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ABSTRACT: The aim of the present study was to compare the efficacy of automatic titration of

noninvasive ventilation (NIV) with conventional NIV in stable neuromuscular and chest wall

disorder patients established on long-term ventilatory support.

In total, 20 neuromuscular and chest wall disease patients with nocturnal hypoventilation

treated with long-term NIV completed a randomised crossover trial comparing two noninvasive

pressure support ventilators: a standard bilevel ventilator (VPAP III) and a novel autotitrating

bilevel ventilator (AutoVPAP). Baseline physiological measurements, overnight polysomnography

and Holter monitoring were repeated at the end of each 1-month treatment period.

Nocturnal oxygenation was comparable between the autotitrating device and standard

ventilator, as were sleep efficiency, arousals and heart rate variability. However, there was a

small significant increase in mean overnight transcutaneous carbon dioxide tension (median

(interquartile range) 7.2 (6.7–7.7) versus 6.7 (6.1–7.0) kPa) and a decrease in percentage stage 1

sleep (mean¡SD 16¡9 versus 19¡10%) on autotitrating NIV compared with conventional NIV.

Autotitrating noninvasive ventilation using AutoVPAP produced comparable control of

nocturnal oxygenation to standard nonivasive ventilation, without compromising sleep quality

in stable neuromuscular and chest wall disease patients requiring long-term ventilatory support

for nocturnal hypoventilation.

KEYWORDS: Automatic titration, chest wall disorders, neuromuscular disease, nocturnal

hypoventilation, noninvasive ventilation

P
atients with neuromuscular or chest wall
disease often develop restrictive ventilatory
disorders as their disease progresses, result-

ing in hypercapnic respiratory failure. Nocturnal
noninvasive ventilation (NIV) has been shown to
increase survival [1–3], normalise nocturnal venti-
lation, and improve both daytime arterial blood gas
control and sleep architecture [4, 5] in patients with
chronic hypercapnic respiratory failure.

Establishing a patient on NIV requires specialist
knowledge [6, 7]. Healthcare professionals must
be adequately trained in selection of appropriate
patients, choice of ventilatory mode, operation of
the ventilator, mask fitting and adjusting NIV
settings to optimise patient ventilation and
comfort, and be able to support and educate
patients on NIV use at home.

Automatic titration of continuous positive airway
pressure (CPAP) in the treatment of obstructive
sleep apnoea (OSA) is now common practice [8]
and has been validated against conventional
manual titration [9, 10]. However, the algorithms

and technology required to titrate NIV automa-
tically have only recently been developed and as
yet no validation studies have been published.
Therefore, the aim of the present study was to
evaluate the efficacy of automatically titrated
NIV, compared with conventional manually
titrated NIV, in patients with restrictive ventila-
tory disorders, specifically those with congenital
and acquired neuromuscular disease or chest
wall disease. All patients were experienced NIV
users prior to the current study but were naı̈ve to
both ventilators used. The present authors tested
the hypothesis that variable positive airway
pressure ventilation (VPAP) delivered by a
VPAP ventilator with pressure-support ventila-
tion (PSV) titrated automatically could ventilate a
patient as effectively as a standard VPAP
ventilator with settings determined clinically by
a skilled healthcare professional.

MATERIALS AND METHODS
Participants were recruited from the Royal
Brompton Hospital Ventilator Clinic (London,
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UK). In total, 41 patients fulfilled the inclusion criteria. Of these
patients, 25 were recruited and 20 patients successfully
completed the protocol (fig. 1). Inclusion criteria were: being
.18 yrs old with congenital or acquired neuromuscular
disease or chest wall disease and nocturnal hypoventilation,
defined as nocturnal peak transcutaneous carbon dioxide
tension (Ptc,CO2) .6.5 kPa. All patients were experienced
ventilator users on long-term nocturnal NIV for a minimum
of 6 months, and all had been stable and free from respiratory
tract infection/acute exacerbation for o3 months.

Patients were excluded if they had previous experience using a
VPAP device (VPAP1 models; ResMed, Bella Vista, Australia),
to ensure that they were unfamiliar with the ventilators being
compared, or if they had uncontrolled respiratory failure
(defined as daytime resting arterial oxygen tension ,7.5 kPa
and/or arterial carbon dioxide tension .8.0 kPa on air),
uncontrolled heart failure, arrhythmia, moderate or severe
bulbar weakness or inspiratory positive airway pressure
(IPAP) on their current ventilator .25 cmH2O (2.44 kPa), or
if their usual mask was incompatible with the autotitrating
ventilator being tested and they were unable (or unwilling) to
swap to a compatible mask. The study was approved by the
Royal Brompton and Harefield National Health Service Trust
ethics committee (London, UK), and all patients gave
informed, written consent.

The autotitrating NIV had a 1-h learn period, from which it
calculated target gross alveolar ventilation or nonanatomical
deadspace ventilation (henceforth termed ‘‘target alveolar
ventilation’’ for brevity) and variable back-up respiratory rate
(RR). During therapy, PSV (IPAP minus expiratory positive
airway pressure (EPAP)) was varied between pre-set mini-
mum and maximum limits to achieve the calculated target
alveolar ventilation. It responded rapidly when ventilation was
well below the target and more slowly when closer to the
target. The back-up RR had an optimum level when patient
effort consistently failed to trigger the ventilator and a much
lower level when the patient was triggering the ventilator. This
ensured minimum interference with the patient’s spontaneous
ventilation and facilitated sleep onset. A more detailed
description can be found in the online supplementary material.

Protocol
The trial design was an interventional, randomised, crossover
study comparing NIV administered via an automatically
titrated ventilator (AutoVPAP1; ResMed) to that administered
via a conventional, expert set-up VPAP III (VPAP III ST-A;
ResMed). Both ventilators were used for 1 month in random
order, and patients used the ventilator each night.

Patients attended hospital for a baseline assessment, which
included measurement of arterialised capillary blood gas
tensions, Ptc,CO2, arterial oxygen saturation (Sa,O2), spirometry,
noninvasive respiratory muscle strength and arm span.
Following these measurements, patients were randomised to
either autotitrating or standard NIV. Details of the randomisa-
tion process are available in the online supplementary material.

At the end of the first treatment period all baseline measure-
ments were repeated with the exception of arterial blood gases
(fig. 2). Subjective tolerance of the ventilator was assessed
using visual analogue scales (VAS). Patients underwent over-
night polysomnography, including Ptc,CO2 measurement, and
24-h Holter monitoring, which were carried out in the sleep clinic
or in the patient’s home, depending on patient preference. If the
patient elected to have polysomnography at home, both studies
were conducted in the home, and similarly with patients having
in-laboratory studies. Following the first sleep study, the patient
was set up on the second ventilator and began the second
1-month treatment period. At the end of the second treatment
period all measurements were repeated (fig. 2).

Ventilator settings
NIV set-ups were performed by a single, trained technician
following a standard set-up procedure.

For the standard NIV treatment period, the ventilator was used in
spontaneous/timed mode with IPAP pressure, EPAP and back-
up RR matched as closely as possible to those of the patient’s
usual ventilator. These settings had been established by clinical
adjustment, to reduce respiratory effort and maximise comfort at
the bedside, with subsequent overnight monitoring of Ptc,CO2 and
Sa,O2 to ensure optimal nocturnal blood gas control. For patients
whose usual ventilator had IPAP but no EPAP, the EPAP on the
standard NIV was set to the minimum setting available on both
ventilators (4 cmH2O (0.39 kPa)). Appropriate mask type was
selected, IPAP minimum (minimum inspiratory time) was set to
1.0 s and all other values were initially set to defaults.
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FIGURE 1. Recruitment and flow of patients through each treatment period.

NIV: noninvasive ventilation.
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For the autotitrating treatment period, EPAP was manually set
as described for standard NIV, and minimum and maximum
PSV values were initially set to maximise the ability of the

ventilator to meet the target alveolar ventilation. Estimated
anatomical deadspace was entered using the formula:

V9D5100?(H/1.7)3 (1)

where V9D is deadspace ventilation and H is height (or arm
span) in metres. The appropriate mask type was selected and
all other values were left at defaults. An initial ‘‘learn circuit’’
function was run to determine the pressure drop across the
circuit at different flow rates.

Target alveolar ventilation and back-up RR were based on the
patient’s breathing over the 1-h learn period, during which the
patient sat quietly with their mask on while breathing
4 cmH2O (0.39 kPa) CPAP. The patient was asked to remain
relaxed but alert and not to doze or talk during this period.

Following set-up on both ventilators, patients had o15 min of
treatment to acclimatise and adjustments were made to settings
if a patient was unable to tolerate treatment. Patients could also
contact the researcher by telephone if they could not tolerate the
settings, and adjustments were made to optimise comfort.

Measurements
Electroencephalograms (C3A2, C4A1 and O1A2), right and left
electro-oculograms, and submental electromyogram (EMG),
were recorded using the International 10–20 system of
electrode placement [11] and portable polysomnography
equipment (Somnoscreen; SOMNOmedics GmbH and Co.,
Kist, Germany). Respiration was monitored using mask
pressure and abdominal plus thoracic effort bands to record
movement. ECG, Sa,O2, leg EMG and body position were also
recorded. Overnight Ptc,CO2 was measured (TOSCA; Linde
Medical Sensors AG, Basel, Switzerland) and daytime Ptc,CO2

and resting Sa,O2 were also measured using the combined
earlobe sensor.

The sleep architecture and arousal frequency were analysed
using standard criteria [12, 13] by a single investigator blinded
to the intervention and the subject identity. Sleep study data
were analysed for the period the patient was in bed with the
ventilator delivering treatment. The mean overnight Ptc,CO2

and Sa,O2 were analysed over the total sleep period.

The primary endpoint on which the power calculation is based
is mean overnight Sa,O2 on each ventilator at the end of each
treatment period. Other outcomes measures were overnight
mean and maximum Ptc,CO2, minimum Sa,O2, Sa,O2 desatura-
tion index, total sleep time, sleep latency, sleep efficiency,
percentage of sleep stages, arousals, arousal index and heart
rate variability (HRV). In addition, pulmonary function and
noninvasive respiratory muscle strength measurements were
made at baseline and at the end of each treatment period, and
ventilator use, subjective ventilator tolerance and preference
were monitored during each treatment period. Detailed
descriptions of these measurements can be found in the online
supplementary material.

Statistical analysis
In total, 20 patients were required, in order to have a 90% chance
of detecting as significant a 2.5% difference in mean overnight
Sa,O2, with an assumed standard deviation of 3.0% (p50.05).
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FIGURE 2. Timeline detailing tests performed at baseline and end of each

treatment period. VAS: visual analogue scales; Ptc,CO2: transcutaneous carbon

dioxide tension.

TABLE 1 Demographic data and diagnoses of all
randomised patients and those that completed
the protocol

Enrolled Completed

protocol

Male/female n 18/7 14/6

Age yrs 42¡17.7 42¡17.6

Pa,O2 kPa 11.6¡1.9 11.7¡2.0

Pa,CO2 kPa 5.9¡0.9 5.8¡1.0

FVC L 0.89¡0.4 0.89¡0.4

FVC % pred 22.4¡11.0 22.4¡9.3

FEV1 L 0.69¡0.4 0.68¡0.3

FEV1 % pred 20.8¡11.7 20.3¡9.2

FEV1/FVC 0.77¡0.14 0.77¡0.13

PI,max cmH2O 34¡17.4 33¡15.9

PE,max cmH2O 58¡39.3 62¡40.1

Pmo,w cmH2O 58¡45.8 61¡48.7

SNIP cmH2O 26¡12.7 26¡10.9

Diagnosis n

Duchenne muscular dystrophy 4 3

Congenital muscular dystrophy

(merosin positive)

2 1

Old poliomyelitis 3 3

Spinal muscular atrophy type II 2 1

Idiopathic scoliosis 9 8

Osteogenesis imperfecta 1 1

Congenital myopathy 1 1

Nemaline myopathy 1 1

Charcot–Marie tooth neuropathy 1 0

Idiopathic diaphragm paralysis 1 1

Data are expressed as mean¡ SD, unless otherwise stated. Pa,O2: arterial

oxygen tension; Pa,CO2: arterial carbon dioxide tension; FVC: forced vital

capacity; % pred: % predicted; FEV1: forced expiratory volume in one second;

PI,max: maximal inspiratory pressure at mouth; PE,max: maximal expiratory

pressure at mouth; Pmo,w: maximal whistle mouth pressure; SNIP: sniff nasal

inspiratory pressure. 1 cmH2O50.098 kPa.
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Data obtained at the end of each of the treatment periods
were compared, including sleep stages, blood gas values and
subjective ventilator tolerance. Normally distributed data were
compared initially using a paired t-test and then a linear mixed
model; nonparametric data were compared using the Wilcoxon
signed rank test. The effect of period and order of ventilator
use was determined using a linear mixed model with patients
entered as a random effect. Baseline measurements were
compared with data obtained at the end of each treatment
period, including pulmonary function tests and noninvasive
respiratory muscle strength tests. Normally distributed data
were compared using the one way ANOVA; nonparametric
data were compared using the Kruskal–Wallis ANOVA on
ranks test. Values of p,0.05 were considered significant.

RESULTS
Overall, 25 patients were recruited between November 2005
and April 2007 and five patients withdrew, two patients within
2 days of starting the study and three patients approximately
halfway through the study (fig. 1). Demographics and diag-
noses are given in table 1 for the 25 randomised patients; 20
patients completed both treatment periods and were included
in the intention-to-treat analysis. The majority of patients had
restrictive chest wall disease with lung volumes ,1.0 L and
respiratory muscle strength values approximately half those of
the normal population [14].

Prior to enrolment, four patients had EPAP on their usual NIV.
Table 2 gives the ventilator settings for each patient’s usual
NIV and the final values for the standard and autotitrating
NIV. One patient had supplemental oxygen entrained for the
entire study. Five patients had their settings altered after entry
into a treatment arm to facilitate comfort and sleep initiation:
four on autotitrating NIV and one on standard NIV. One
patient had IPAP altered (standard NIV), four had back-up RR
altered, two had target alveolar ventilation altered and one had
maximum PSV decreased.

Mean overnight Sa,O2 and Ptc,CO2 values, sleep stage and HRV
information for the two ventilators are given in table 3. There
was no significant difference in the mean or minimum overnight
Sa,O2, Sa,O2 desaturation index, arousals, sleep efficiency, sleep
latency, total sleep time, HRV or compliance. Individual and
group mean overnight Sa,O2 data at the end of each treatment
period are shown in figure 3a. However, the mean and
maximum overnight Ptc,CO2 were higher on autotitrating
compared with standard NIV (median (interquartile range) 7.2
(6.7–7.7) versus 6.7 (6.1–7.0) kPa (p,0.001), and mean¡SD

8.1¡0.82 versus 7.3¡0.65 (p ,0.001), respectively; fig. 4a and
b). There was less stage 1 sleep as a percentage of total sleep time
on autotitrating compared with standard NIV (16¡9 versus
19¡10%; p50.005; fig. 3b) but no significant difference in other
sleep stages. The order of ventilator use did not have a significant
effect on the differences observed.

TABLE 2 Settings for patient’s usual noninvasive ventilation (NIV), standard NIV and autotitrating NIV

ID Usual ventilator settings Standard NIV Autotitrating NIV

EPAP

cmH2O

IPAP

cmH2O

RR

breaths?min-1

EPAP

cmH2O

IPAP

cmH2O

RR

breaths?min-1

EPAP

cmH2O

Minimum

PSV

cmH2O

Maximum

PSV

cmH2O

Target alveolar

ventilation

L?min-1

RR

breaths?min-1

1 6.5 25 19 6.5 25 19 6.4 3 18.6 2.60 30

2 NA 25 20 4 25 20 4 3 21 1.97 26

4 NA 24 17 4 24 17 4 3 18 1.87 23

7 7 27 19 7 27 19 7 3 18 4.25 25

10 NA 24 15 4 24 20 4 3 18 4.42 25

11 7 25 14 7 25 14 7 3 18 2.89 20

12 NA 26 16 4 12 15 4 3 21 4.93 22

13 NA 18 17 4 18 17 4 3 18 2.80 30

14 NA 25 15 4 25 15 4 3 18 3.06 25

15 NA 22 16 4 22 16 4 3 21 3.65 30

16 NA 18 17 4 18 20 4 3 20 3.23 30

17 NA 20 16 4 20 16 4 3 21 4.16 22

20 NA 23 15 4 23 15 4 3 21 2.46 26

21 NA 21 15 4 21 15 4 3 21 4.33 30

22 NA 20 26 4 20 26 4 3 18 2.89 27

23 4 10 10 4 10 10 4 3 17 1.87 20

24 NA 24 11 4 20 10 4 3 21 3.82 25

25 NA 21 17 4 19 14 4 3 21 4.25 22

27 NA 18 13 4 18 13 4 3 20 3.23 19

28 NA 20 15 4 19 15 4 3 21 2.90 26

ID: patient number; EPAP: expiratory positive airway pressure; IPAP: inspiratory positive airway pressure; RR: respiratory rate; PSV: pressure-support ventilation; NA: not

applicable. 1 cmH2O50.098 kPa.
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Performance of the ventilators differed as expected: mean¡SD

minute ventilation was significantly lower on autotitrating
NIV than standard NIV (5.4¡1.87 versus 9.0¡3.07 L?min-1;
p,0.001). The mean¡SD median mask leak for each patient
during autotitrating NIV and standard NIV was 0.07¡0.11 and
0.28¡0.30 L?s-1 (p,0.001), which is within the manufacturer’s
guidelines for acceptable mask leak and indicates that
autotitrating NIV adjusted for leak more effectively.

There was no significant difference in spirometry or respira-
tory muscle strength tests at baseline and the end of each
treatment period (table 4), or between the mean subjective
tolerance scores for the two ventilators (table 5). The majority
of patients preferred autotitrating NIV compared with stand-
ard NIV (fig. 5), though four patients strongly preferred the
standard NIV. The mean VAS score for ventilator preference
was 0.01¡4.00. There was no correlation between order of
ventilator use and preference.

Two patients developed chest infections: one was admitted to
hospital electively for 2 days during the standard NIV
treatment period, the other was ill during the autotitrating
NIV treatment period but was not admitted to hospital. The
number of days on the treatment period during illness was
increased to 59 and 61 days, respectively, to allow the patients
to recover prior to evaluation of the ventilator.

DISCUSSION
Automatic titration of NIV using the AutoVPAP produced
comparable control of nocturnal oxygenation to standard NIV
(VPAP III) that was set clinically, and there were no significant
differences in sleep efficiency, total sleep time, sleep latency,
arousals, HRV or compliance between set-up modes. There was
also no significant impact of either ventilator on pulmonary
function and respiratory muscle strength. However, there was a
small significant increase in mean overnight Ptc,CO2 on the
autotitrating device compared with standard NIV. Increased
time spent in deep sleep (stage 3 and 4), significantly reduced
percentage of time spent in stage 1 sleep and decreased arousals
suggest that the quality of sleep was at least as good on
autotitrating NIV as on the expertly set-up standard NIV.
Indeed, the reduction in stage 1 sleep might indicate easier sleep
initiation and a tendency for a longer period of deep sleep, which
in turn may affect nocturnal carbon dioxide level.

A recent study by BATTISTI et al. [15] yielded favourable results
when evaluating the efficacy of autotitrating NIV in achieving
a clinician-set target alveolar ventilation by automatically
varying the PSV within pre-set upper and lower limits. The
study by BATTISTI et al. [15] differed from the current study, as
the clinician determined the target alveolar ventilation, the
variable back-up RR was disenabled, and the patients were
stable and conscious with acute respiratory failure in an

TABLE 3 Overnight sleep parameters, heart rate variability (HRV) and compliance following treatment with standard noninvasive
ventilation (NIV) and autotitrating NIV

Variable Standard NIV Autotitrating NIV Difference (95% CI) p-value

Subjects n 20 20

Mean overnight Sa,O2 % 97 (96–98)# 97 (95–98) -0.04 (-0.22–1.16) 0.42

Minimum overnight Sa,O2 % 86 (75.3–91.8)# 91 (88.0–95.0) -2.0 (-11.25–0.75) 0.12

Sa,O2 desaturation index events?h-1 1.2 (0.33–6.36)# 0.9 (0.00–2.49) 0.2 (-0.81–2.32) 0.58

Mean overnight Ptc,CO2 kPa 6.7 (6.1–7.0)# 7.2 (6.7–7.7) -0.80 (-1.18– -0.42) ,0.001*

Maximum overnight Ptc,CO2 kPa 7.3¡0.65# 8.1¡0.82 -0.79(-1.14– -0.45) ,0.001*

HRV HF" ms2 373¡355 309¡331 64 (-140–269) 0.51

HRV LF" ms2 1198 (639–2593) 930 (505–2152) 168 (-307–337) 0.35

HRV VLF" ms2 7790¡5025 7217¡5195 574 (-1408–2555) 0.55

TST h 6.13 (5.40–6.75) 6.22 (5.18–6.47) -0.02 (-0.63–0.45) 0.86

Sleep latency h 0.32¡0.33 0.37¡0.25 -0.08 (-0.20–0.05) 0.19

Sleep efficiency % 74¡13.0 77¡9.9 -2.68 (-8.29–2.94) 0.33

Stage 1 sleep % TST 19¡10.4 16¡9.0 3.49 (1.05–5.92) 0.005*

Stage 2 sleep % TST 42¡8.8 41¡8.0 1.25 (-2.48–4.98) 0.49

Stage 3 and 4 sleep % TST 25 (18.0–37.4) 31 (22.4–41.7) -4.65 (-9.9– -1.4) 0.11

Stage 3 and 4 sleep h 1.60 (1.10–1.92) 1.65 (1.18–2.30) -0.30 (-0.72– -0.02) 0.08

REM sleep % TST 12¡6.4 12¡5.4 -0.65 (-3.47–2.18) 0.64

Arousals 98¡70.3 82¡62.1 16.0 (-7.00–39.00) 0.16

Arousal index events?hour-1 21¡9.4 18¡9.4 3.5 (-0.17–7.22) 0.06

Ventilator use+ h?day-1 7.9 (6.76–9.50) 7.8 (6.48–9.27) 0.2 (-0.16–0.66) 0.16

Ventilator use days 30¡9.0 28¡5.9 1.5 (-1.9–4.9) 0.37

Ventilator use % days in study 98 (95.7–100.0) 100 (89.6–100.0) 0.0 (-3.8–1.8) 0.97

Data are expressed as mean¡ SD or median (interquartile range), unless otherwise stated. CI: confidence interval; Sa,O2: arterial oxygen saturation; Ptc,CO2:

transcutaneous carbon dioxide tension; HF: high frequency; LF: low frequency; VLF: very low frequency; TST: total sleep time; REM: rapid eye movement. #: n519;
": n516; +: of days used. *: p,0.05, considered significant.

AUTOTITRATING NONINVASIVE VENTILATION J. JAYE ET AL.

570 VOLUME 33 NUMBER 3 EUROPEAN RESPIRATORY JOURNAL



�''

-,

-'

5,

5'

6,

6'

.,

��

�
�$
0
��
7

��������
����������
&����

����������� 
����������
&����

��������
 ��!
&���

����������� 
 ��!
&���

�

�

�
�
��
�
��

��

�

�
�
��
��
��
���
�
�
�

�
�

8

�'

+'

�'

�'

'

*�

�
��
 �
��
��
��
�!

�7

��������
����������

����

����������� 
����������

����

��������
 ��!
&���

����������� 
 ��!
&���

�

�

�

�

�
�

�

�

�

�

�

�

�

�

9�
�

�
�
�
�
�

�

��
�
��
�
�
�
�
�
�

�

�

��

�

�

FIGURE 3. a) Mean overnight arterial oxygen saturation (Sa,O2) and b) stage 1

sleep (as percentage of total sleep time while using ventilator) following treatment

with standard noninvasive ventilation (NIV) and autotitrating NIV. Individual data

and group means are represented. p,0.05 was considered significant. #: p50.42;
": p50.005.
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FIGURE 4. a) Mean overnight transcutaneous carbon dioxide tension (Ptc,CO2)

and b) maximum overnight Ptc,CO2 following treatment with standard noninvasive

ventilation (NIV) and autotitrating NIV. Individual data and group means are

represented. p,0.05 was considered significant. ***: p,0.001.

TABLE 4 Pulmonary function and respiratory muscle strength test results following treatment with standard noninvasive
ventilation (NIV) and autotitrating NIV compared with baseline

Variable Baseline Standard NIV Autotitrating NIV Difference (95% CI) p-value#

Subjects n 20 20 20

FVC L 0.89¡0.40 0.86¡0.41" 0.87¡0.42" 0.016 (-0.04–0.07) 0.54

FEV1 L 0.66¡0.31 0.62¡0.30" 0.62¡0.32" 0.002 (-0.04–0.04) 0.93

FEV1/FVC 0.77¡0.13 0.83¡0.19" 0.79¡0.14" -0.029 (-0.09–0.03) 0.36

PI,max cmH2O 35¡14.5 33¡14.5 35¡15.3 2.133 (-0.44–4.71) 0.11

PE,max cmH2O 69 (0–173) 70 (0–160) 68 (6–189) -0.350 (-4.56–3.86) 0.87

Pmo,w cmH2O 47 (10–194) 58 (10–218) 51 (8–239) -2.400 (-7.55–2.75) 0.36

SNIP cmH2O 28¡9.2 29¡11.0 29¡9.2 -0.150 (-2.36–2.06) 0.89

Data are expressed as mean¡SD or median (range), unless otherwise stated. CI: confidence interval; FVC: forced vital capacity; FEV1: forced expiratory volume in one

second; PI,max: maximal inspiratory pressure at mouth; PE,max: maximal expiratory pressure at mouth; Pmo,w: maximal whistle mouth pressure; SNIP: sniff nasal inspiratory

pressure. #: refers to difference of means between ventilators, taking into account the effect of period, order of use and baseline data; a p-value ,0.05 was considered

significant. ": n519. 1 cmH2O50.098 kPa.
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intensive care unit setting. It demonstrated the ability of
autotitrating NIV to achieve a given target alveolar ventilation
by varying the PSV within pre-set limits, but did not validate
the 1-h learn function or variable back-up RR.

HRV analysis was a novel aspect of the current study. Previous
studies have shown that the low frequency (LF) band power
reflects sympathetic activation, high frequency (HF) band power
reflects parasympathetic activation [16], and very low frequency
(VLF) band power has been associated with Cheyne–Stokes
respiration [17, 18] and OSA [19] in patients with congestive
heart failure. The aim in the current study was to identify any
alteration in cardiac function in patients using autotitrating
compared with standard NIV, and any difference in autonomic
activation that could be attributed to altered ventilation, sleep
fragmentation, or patient–ventilator synchrony. In fact, LF, HF,
VLF and percentage VLF index did not differ significantly on
autotitrating compared with standard NIV.

Limitations of the study
The patient group investigated in the present study had
spirometric values approximately one quarter of that predicted
for the normal population and respiratory muscle strength
approximately half that of the normal population. Despite this
reduced pulmonary function and respiratory muscle strength
(expected for the patients’ conditions), normal daytime blood
gas values demonstrated that the patients were adequately
ventilated during the day. The ventilators were used to
maintain control of nocturnal hypoventilation rather than treat
newly diagnosed patients with uncontrolled arterial blood gas
tensions. It is possible that patients diagnosed de novo with
nocturnal hypoventilation and severe ventilatory failure may
be less well served by autotitration of settings compared with
those with less severe disease, who may be better suited to

initial set-up on autotitrating NIV as they are likely to have
more effective spontaneous ventilation during the 1-h learn
period. This remains to be investigated further.

Target alveolar ventilation and back-up RR are automatically
titrated, whereas EPAP is manually titrated. If EPAP is sub-
optimal, obstructive events may reduce NIV efficacy and
potentially disturb sleep. In the present study, EPAP for both
treatment periods was matched to that of the patient’s usual
ventilator; however, in clinical use EPAP requires manual
titration.

Some patients were initially on single-level positive pressure
ventilators without EPAP. During the trial they had EPAP set
to the lowest limit (4 cmH2O (0.39 kPa)). However, an EPAP of
5 cmH2O (0.49 kPa) has been shown to be beneficial in this
patient group [20].

The majority of patients opted for home polysomnography
rather than laboratory studies. Unattended home polysomno-
graphy has been shown to have higher signal failure rates than
laboratory studies [21–23]. The current authors had a compara-
tively low signal failure rate, possibly due to the limited
mobility of the present patient group and sensor displacement
being lessened by mask and headgear use during the studies.
Home polysomnography appears to have no ‘‘first night
effect’’ [24], and the evidence suggests that the two scenarios
can produce comparable results in respiratory and sleep data
[21, 25]. In the current study, the effect of study location was
minimised by limiting patients to the same location for both
polysomnographic studies.

In summary, automatically titrated NIV and standard NIV in
stable patients with neuromuscular or chest wall disease were
equivalent with regard to mean overnight Sa,O2, and there was
no deterioration in respiratory muscle strength or pulmonary
function. However, the increased mean overnight Ptc,CO2 indi-
cates that the present patient group was mildly under-ventilated
compared with standard NIV, which might, in part, be related to
changes in sleep architecture. The current authors also showed
that, although leak compensation was superior on autotitrated
NIV, mean minute ventilation was significantly reduced. Further
adjustments to the algorithm could address this.

Automatic titration of pressure-support ventilation may hold
promise for the set-up of noninvasive ventilation in nonacute
facilities in which teams are gaining experience in noninvasive
ventilation, and also for home set-ups. Further studies should

TABLE 5 Subjective tolerance data following treatment with standard noninvasive ventilation (NIV) and autotitrating NIV

Variable Standard NIV Autotitrating NIV Difference (95% CI) p-value

Subjects n 20 20

Comfort of breath delivered 74¡15 74¡13 -0.2 (-9.3–8.9) 0.96

Ease of falling asleep 84 (67–95) 86 (74–92) 1.0 (-5.5–6.0) 0.73

Ease of use of vent 90 (76–96) 93 (86–97) -1.5 (-8.5–3.5) 0.28

Liked using vent 75 (62–85) 78 (53–88) -1.5 (-11.0–16.5) 0.83

Data are expressed as mean¡SD or median (interquartile range), unless otherwise stated. Visual analogue scale from 0–100 used to score each question, 0 being a

negative and 100 being a positive response. A p-value ,0.05 was considered significant. CI: confidence interval.
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FIGURE 5. A 10-cm visual analogue scale (VAS) was used to assess patient

ventilator preference following treatment with standard noninvasive ventilation (NIV)

and autotitrating NIV. The VAS centre point indicates no preference for either

ventilator. #: individual preference; ––$––: group mean¡SD.
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examine the efficacy of autotitrating noninvasive ventilation in
other patient groups, such as those with newly diagnosed
nocturnal hypoventilation who are naı̈ve to noninvasive
ventilation.
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