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The use of non-invasive ventilation (NIV) in the manage-
ment of acute exacerbations of chronic obstructive pulmo-
nary disease (COPD) is now supported by a number of
randomised controlled trials.1–5 It has been shown to reduce
intubation rates,1 3–5 mortality,1 2–5 and length of stay.1 4 It
has the advantage that it can be applied intermittently,
avoids the need for sedation, and allows the patient to eat,
drink and talk. The incidence of nosocomial pneumonia
during NIV is lower than in intubated patients.6–8 NIV has
the additional advantage that it can be used with success
outside the intensive care unit (ICU), thereby reducing the
demand on ICU beds.5

However, NIV is not without its problems. The mask can
be uncomfortable and claustrophobic for an acutely dys-
pnoeic patient, it can cause facial skin necrosis and, if
poorly fitted, may be associated with large amounts of
leakage which may compromise the eYciency of ventila-
tion. Gastric distension is also recognised. Without the
presence of an endotracheal/tracheostomy tube the lower
airway cannot be easily accessed which makes bronchial
toilet difficult. NIV is not successful in all cases of acute on
chronic respiratory failure due to COPD, with reported
failure rates of 7–50%.4 9 There has also been concern that
NIV may delay intubation leading to a worse outcome.10 11

The ability to predict those likely to fail with NIV is
important. Patients in whom there is a high likelihood of
failure would be spared the discomfort of a trial of NIV and
intubation would not be delayed. It would also be helpful in
determining where NIV should take place; a patient with a
high likelihood of failing, and for whom intubation would
be considered appropriate, is best managed in the ICU,
whereas the patient who is likely to be successfully treated
with NIV can be managed on the ward.

A number of studies have looked at predictors of
outcome for NIV in acute exacerbations of COPD.1 2 9 12–17

The major limiting factor is that prediction models are only
as good as the data entered; data that are not collected
cannot be entered into the model. Furthermore, the chosen
outcome may influence the results. For instance, if the fail-
ure of blood gas tensions to improve within a certain time
is taken as an indication for intubation, then by default this
will become a failure criterion even though success might
have been achieved with persistence and adjustment of
ventilator settings.

Acidosis is an indicator of the severity of decompensa-
tion in acute on chronic ventilatory failure and has been
shown to predict death in a number of studies of acute
exacerbations of COPD.2 18–20 It is therefore a logical start-
ing point for identifying patients who might benefit from
NIV. In a retrospective review aimed at identifying patients
with COPD who could be treated successfully with NIV,
Ambrosino et al12 found that patients in whom NIV treat-
ment failed were significantly more acidaemic at baseline
than those successfully treated (pH 7.22 (SD 0.08) versus
7.28 (0.04), p<0.005). Although using a discriminant
analysis a number of variables such as neurological status
score, APACHE II, baseline pH, PaCO2, and pH during
NIV had a predictive value of >0.80 for successful NIV,
when tested together using logistic regression analysis only
baseline pH maintained a significant predictive eVect with

a sensitivity of 97% and specificity of 71%. Similarly, Bro-
chard et al,1 using a priori criteria for the need for intuba-
tion, found that success was less likely with a lower starting
pH. In contrast, a number of studies have failed to show
any relationship between baseline arterial blood gas
tensions and the response to NIV.9 13–17

Ambrosino et al12 found a significantly lower forced vital
capacity (FVC) in patients failing with NIV; however, pul-
monary function test results were only available in just over
two thirds of patients. They also found that underweight
patients did less well. However, surprisingly, Antón et al17

found that a successful outcome with NIV was more likely
with a lower forced expiratory volume in one second
(FEV1) (27 (11)% predicted versus 38 (11)%, p<0.01).
The cause of the acute exacerbation is also not a reliable
predictor of outcome from NIV.9 12 14 16 17 In two studies9 12

radiological consolidation was more common in the group
failing NIV, but in a prospective randomised controlled
trial evaluating NIV against conventional treatment in
patients with pneumonia Confalonieri et al21 found that, in
the subgroup of patients who also had COPD, the two
month survival was better in the NIV group. Age is also not
a contraindication to NIV, which has been used with suc-
cess in the elderly.16

The severity of the illness at presentation, as judged by
the APACHE II scores, has been shown in two studies to be
greater in patients who failed NIV than in those who were
successfully treated (21 (4) versus 15 (4), p = 0.029 and 29
(4) versus 18 (4), p<0.000112). However these results are
not supported by other studies.14 15 17 Using the Simplified
Acute Physiology Score (SAPS), Benhamou et al16 also
found no diVerence between successful and unsuccessful
NIV in their study of elderly patients with acute respiratory
failure and a number of diVerent underlying lung patholo-
gies. It has been suggested that an altered level of
consciousness is a contraindication to NIV,11 although this
is largely for theoretical reasons and because such patients
have usually been excluded from clinical trials. A better
level of consciousness at baseline12 17 and after one hour of
NIV17 has been shown to correlate with success. Brochard
et al1 also noted that the encephalopathy score dropped
significantly in patients successfully treated with NIV dur-
ing the course of their treatment. However, three other
studies have shown no such relationship.15 16 22

Once NIV has been started, progress with treatment may
indicate the likely outcome. Not surprisingly, the ability of
the patients to tolerate NIV is a factor. Benhamou et al16

found that “tolerance” of NIV was the only factor of prog-
nostic value. Ambrosino et al12 also found that better com-
pliance was associated with a greater likelihood of success
with NIV and in their prospective case series of 12 patients
with hypercapnic acute respiratory failure Soo Hoo et al9

noted that successfully treated patients were able to toler-
ate NIV for longer than those who could not be
successfully treated. Larger volumes of air leakage were
noted in patients who failed with NIV,9 and these patients
also tended to be edentulous and to breathe through
pursed lips.

A number of studies have shown that the change in arte-
rial blood gas tensions, particularly pH, after a short period
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of NIV predicts a successful outcome.1 2 9 12–14 An improve-
ment in pH and/or PaCO2 at 30 minutes,15 one hour,13 or
after a longer period9 13 predicts successful NIV. Patients
who have been intubated and are likely to fail a weaning
attempt adopt a pattern of rapid shallow breathing when
disconnected from the ventilator,23 indicating that they are
breathing against an unsustainable load. A reduction in
respiratory rate with NIV has been variably shown in a
number of studies, with larger falls generally being associ-
ated with a successful outcome,1 9 13 although this is not
always seen.17 In the absence of a priori criteria for
endotracheal intubation, it is not surprising that a failure of
commonly measured physiological variables to improve
prompts an escalation of therapy which in this case is a
switch to invasive ventilation.

So far studies have concentrated on the ability to predict
failure shortly after initiation of NIV. However, patients
who fail NIV do not exclusively fail at this time. Late fail-
ure (after 48 hours of successful NIV) is recognised, with
rates reported at 0–20%, and has been associated with poor
outcomes. In this issue of Thorax Moretti et al24 address the
issue of late failure. In their study 137 patients admitted
with COPD and acute hypercapnic respiratory failure were
initially successfully treated with NIV. Of these, 106
continued to improve and were discharged home. The
remaining 23% deteriorated after 48 hours. These so called
“late failures” were then assigned to either an increased
number of hours of NIV (the mean number of hours/day of
NIV at the time of late failure was 9.2) or intubation and
mechanical ventilation depending on the wishes of the
patients and their relatives. Importantly, it should be noted
that patients assigned to increased NIV did significantly
worse with a mortality of 92% compared with 53% in those
invasively ventilated. At the time of relapse those patients
treated with increased NIV were more acidotic than those
who were intubated (pH 7.1 versus 7.29), although this
diVerence was not statistically significant, it may simply
reflect the small number of patients and suggests that the
patients who were treated with increased NIV were more ill
than those who were intubated. There is also the possibility
that patients who were not intubated were self-selected as
a group with more advanced disease since they were not
oVered or declined endotracheal intubation. The three
month survival after hospital discharge between the initial
successes and late failures was similar, indicating that the
acute event does not signify a worse long term outcome.
However, there are no data on the quality of life, disability
scores, or readmission rate following discharge.

At the time of admission “late failures” had significantly
lower activities of daily living (ADL) scores and blood
pressure, were more tachycardic, and were more likely to
have associated complications, particularly hyperglycae-
mia. pH was not diVerent between the groups at admission,
one hour, or 24 hours. Using logistic regression analysis a
low pH, low ADL score, and the presence of associated
complications at admission were more likely in patients
who failed after >48 hours of NIV. Interestingly, neither
the APACHE II score nor age were predictive of failure.

Conclusion
Data available at the time NIV is initiated and after a short
period can predict the likelihood of success or failure with
a reasonable degree of precision. The severity of acidosis at
baseline emerges as an important predictor; although NIV
is less likely to be eVective when patients are more
acidotic,1 12 this should not preclude a trial of NIV as the
mode of ventilatory support of first choice because the
benefits of NIV compared with intubation and mechanical
ventilation are greater.1 The tolerance of NIV and the

change in arterial blood gas tensions, particularly pH, and
respiratory rate in the early hours are reasonable predictors
of the subsequent outcome.1 2 12 24 NIV is less likely to be
successful if there are associated complications or if the
patient’s premorbid condition is poor.24 The study by
Moretti et al24 shows that late failure is a bad prognostic
factor, with over half the patients dying even with invasive
ventilation. This is more likely in patients with severe aci-
dosis, poor functional status, and complications. However,
most studies to date have been retrospective and further
prospective studies are needed. These should include all
variables which have been shown to be of prognostic
importance in acute exacerbations of COPD and with end
points which include survival following discharge from
hospital and health status.
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