

The deterioration in arterial blood gas
tensions was caused by significant clinical
worsening, after the initial improvement, re-
sulting from a new complication or a recur-
rence of one present at admission. Most of the
complications (55% of total), either alone or
together with one or more other complication,
were infectious (pneumonia or exacerbation of
COPD).

Ventilator associated pneumonia is an im-
portant clinical problem, the risk of which
increases after the first three days of mechani-
cal ventilation. It carries a high mortality rate.23

However, recent studies5 6 19 24 have shown that
the probability of developing pneumonia is
much lower in patients being ventilated
non-invasively, so it has been suggested that
the term “ventilator associated pneumonia”
should be changed to “intubation associated
pneumonia”.25 In reality, the incidence of
pneumonia in our group of patients was
relatively low (13%), especially compared with
the higher rate described with intubation.
Nevertheless, the possibility of developing a
pulmonary infection such as pneumonia or
COPD exacerbation in an ICU does not
depend only on the presence of the endotra-
cheal tube, but also, as descibed by Meduri et
al,26 on the insertion of other catheters such as
a Foley catheter or an intravenous line.

The second point to arise from our study
concerns what treatment should be given
when a patient with COPD, who initially
responded to NIMV, suVers another episode
of acute respiratory failure. Our data show that
relapse has a high mortality rate (67.7%)
which is significantly higher if the NIMV is
maintained (91.6%) than if the patient is given
invasive ventilation (52.6% mortality). Before
discussing this point, it is important to note
that the choice of ventilatory modality was not
randomised but depended upon the wishes of
the patients or their relatives, so that the
results obtained must be interpreted with cau-
tion. Firstly, the patients treated with more
aggressive NIMV were older than those who
were intubated because age was an important
factor for relatives when deciding clinical
management. The worse response of this sub-
group may therefore be related to this
potential bias. However, it has been shown that
elderly patients with COPD may respond as
well as middle aged patients to NIMV.27

Secondly, the pH at the time of “late failure” in
the group who continued treatment with
NIMV was markedly lower than in the
intubated patients (7.11 versus 7.29). Al-
though this finding was not statistically signifi-
cant, probably because of the small number of
patients, it is in agreement with most of the
published studies which show that NIMV is
less likely to be successful in patients with aci-
dosis. Another possible explanation is that
NIMV may not be as eYcient as invasive ven-

tilation in treating a life threatening episode of
acute respiratory failure when, for example,
there is sensory impairment which is usually
accompanied by a weak cough reflex. Pneumo-
nia and pulmonary exacerbations (the main
causes of “late NIMV failure”) require im-
proved removal of secretions, and gas ex-
change may not improve if there is an
accumulation of secretions.

The overall hospital mortality was 15.4%
in our study which is within the range of
values reported in the literature for NIMV
(6–25%).28 The overall 90 day mortality was
21% compared with 25%22 and approximately
35%16 observed in recent studies which
included patients on invasive ventilation.
Comparison of mortality rates between
studies in this relatively short time period is
diYcult as the inclusion criteria, ventilation
modalities, and standard treatment are often
diVerent.

In conclusion, our study shows that NIMV
may be useful for avoiding intubation in
patients with COPD during an episode of
severe hypercapnic respiratory failure. After the
initial success of NIMV, a significant subset of
patients (>20%) may experience a new episode
of acute respiratory failure resulting from the
appearance of new complications or the recur-
rence of those present at the start of treatment
so that more aggressive ventilatory treatment
becomes necessary. These patients have a high
mortality rate, especially if NIMV is continued
and intubation avoided.
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