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Parameters recorded by
software of non-invasive
ventilators predict COPD
exacerbation: a proof-of-
concept study

Objective To assess whether daily variations
in three parameters recorded by non-invasive
ventilation (NIV) software (respiratory rate
(RR), percentage of respiratory cycles triggered
by the patient (%Trigg) and NIV daily use)
predict the risk of exacerbation in patients
with chronic obstructive pulmonary disease
(COPD) treated by home NIV.
Methods Patients completed the EXACT-Pro
questionnaire daily to detect exacerbations.
The 25th and 75th percentiles of each 24 h
NIV parameter were calculated and updated
daily. For a given day, when the value of any
parameter was >75th or <25th percentile, the
day was marked as ‘abnormal value’ (‘high
value’ >75th, ‘low value’ <25th). Stratified
conditional logistic regressions estimated the

risk of exacerbation when ≥2 days (for RR
and %Trigg) or ≥3 days (for NIV use) out of
five had an ‘abnormal value’.
Results Sixty-four patients were included.
Twenty-one exacerbations were detected and
medically confirmed. The risk of exacerbation
was increased when RR (OR 5.6, 95% CI 1.4
to 22.4) and %Trigg (OR 4.0, 95% CI 1.1 to
14.5) were considered as ‘high value’ on
≥2 days out of five.
Conclusions This proof-of-concept study
shows that daily variations in RR and %Trigg
are predictors of an exacerbation.

INTRODUCTION
Early detection of exacerbations to rapidly
implement therapeutic interventions is a
major goal in the management of patients
with severe chronic obstructive pulmonary
disease (COPD).1 Respiratory rate (RR) is
a physiological parameter that changes
during an episode of exacerbation and
may serve as the warning signal of a devel-
oping exacerbation.2

Home long-term non-invasive ventila-
tion (NIV) is a modality of treatment for

patients with COPD at the end stage of
chronic respiratory failure.3 Home venti-
lators are now equipped with built-in soft-
ware providing data such as RR,
percentage of respiratory cycles triggered
by the patient (%Trigg) and daily usage.

Our objective was to assess whether
day-to-day variation in these three para-
meters recorded by the ventilators can
predict an imminent exacerbation in patients
with COPD treated at home with NIV.

MATERIALS AND METHODS
Patients with COPD treated at home with
NIV and oxygen therapy were eligible for
this prospective observational study (see
online supplement for details).

Assessment of exacerbations
Patients filled in the EXACT-Pro question-
naire every day for a maximum of
6 months. This questionnaire was used to
detect exacerbation events.4 Each event
detected using the EXACT-Pro score had
to be validated by an event committee of
two chest physicians.

Figure 1 (A) EXACT-Pro score, (B) daily use of non-invasive ventilation, (C) respiratory rate and (D) percentage of respiratory cycles triggered by
the patient in the 14 days preceding and following the onset of exacerbation (n=21). Data are reported as mean and SE.
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Analysis of data recorded by ventilators
RR, %Trigg and daily usage (h/day) were
analysed as follows: 25th and 75th per-
centiles of each 24 h parameter recorded
by the ventilator were calculated from the
fourth day of follow-up onwards and
updated daily. For a given day, when the
value of a parameter was >75th or <25th
percentile, the day was recorded as
‘abnormal value’ (‘high value’ >75th,
‘low value’ <25th).

Stratified (one stratum/patient) condi-
tional logistic regression models were used
to estimate the risk of exacerbation when
≥2 days (for RR and %Trigg) or ≥3 days
(for NIV daily usage) out of 5 days had
‘abnormal values’.

RESULTS
Sixty-four patients were included, 44 of
whom completed the study. EXACT-Pro
detected 21 medically confirmed cases of
exacerbation (mean (SD) age 72 (6) years,
forced expiratory volume in 1 s/forced
vital capacity 42 (12)%).

The risk of exacerbation was increased
when RR (OR 5.6, 95% CI 1.4 to 22.4,
p=0.01; sensitivity 46.2%; specificity
89.7%) and %Trigg (OR 4.0, 95% CI 1.1
to 14.5, p=0.037; sensitivity 53.8%; speci-
ficity 76.2%) were ‘high value’ on ≥2 days
out of five. The variation in daily usage of
NIV (>75th or <25th percentile) tended
to be associated with a risk of exacerbation
(OR 3.0, 95% CI 0.8 to 11.3, p=0.097).
Figure 1 shows, for the 21 exacerbations,
the EXACT-Pro score, daily use of NIV,
respiratory frequency and triggered cycles
in the 14 days preceding and following the
onset of the exacerbation (see online sup-
plement for detailed results).

DISCUSSION
Providing useful tools for detecting
exacerbations is the cornerstone of COPD

management. This study presents the
proof of concept that exacerbations of
COPD can be detected by the time-course
of respiratory parameters recorded by
NIV software. RR and %Trigg increased
in the days preceding exacerbation onset.
Regarding daily NIV usage, some patients
increased their usage of NIV, probably
with the expectation of reducing breath-
lessness. Conversely, other patients
reduced NIV usage, certainly reflecting
intolerance and/or inadequacy of the ven-
tilator settings during exacerbations.
The main advantage of this approach

for detecting exacerbations is that it
requires neither the patient’s active
involvement nor additional sensors in the
patient’s environment. Studies are needed
to confirm these results and to investigate
their clinical usefulness.
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