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Syndrome obésité hypoventilation



Définition

Obésité Hypercapnie 
diurne Sans autre cause



RESULTS

Description of the study population
Figure 1 shows the study flow diagram and Table 1
gives patient characteristics at baseline. Regular follow-
up by a pulmonologist was reported for 29.5% of
patients. Around three quarters of patients (73.9%) had
sleep apnoea syndrome and slightly <4% had been pre-
viously diagnosed with OHS (Table S1, Supplementary
Information).
In patients with [HCO3

−
v] < 27 mmol/L, the ran-

domization process allowed a representative group of
patients to be obtained (Table S2, Supplementary

Information). However, after randomization, 48.4%
and 51.3% of patients with a [HCO3

−
v] ≥ 27 and

<27 mmol/L, respectively, declined to consult a
pulmonologist.
With regard to consultation refusal, there was no sig-

nificant difference between the two groups
([HCO3

−
v] ≥ 27 mmol/L vs [HCO3

−
v] < 27 mmol/L,

OR = 0.90; 95% CI = 0.63; 1.29, P = 0.574). The only
difference observed was in the case of patients with
[HCO3

−
v] ≥ 27 mmol/L, where patients declining

assessment by a pulmonologist were significantly older
than those agreeing (63.6 (12.3) vs 58.0 (12.0))
(Table S3, Supplementary Information).

Patients (≥ 18 years) with BMI ≥  30 kg/m2

addressed for routine blood analysis to a pathology laboratory
(n = 1004)

Patients with
[HCO3–

V] ≥ 27 mmol/L
(n = 246)

Patients with
[HCO3–

V] < 27 mmol/L
(n = 458)

Patients with
[HCO3–

V] ≥ or < 27 mmol/L and
regular pulmonologist follow-up

(n = 294)

Excluded for BMI actually < 30 kg/m2

(n = 6)

Plasmatic [HCO3–
V] analysis

(n = 998)

End of study

(n = 224)(n = 234)

Randomization
stratified by

centre

Referral to a
pulmonologist refused

(n = 119)

Agreed to sleep and
respiratory

assessments
(n = 127)

Agreed to sleep and
respiratory assessments

(n = 114)

Referral to a
pulmonologist refused

(n = 120)

Figure 1 Study flow chart. [HCO3
−
v], venous bicarbonate concentration.
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Peut on évaluer un SOH sans examen du sommeil?

IAH < 30/H IAH > 30/H



gender, BMI and AHI (henceforth ‘basic adjustment’).
An additional logistic regression was performed for the change
in the primary outcome with the basic adjustment, weight
change and NIV compliance (more or less than 4 hours of use
per day). Secondary categorical variables were compared
between baseline and 2 months using the χ2 test. Data manage-
ment, statistical analyses and the imputation were performed
using SPSS software (IBM SPSS Statistics V.22.0; IBM Corp,
Armonk, New York, USA).

RESULTS
Of the 365 patients who met the inclusion criteria, 58 were
excluded, 221 had severe OSA and 86 were randomised (figure 1).
Only one patient in each group was a dropout due to non-medical
causes.

Table 1 summarises the baseline demographic data. The
median age of the group was 68 years with a BMI of 40 kg/m2

and with a clear female predominance. The rates of comorbid-
ities were high, especially for hypertension, type 2 diabetes, dys-
lipidaemia and cardiovascular conditions. Patients assigned to
the NIV group had a lower frequency of dyslipidaemia and a
higher frequency of chronic heart failure than patients assigned
to the control group. Table 2 presents the baseline values and
the changes with treatment in the primary and secondary out-
comes. PaCO2 and serum bicarbonate levels improved with both
treatments. The improvements were significantly greater in the
NIV group, both in the unadjusted and adjusted inter-group
comparisons (table 2 and figure 2). Additionally, PaO2 improved
more with NIV without reaching inter-group statistical signifi-
cance. Although the 6-MWD test results improved more with
NIV treatment, it did not reach statistical significance in intra-
or inter-group comparisons.

Figure 2 shows the unadjusted and adjusted OR and 95% CIs
of the PaCO2 change between the NIV and control groups.
Adjustments for weight change and NIV compliance did not
substantially modify the inter-group statistical significances.
Table 3 presents the baseline values and the changes in the ESS
scores, HRQL results and weight with treatments. Although ESS
scores improved in both groups, the degree of improvement was
significantly larger with NIV. Additionally, significant improve-
ments were observed in the mental component of SF-36 and
VAWS questionnaires for the NIV group in the intra-group and
inter-group comparisons although, in the adjusted analysis, only
the mental component of SF-36 remained statistically
significant.

Figure 3 shows the clinical symptoms at baseline and after
2 months. NIV led to statistically significant improvements in
unrefreshing sleep and tiredness compared with controls.
Table 4 presents the baseline values and the changes in polysom-
nographic parameters. As expected, NIV significantly improved

Table 1 Anthropometric characteristics, alcohol and smoking
habits and comorbidities

NIV
(N=40)

Control
(N=46)

All
(N=86)

Gender, male, % 25 17 21
Age, years, median (IQR) 67 (12) 69 (15) 68 (14)
BMI, kg/m2, mean (SD) 40 (6.3) 40 (5.6) 40 (5.9)
Neck circumference, cm, median (IQR) 42 (7) 42 (5) 42 (5.8)
Waist circumference, cm, mean (SD) 123 (15) 119 (12) 121 (14)
Waist/hip ratio, mean (SD) 0.97 (0.1) 0.95 (0.08) 0.96 (0.09)
Active drinker, % 13 9 11
Alcohol, g, median (IQR) 30 (12) 23 (30) 30 (20)
Active smoker, % 7.5 15 12
Pack years, median (IQR) 35 (18) 40 (26) 38 (21)
COPD, %* 5.0 6.5 6.0
Hypertension, % 80 80 80
Drug number, median (IQR) 2 (1) 1 (1) 1 (1)
Diabetes, % 35 41 38
Dyslipidaemia, % 30 54 43
Ischaemic heart disease, % 11 8.7 9.5
Arrhythmia, % 16 7 11
Chronic heart failure, % 37 13 24
Stroke, % 8.1 8.9 8.5
Leg arteriopathy, % 14 15 15
Pulmonary hypertension, % 18 11 14

*Defined as FEV1 >70% of predicted when FEV1/FVC <70.
BMI, body mass index; NIV, non-invasive ventilation.

Table 2 Baseline measurements and changes with treatment related to the primary and secondary outcomes of pulmonary function and blood
pressure measures

Baseline, mean
(SD)/median (IQR)

Intra-group differences,
mean (95% CI)

p Value of inter-group
differences§

NIV Control NIV Control Unadjusted Adjusted

PaCO2, mm Hg 49 (4.0) 49 (3.5) −6 (−7.7 to −4.2)‡ −2.8 (−4.3 to −1.3)‡ 0.006 0.019
Serum bicarbonate, mmol/L 30 (4.1) 29 (3.8) −3.4 (−4.5 to −2.3)‡ −1 (−1.7 to −0.2)* 0.000 0.004
pH 7.400 (0.040) 7.400 (0.030) 0.005 (−0.005 to 0.157) 0.031 (−0.008 to 0.147) NS –

PaO2, mm Hg 64 (10) 67 (10) 4.6 (0.5 to 8.8)* 1.4 (−2.6 to 5.5) NS –

FEV1, % 72 (16) 80 (20) 1.8 (−2.7 to 6.4) 1.9 (−1.2 to 5.1) NS –

FVC, % 75 (21) 82 (20) 4.7 (−4.2 to 14) 2.9 (−0.5 to 6.3) NS –

6-MWD, m 309 (105) 349 (105) 29 (−16 to 74) −7.2 (−25 to 11) NS –

Systolic BP, mm Hg 136 (18) 136 (15) −4.2 (−11 to 2.5) −4.3 (−10 to 1.7) NS –

Diastolic BP, mm Hg 80 (16) 80 (18) 0.5 (−5.3 to 6.2) −1.2 (−5.4 to 2.9) NS –

Median (IQR) values are shown in italic.
Bold type indicates statistical significance.
p Values of intra-group differences (2 months − baseline): *p<0.05; †p<0.01; ‡p<0.001.
§p Values of inter-group differences unadjusted or adjusted by basic adjustment (baseline values of the variable analysed and age, gender, BMI and AHI).
6-MWD, 6 min walk distance; AHI, apnoea–hypopnoea index; BMI, body mass index; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; PaCO2, arterial carbon dioxide
tension; PaO2, arterial oxygen tension; NIV, non-invasive ventilation.
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visits. Post hoc analysis of adherence subgroups showed
that high level of adherence to NIV was associated with
reduced ED visits and mortality.

Most hospitalizations and deaths in untreated patients
with OHS seem to be caused by respiratory
complications such as acute-on-chronic respiratory
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Figure 2 – A-D, Adjusted longitudinal changes of arterial blood gases during follow-up (mean and 95% CI). P values correspond to longitudinal
changes for treatments and for intergroup control and NIV comparison from linear mixed-effects regression model: (A) PaCO2 changes, (B) HCO3

!

changes, (C) pH changes, and (D) PaO2 changes. HCO3
! ¼ bicarbonate. See Figure 1 legend for expansion of other abbreviation.
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e-Figure 4: Cumulative incidence according to time to the first emergency department visit by Kaplan-
Meier analysis  

  
Abbreviations: NIV = noninvasive ventilation; and HR = hazard ratio. 
Kaplan-Meier curves: Panel A correspond to intention-to-treat analysis; panel B to per-protocol analysis; 
and panel C to the adherence subgroups analysis. NIV arm had longer time to the first emergency 
department visits with statistical differences in the per-protocol analysis. 
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Monsieur S en 2007

IMC 39kg/m2 DNID
Dyslipidémie HTA



Monsieur S en 2007

Unité de soins 
intensifs

Dyspnée
OMI

Crépitants

Ronflements
SDE

Céphalées 
matinales

Condition pH PaCO2 (kPa) PaO2 (kPa) Bicarbonates 
(mmol/l)VS AA 7,39 7,3 (55mmHg) 5,8 (43,5mmHg) 32



Vous êtes le médecin de garde, que faites-vous?

Polygraphie Assistance 
respiratoire



Résultats de la polygraphie

IAH 68/H 60% du temps 
<90%
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PPC? VNI?
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primary and secondary outcomes. A few observational 
and registry studies have shown increased health-care 
resource utilisation in patients with obesity hypo-
ventilation syndrome compared with the general 
population and patients who are obese without 
hypoventilation;7 age-matched, sex-matched, and socio-
economic status-matched citizens;16 and patients who 
are obese without hypoventilation.40 In addition, there 
was a reduction in health-care resource utilisation after 
initiating nocturnal positive airway pressure therapy.7 In 
our study, hospital isation days in patients treated with 
positive airway pressure were even lower than a previous 
retrospective study7 (2∙5 days per year vs 1∙6 days per 
year in our continuous positive airway pressure group 
and 1∙4 days per year in our non-invasive ventilation 
group). A few studies reported that most hospitalisations 
and deaths in untreated patients with obesity 
hypoventilation syndrome were due to respiratory 
complications such as acute-on-chronic respiratory 
failure and pulmonary embolism.14,40,41 However, in 

cohorts of patients with obesity hypo ventilation 
syndrome treated with non-invasive ventilation for an 
average of 7 years or 2∙5 years, 48% and 90% of the 
deaths, respectively, were due to cardiovascular events.4,42 
In our study, the most common cause of death 
in patients treated with positive airway pressure was of 
cardiovascular origin (56% for continuous positive 
airway pressure and 54% for non-invasive ventilation). 
This finding suggests that either treatment might 
reduce morbidity and mortality due to respiratory 
causes but has less effect on cardiovascular outcomes. 
However, it is important to acknowledge that without a 
control group in our trial, it is difficult to assess the 
long-term effect of continuous positive airway pressure 
or non-invasive ventilation therapy on cardiovascular 
outcomes in patients with obesity hypoventilation 
syndrome. Importantly, despite adequate adherence to 
positive airway pressure therapy, cardiovascular event 
rate remains clinically significant and highlights 
the importance of a holistic approach that includes 

Figure 4: Adjusted longitudinal changes of arterial blood gases, bicarbonate, and pH during follow-up
Data are mean and error bars are 95% CIs. Numbers at risk are the same in all four panels. p values correspond to unadjusted and adjusted longitudinal changes for positive airway pressure and for the 
intergroup CPAP and NIV comparison from the linear mixed-effects regression model. CPAP=continuous positive airway pressure. NIV=non-invasive ventilation. *Unadjusted p values were adjusted 
only for centre of enrolment. †Adjusted p values were adjusted for centre of enrolment, age, sex, smoking status, and forced vital capacity.
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SOH apnéique en post-aigu

for all participants, p<0.01, figure 4A). Generic and respiratory-
specific HRQoL also improved from baseline to 3 months in
both groups with improvements in all subscales apart from
bodily pain (see figure 4B, C and online supplementary table
S1). This included improvement in the subscales related to
mental health and physical function. There were no significant
group by time interactions.

Cardiovascular risk factors, physical activity and pulmonary
function
There was no difference in cardiovascular risk markers between
the Bi-level PAP and CPAP groups (table 2). Total cholesterol
and high-density lipoprotein both increased after 3 months;
however, there was also a non-significant trend to a rise in low-
density lipoprotein. Haemoglobin A1C fell slightly and there
was no change in blood pressure. Weight also fell in both
groups with an average loss of 6.7 kg for all participants over
3 months (figure 4D), with non-significant increases in physical
activity (table 2). Maximal inspiratory pressure increased in
both groups (table 2).

Predictors of persistent ventilatory failure
An exploratory analysis assessed the relationship between per-
sistent ventilatory failure at 3 months (PaCO2 >45 mm Hg) and
predictor variables (see online supplementary table S2). Only
PaCO2 at initial presentation was significantly related to persist-
ent ventilatory failure (OR 2.3, p=0.03). Those in the highest
quartile at presentation (PaCO2 >62 mm Hg) had more than an
eightfold increased risk of persistent ventilatory failure (OR 8.2,
p=0.02) compared with those in the lowest quartile (PaCO2

≤50 mm Hg). Consistent with this finding, those with a lower
pH or higher bicarbonate at presentation had a non-significant
trend towards increased risk of persistent ventilatory failure at
3 months. Similar trends were observed with increasing age,
lower absolute FEV1 and lower baseline respiratory disturbance
index on polysomnography.

DISCUSSION
In those with recently diagnosed OHS, this project found that
CPAP and Bi-level PAP had similar rates of treatment failure and
provided similar improvements in control of ventilatory failure,
HRQoL and cardiovascular risk factors after 3 months of treat-
ment, although there was a trend for ventilatory failure to remit
more rapidly in the Bi-level PAP group. The project population
included those with severe ventilatory failure and also used a
controlled mode of ventilation in the Bi-level PAP group in
order to provide this therapy in its optimal form and maximise
the likelihood of identifying a difference between the groups.
Persistent mild ventilatory failure was common after 3 months
of treatment, with the severity of ventilatory failure at presenta-
tion the only clear predictor. These findings suggest that CPAP
can be safely used to treat isolated OHS of all severities follow-
ing initial stabilisation and with careful monitoring.

The very high mortality and morbidity associated with OHS
has led clinicians to use PAP therapies in order to minimise
these risks. While CPAP can result in substantial improvements
in ventilatory failure in patients with severe obesity hypoventila-
tion, it is clear that nocturnal hypoventilation and daytime
hypercapnia may persist in some patients with OHS on this
treatment.8 This is perhaps not surprising given that CPAP

Figure 3 Daytime arterial blood gas analysis: (A) PaCO2; (B) PaO2; (C) Bicarbonate. Daytime arterial blood gas analysis at baseline
(randomisation), 1 and 3 months after treatment with Bi-level positive airway pressure (PAP) or CPAP (means and 95% CIs).

441Howard ME, et al. Thorax 2017;72:437–444. doi:10.1136/thoraxjnl-2016-208559
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Suspected OHS†

Ambulatory stable obese
patient

Hospitalized obese patient
with hypercapnic
respiratory failure

Initiate NIV treatment

NIV with empiric settings
recommended at hospital

discharge*

Discharge with NIV
not feasible*

Sleep study/PAP titration
within 3 months

CPAP titration and treatment NIV titration and treatment

Case-by-case assessment

Continue CPAP therapy Change to NIV therapy

Low/moderate
probability of OHS

High probability of
OHS

OHS highly unlikelyPerform ABG

Hypercapnia confirmed?

Yes

No

Sleep study/PAP titration

Consider bariatric surgeryConsider bariatric surgery

Serum bicarbonate
�27 mmol/l

Perform other
studies or treatments

Serum bicarbonate
t27 mmol/l

OHS and severe OSA OHS with no OSA or
mild/moderate OSA

OHS Confirmed OHS not confirmed

Adequate treatment of OHS Inadequate treatment of OHS

Figure 1. Flowchart summarizing the panel’s recommendations. Obesity hypoventilation syndrome (OHS) may be suspected when symptoms lead to
pulmonary or sleep consultation in stable conditions as an outpatient or during an episode of hospitalization due to acute-on-chronic hypercapnic
respiratory failure. In the outpatient setting, the panel recommends performing a measurement of arterial blood gases (ABG) to confirm daytime
hypercapnia for patients with high pretest probability of OHS (for example, very symptomatic patients with a body mass index [BMI] .40 kg/m2) or assess
serum bicarbonate levels in cases in which there is a moderate or low pretest probability of OHS (for example, less symptomatic patients with a BMI of
30–40 kg/m2). When the bicarbonate level is >27 mmol/L, the panel recommends a confirmatory measurement of ABG to confirm the presence of
hypercapnia and to carry out a sleep study to ascertain the presence and severity of sleep-disordered breathing. If the serum bicarbonate level is
,27 mmol/L, OHS is highly unlikely. For management of hospitalized patients in acute-on-chronic respiratory failure treated with noninvasive ventilation (NIV)
treatment, the panel recommends that patients be discharged on empiric NIV settings because of high risk of short-term (3 mo) mortality without therapy.
The panel also recommends evaluation with a sleep study and positive airway pressure (PAP) titration in the sleep laboratory as early as possible after
discharge from the hospital, ideally within 3 months of discharge. If the sleep evaluation demonstrates OHS and severe obstructive sleep apnea (OSA)
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Figure 1. Flowchart summarizing the panelÕs recommendations. Obesity hypoventilation syndrome (OHS) may be suspected when symptoms lead to
pulmonary or sleep consultation in stable conditions as an outpatient or during an episode of hospitalization due to acute-on-chronic hypercapnic
respiratory failure. In the outpatient setting, the panel recommends performing a measurement of arterial blood gases (ABG) to conÞrm daytime
hypercapnia for patients with high pretest probability of OHS (for example, very symptomatic patients with a body mass index [BMI]. 40 kg/m2) or assess
serum bicarbonate levels in cases in which there is a moderate or low pretest probability of OHS (for example, less symptomatic patients with a BMI of
30Ð40 kg/m2). When the bicarbonate level is> 27 mmol/L, the panel recommends a conÞrmatory measurement of ABG to conÞrm the presence of
hypercapnia and to carry out a sleep study to ascertain the presence and severity of sleep-disordered breathing. If the serum bicarbonate level is
, 27 mmol/L, OHS is highly unlikely. For management of hospitalized patients in acute-on-chronic respiratory failure treated with noninvasive ventilation (NIV)
treatment, the panel recommends that patients be discharged on empiric NIV settings because of high risk of short-term (3 mo) mortality without therapy.
The panel also recommends evaluation with a sleep study and positive airway pressure (PAP) titration in the sleep laboratory as early as possible after
discharge from the hospital, ideally within 3 months of discharge. If the sleep evaluation demonstrates OHS and severe obstructive sleep apnea (OSA)
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• Compte-tenu :


De l’hypercapnie


De la décompensation cardiaque


De l’hématose diurne et nocturne


• Mise en place d’une VNI + OLD :


IPAP 18cmH2O EPAP 7cmH2O FR 14/min + 3L d’O2

Monsieur S



Date Condition pH PaCO2 (kPa) PaO2 (kPa) Bicarbonates 
(mmol/l)

11/2008 VS AA 7,42 6,4 (48) 7,6 31,1

11/2008 VNI 3L 7,44 6,1 (46) 13,8 31,2

06/2009 VS AA 7,39 5,7 (43) 9,18 25,4

06/2009 VNI 2L 7,39 5,6 (42) 13,8 25,0

Monsieur S évolue favorablement



Faites vous un relai VNI par PPC?

PPC? VNI?



Condition pH PaCO2 (kPa) PaO2 (kPa) Bicarbonates (mmol/l)
VS AA réveil 7,43 5,95 (44,6) 9,16 (68,7) 29,5

• Toujours pas d’exacerbation, toujours normocapnique


Toujours avec une Smartair


Poids + 9kg comparativement à 2009


• Hospitalisation pour ré-évaluation 


IAH 38/h en VS AA


Temps passé saturation < 90%: 37%

Monsieur S en 2016



Faites vous un relai VNI par PPC?

PPC? VNI?



Proposition Monsieur S

Relai APAP
8-16cmH20

Une 
hospitalisation
« Moins bien »



Que faites-vous?

Analyse données 
machine Gaz du sang



Condition pH PaCO2 (kPa) PaO2 (kPa) Bicarbonates 
(mmol/l)VS AA diurne 7,38 6,1 (45,8) 8,9 26,6
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Fuites 0L/min IAH résiduel 3/H PEP 95:
11cmH20

Adaptation de la PPC et de l’interface



Condition pH PaCO2 (kPa) PaO2 (kPa) Bicarbonates (mmol/l)
Diurne VS AA 7,43 5,8 (43,5) 11,2 (83) 27,6
PPC AA réveil 7,36 7,1 (53,3) 9 (67,5) 29,9
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Capnographie sous PPC



Que faites-vous?

Reprise VNI Maintien de la PPC



Reprise de la VNI

Condition pH PaCO2 (kPa) PaO2 (kPa) Bicarbonates (mmol/l)
Diurne VS AA 7,49 6,3 (47,3) 9,6 (72) 29,1

VNI AA 7,47 5,3 (39,8) 10,1 (75,8) 29,1



disease; it also leads to the use of more healthcare
resources and lowers the health-related quality of life
(HRQL) of affected individuals.5,6 Currently considered a
major public health problem, streamlining diagnosis, rec-
ognizing phenotypical characteristics and optimizing
treatment remain a clinical challenge.7Ð9

Positive airway pressure is the gold standard therapy
for OHS. It can be administered as either continuous posi-
tive airway pressure (CPAP) or non-invasive ventilation
(NIV), with both therapies aiming to restore upper airway
patency and reverse alveolar hypoventilation.10,11 Impor-
tantly, selection of the therapy mode is a matter that must
be carefully addressed, given its relevant economic impli-
cations; indeed, the price of a CPAP device is approxi-
mately one-third of that of an NIV device (Appendix S1 in
Supplementary Information).12 Moreover, a CPAP device
is easier to use, smaller and less noisy.

Three randomized controlled trials comparing the
ef! cacy of CPAP and NIV in patients with mild to mod-
erate OHS have showed that both therapy modes
yielded similar improvements in gas exchange, diurnal
symptoms and sleep architecture.12Ð14

On the basis of these! ndings and the discussed consid-
erations, CPAP presents as a more preferable mode of
therapy in these patients. Nevertheless, OHS continues to
be one of the most frequent indications for home NIV
therapy worldwide, with an increasing trend.15,16 This
probably relates to the fact that up to 50% of OHS patients
are diagnosed and initiated on NIV during an acute

episode, and subsequently discharged on NIV.14 It is also
worth noting that some physicians underestimate the
potential effectiveness of CPAP therapy in OHS, which
subsequently favours NIV initiation.

It has been suggested that following therapy initiation,
OHS patients become stable after a certain amount of
time. This is due to a resetting of the respiratory drive cen-
tre, which, in turn, allows an improved response to
hypercapnia.17Ð19 Accordingly, a CPAP device might be
suf! cient to effectively treat hypoventilation in this cohort
of patients.20 The aim of the present study was to probe
the safety and short-term ef! cacy of switching stable OHS
patients from NIV (! 3 months) to CPAP therapy,
irrespective of the reasons that led to NIV initiation. It was
hypothesized that gas exchange, sleep quality, patient sat-
isfaction and lung function would remain unchanged.
Furthermore, this is the ! rst trial to use an auto-adjusted
CPAP (APAP) device under polysomnography (PSG) as a
titration method in OHS patients.

METHODS

Study design
This was a prospective multicentre interventional open-
label study registered in a publically accessible database
(ID: DRKS00008943). Patients were recruited from August
2015 to August 2016 in the sleep units of the following hos-
pitals: Cologne Merheim Hospital, Cologne;

Figure 1 Study Õs ! ow diagram. Please note that " ve patients who met the APAP failure criteria were allowed to switch to CPAP therapy after
presenting an informed request to do so. APAP, auto-adjusted CPAP; COPD, chronic obstructive pulmonary disease; CPAP, continuous posi-
tive airway pressure; GOLD, Global Initiative for Obstructive Lung Disease; NIV, non-invasive ventilation; OHS, obesity hypoventilation syn-
drome; PaCO2, partial pressure of carbon dioxide; PSG, polysomnography; P tcCO2, transcutaneous capnography; SpO 2, oxygen saturation
measured with pulse oximetry. CPAP success criteria: maintaining daytime PaCO 2 levels of ! 45 mm Hg after the home CPAP period.
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(interquartile range: ! rst to third quartiles). For nor-
mally distributed data, means were compared using
the StudentÕs t-test and for non-normally distributed
data the Wilcoxon Rank test was used. FisherÕs exact
test was performed to test for the equality of propor-
tions to compare adequate adherence to therapy
(>4 h/night) among patients. For all tests, a level of sig-
ni! cance was de! ned asP ! 0.05.

RESULTS

Patient characteristics
A total of 252 patients presented to the CPAP failure
clinic between 2014 and 2017, 52 of them met the
inclusion criteria for this cohort study. They were pre-
dominantly male, obese and middle-aged patients
(71% male, age: 58 (15) years, BMI: 42.6 (10.1) kg/m2)
with severe OSA (AHI: 51.1 (30.4) /h). The most com-
mon co-morbidities were type 2 diabetes mellitus,
hypertension and respiratory conditions such as COPD,
asthma and chronic hypercapnic respiratory failure
(Table 1). However, there was no signi! cant airway
obstruction when this group presented, neither when
CPAP was initiated (FEV1: 2.4 (1.0) L; FVC: 2.9 (2.5Ð3.0)
L) nor when BPAP was commenced (FEV1: 2.1 (1.1) L;
FVC: 2.5 (1.8Ð3.4) L; P = 0.374 andP = 0.086, respec-
tively). Daytime oxygenation was within normal range
(SpO2: 95.0 (93.0Ð97.0) prior to CPAP vs 96.0
(95.0Ð98.0)% prior to BPAP;P = 0.084). Most patients
had moderateÐsevere OSA (48%), 23% had combined
OSAÐobesity hypoventilation syndrome (OHS), 10%
had OSAÐCOPD overlap syndrome, 10% had an overlap
of OSAÐOHSÐCOPD, 8% had mixed sleep apnoea and
2% were diagnosed with mild OSA only. The identi! ed

patients with OHS had particularly elevated CO2 levels
while asleep, whereas the daytime blood gas analysis of
the cohort revealed marginally elevated levels and indi-
cated compensated chronic abnormalities; while
awake, these patients had only mildly low partial pres-
sure of oxygen (pO2) 9.3 (1.5) kPa, borderline to nor-
mal partial pressure of carbon dioxide (pCO2) 6.0 (0.7)
kPa and slightly elevated bicarbonate levels at 26.9
(2.9) mmol/L, with a neutral pH 7.4 (0.0).

CPAP therapy
Patients had been on CPAP therapy of 16.8 (15.7Ð19.2)
cm H2O for 199 (106Ð477) days prior to BPAP setup
and the median usage of CPAP was 2.5 (1.6Ð6.7)
h/night. The BPAP settings used included an IPAP of
21 (5) cm H2O, an EPAP of 10 (8Ð12) cm H2O, Ti was
1.2 (1.2Ð1.4) s and the backup rate (BUR) was
14 (10Ð14)/min. Reasons for limited CPAP usage were
high pressures, uncontrolled symptoms, mask prob-
lems and other adverse effects of the treatment
(Table 2). The main issues with the mask included gen-
eral discomfort (69%), leaking (15%), trouble with the
! tting (8%) and dif! culty wearing the mask while
sleeping prone (8%). Adverse effects experienced by
patients on CPAP therapy were dry mouth (30%), head-
aches (14%), nausea (14%), aerophagy (14%), skin
sores/infection (14%) and nasal congestion (14%);
memory problems and the need for other clinical inter-
ventions were less common causes.

Ten patients reported interface-related dif! culties
when using BPAP and six had suboptimal adherence.
Reasons for suboptimal adherence were mask leak
(n = 3), claustrophobia (n = 2) and waking at night feel-
ing breathless (n = 1). The other four patients reported
a dry throat, uncomfortable mask straps, mask leak and
disturbance of their partners.

CPAP versus BPAP therapy
The baseline AHI was 51.1 (30.4) /h and the 4% ODI
was 53.5 (37.6) /h. During the! rst titration night on
CPAP therapy, the AHI was 26.2 (19.0) /h (P = 0.008)
and the 4% ODI was 21.9 (19.7) /h (P = 0.02). Com-
pared to CPAP, the titration night using BPAP resulted
in a similar reduction of the 4% ODI (25.2 (24.5) /h;
P = 0.75). Once patients were established on the
respective domiciliary treatment, both CPAP and BPAP
controlled OSA and reduced the ODI to <5/h for at
least the last hour during the titration night.

Adherence to CPAP and BPAP therapy was signi! -
cantly different at 6-week follow-up (2.5 (1.6Ð6.7) on
CPAP vs 7.0 (4.0Ð8.5) h/night on BPAP (P = 0.028)).
75.7% of patients achieved an adequate nightly adher-
ence (adherence>4 h/night) using BPAP compared to
42.9% of patients using CPAP therapy (P = 0.045). Both
therapies improved subjective sleepiness measures.
The baseline ESS (16.0 (8.0Ð19.0) points) dropped sig-
ni! cantly more with BPAP usage than with CPAP (ESS
on CPAP 10.0 (6.0Ð17.0) vs ESS on BPAP 4.0 (1.0Ð7.0)
points; P = 0.039). On BPAP, patients required a lower
EPAP compared to the previously used CPAP levels
(10 (8Ð12) cm H2O vs 16.8 (15.7Ð19.2) cm H2O;
P = 0.001) to maintain suf! cient control of OSA.

Table 1 The prevalence of co-morbidities in the studied
cohort of patients with OSA (%)

Co-morbidity Patients affected (%)

Diabetes mellitus (type II) 56
Respiratory 48
Hypertension 38
Neurological 25
Cardiovascular 17

Respiratory co-morbidities included asthma (4 patients), bron-
chiectasis (1 patient), chronic respiratory failure (6 patients),
COPD (10 patients), cough syncope (1 patient), emphysema (1
patient), lung cancer (1 patient), mixed sleep apnoea (4 patients),
obesity hypoventilation syndrome (17 patients), persistent pleu-
ral effusion (1 patients) and primary pulmonary hypertension (1
patient). Neurological co-morbidities included benign intracra-
nial hypertension (1 patient), Charcot ÐMarie ÐTooth disease (1
patient), delayed sleep phase syndrome (1 patient), motor axo-
nal neuropathy Guillain ÐBarrŽ syndrome variant (1 patient),
myotonic dystrophy (1 patient), narcolepsy with cataplexy (1
patient), paralysed hemi-diaphragm (3 patients), post-polio syn-
drome (1 patient) and restless leg syndrome (1 patient). Cardiac
co-morbidities included atrial ! brillation (2 patients), dilated car-
diomyopathy (1 patient), heart failure (3 patients), ischaemic
heart disease (1 patient), mitral regurgitation (1 patient) and
tachycardia (1 patient).

OSA, obstructive sleep apnoea.

Respirology (2019) © 2019 Asian Paci ! c Society of Respirology
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�t27 mmol/l
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OHS with no OSA or
mild/moderate OSA

OHS Confirmed OHS not confirmed

Adequate treatment of OHS Inadequate treatment of OHS

Figure 1. Flowchart summarizing the panelÕs recommendations. Obesity hypoventilation syndrome (OHS) may be suspected when symptoms lead to
pulmonary or sleep consultation in stable conditions as an outpatient or during an episode of hospitalization due to acute-on-chronic hypercapnic
respiratory failure. In the outpatient setting, the panel recommends performing a measurement of arterial blood gases (ABG) to conÞrm daytime
hypercapnia for patients with high pretest probability of OHS (for example, very symptomatic patients with a body mass index [BMI]. 40 kg/m2) or assess
serum bicarbonate levels in cases in which there is a moderate or low pretest probability of OHS (for example, less symptomatic patients with a BMI of
30Ð40 kg/m2). When the bicarbonate level is> 27 mmol/L, the panel recommends a conÞrmatory measurement of ABG to conÞrm the presence of
hypercapnia and to carry out a sleep study to ascertain the presence and severity of sleep-disordered breathing. If the serum bicarbonate level is
, 27 mmol/L, OHS is highly unlikely. For management of hospitalized patients in acute-on-chronic respiratory failure treated with noninvasive ventilation (NIV)
treatment, the panel recommends that patients be discharged on empiric NIV settings because of high risk of short-term (3 mo) mortality without therapy.
The panel also recommends evaluation with a sleep study and positive airway pressure (PAP) titration in the sleep laboratory as early as possible after
discharge from the hospital, ideally within 3 months of discharge. If the sleep evaluation demonstrates OHS and severe obstructive sleep apnea (OSA)
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d em on st r at ed i n su b ject s b r eat h i n g at l ow l u n g v ol -
u m es d u e to ch est st r ap p i n g (5 ) or v ol u n t ar i l y r ed u ci n g
t h e b r eat h i n g l ev el t o R V (4 ). S i g n i Þ can t cl osi n g v ol -
u m es an d d ecr eased ex p i r ator y ß ow s n ear R V h av e a l so
b een fou n d i n a su b g r ou p of h ea l t h y su b ject s w h ose
b od y w ei g h t w as h i g h er an d R V w as l ow er com p ar ed
w i t h ot h er s (3 1 ) an d i n O S (7 ). I n ag r eem en t w i t h
ear l i er st u d i es (2 1 , 2 5 , 3 6 ), E R V i n O S i n t h i s i n v est i g a-
t i on w as con si d er ab l y l ow er com p ar ed w i t h E R V i n C S .
W h en O S ch an g e t h ei r b od y p osi t i on fr om u p r i g h t t o

su p i n e, E R V i s fu r t h er r ed u ced to v er y l ow v a l u es an d
su b ject s b r eat h e cl ose to R V (2 , 3 2 ). W h er eas m ost
st u d i es h av e sh ow n t h at i n , su p i n e O S , F R C i s l ow er
com p ar ed w i t h t h e u p r i g h t si t t i n g p osi t i on (2 , 2 6 , 3 2 ),
on e r ecen t l y p u b l i sh ed i n v est i g at i on h as fou n d on l y
m i n or d i ffer en ces i n F R C , w h er eas r esi st an ce of t h e
r esp i r ator y sy st em w as si g n i Þ can t l y i n cr eased (3 5 ).
T h e au t h or s sp ecu l at ed t h at t h e p osi t i on -r e l at ed i n -
cr ease i n sp eci Þ c r esi st an ce ei t h er m i g h t b e a con se-
q u en ce of a i r w ay n ar r ow i n g d u e to t h e en h an ced i n -
cr ease i n i n t r at h or aci c b l ood v ol u m e or m i g h t b e i n d u ced
b y ex t r at h or aci c a i r w ay n ar r ow i n g . O S A i s associ at ed
w i t h p h ar y n g ea l n ar r ow i n g i n t h e aw ak e st at e com -

F i g . 3 . R ecor d s of ß ow , P ao, esop h ag ea l
p r essu r e (P es), g ast r i c p r essu r e (P g a),
an d t r an sd i ap h r ag m at i c p r essu r e (P d i )
i n 1 ob ese su b ject i n su p i n e p osi t i on .
D ot t ed l i n es, 0 v a l u es; 1 st v er t i ca l l i n e,
st ar t of i n sp i r ator y effor t (p r essu r e d e-
cay of P es an d r i se i n P d i ); 2 n d v er t i ca l
l i n e, st ar t of i n sp i r ator y ß ow . F a l l i n
P es d u r i n g t i m e d el ay of 2 n d v er t i ca l
l i n e com p ar ed w i t h 1 st l i n e i n d i cat es
i n t r i n si c p osi t i v e en d -ex p i r ator y p r es-
su r e (P E E P i ).

F i g . 4 . P E E P i d u r i n g d i ffer en t b od y p osi t i on s. F or ob ese su b ject s (n !
6 ) i n d i v i d u a l v a l u es an d m ean v a l u es (sm al l sol i d h or i z on t a l l i n es)
ar e d i sp l ay ed , w h er eas v a l u es i n n or m al -w ei g h t con t r ol su b ject s (n !
6 ) ar e g r ou p m ean s " S D . * P # 0 .0 0 1 , ob ese su b ject s v s. con t r ol s.
* * P # 0 .0 5 , su p i n e v s. si t t i n g an d su p i n e v s. r i g h t l at er a l .

F i g . 5 . I n sp i r ator y m u scl e act i v i t y (m ean P d i ) d u r i n g d i ffer en t b od y
p osi t i on s. Val u es ar e m ean s " S D . q , O b ese su b ject s (n ! 6 ); j ,
n or m al -w ei g h t con t r ol su b ject s (n ! 6 ).* P # 0 .0 0 1 , ob ese su b ject s v s.
n or m al -w ei g h t con t r ol su b ject s. * * P # 0 .0 5 , su p i n e v s. r i g h t l at er a l .

1 2 4 1F L O W L I M I T AT I O N AN D I N T R I N S I C P E E P I N O B E S I T Y
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on the expiratory port of the ventilator; however, most devices do not allow the possibility of monitoring
VTexp, owing to an intrinsic feature of the circuit (i.e. ventilators with a single limb that are not provided
with pneumotacographic measurement proximal to the airway) [14]. To the best of our knowledge, only
two commercially available turbine-driven ventilators with a double-limb circuit (the Monnal T50 and
Weinmann ventilators) useVTexp as aVT target for VTPCV modes. Of note, in the presence of an
expiratory leak, this method may underestimate the real VT and overcalculate the delivered volume [14].

Another alternative for monitoring expiredVT is to estimate it, as in a vented intentional-leak circuit.
Pressure and flow are measured inside the ventilator, taking into account the ventilatorÕs turbine speed
throughout the entire respiratory cycle, the intentional/unintentional leaks, and the detection of the
beginning and end of inspiration. Subsequently, the ventilator is able to rebuild the patientÕs flow pattern
and establish aÒbaselineÓbreathing pattern that corresponds to the patientÕs zero flow, to obtain an
estimatedVTexp equal to the inspiratoryVT (VTi). As a result, some ventilators accurately estimateVTexp,
even during constant leakage [15]. Special considerations about this important topic are discussed below.

How to set up a ventilator for volume-targeted pressure-controlled ventilation
A stepwise recommendation for how to set a ventilator usingVT-targeted modes is shown in table 2.
Please see supplementary material for a stepwise recommendation on how to set a ventilator using
V!A-targeted modes.

Tidal volume target setting
One key variable for the effectiveness ofVT-targeted modes is how to define the targetVT value for each
particular patient. If the setVT is too low, the patient will probably be under-treated, whereas if it is too
high, ventilation could become uncomfortable for the patient. It is also important to bear in mind that,
although the set VT will probably be reached, additional patient effort that contributes to
pressure-supported breathing may lead to the set volume being exceeded.

Lateral position sleep

Target VT is met; PS 
remains unchanged

Target VT is met; PS 
remains unchanged

VT is overcompensated; 
PS decreases

Target VT is met; PS 
remains unchanged

PS increases aiming to 
meet the target VT

Time or number of breaths

a)

P
re

ss
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e 
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H
2O

b)
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id
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um
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L
Supine position sleep Patient awake

Target VT

FIGURE 2 a)Pressure-support changes in a specified time or number of breaths (depending on the ventilatorÕs algorithm) applied to reach the
target tidal volume (VT). b) Impact of the ventilator pressure support (PS) adjustment on VT in response to different respiratory mechanic
situations caused by changes in body position and patient effort.
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Previous work5Ð7,16Ð20has shown that NPPV is
capable of substantially decreasing Paco2 in patients
with OHS. However, it has been clearly pointed out
in the most recent study7 that an IPAP of! 20 mbar
is usually poorly tolerated, and that a significant
proportion of patients continue to be hypercapnic.
Accordingly, the patients in the present study re-
mained significantly hypercapnic during nocturnal
BPV-S/T therapy even after six 6 weeks of HMV
when AVAPS was not used. On the other hand,
volume-limited ventilation has been suggested to be
more efficient in decreasing Paco2 in OHS patients
by increasing PIP in order to deliver a fixed Vinsp.7

However, volume-limited ventilation may be poorly

tolerated in a significant number of patients with
OHS,5,18 and BPV devices have become the ventila-
tors that are used most frequently in most cen-
ters.6,7,16,18Ð20Therefore, the present study provides
evidence that BPV-S/T-AVAPS therapy combines
the advantages of BPV and volume-limited ventila-
tion by providing the most efficient ventilation with
high tolerance.

Compared to previous studies,5Ð7,16,21 patients
were younger and less hypoxemic. However, hyper-
capnia has been suggested to serve as a pertinent
discriminating factor between patients with OSAS

Figure 2. Ptcco2 during the night at baseline, and during
therapy with CPAP, BPV-S/T, and BPV-S/T-AVAPS.

Figure 3. Summary scale of the SRI at baseline, and following
therapy with BPV-S/T and BPV-S/T-AVAPS.

Table 3Ñ Polysomnography, Nocturnal Ptc CO2, and Daytime Blood Gas Levels for Patients Receiving CPAP,
BPV-S/T, and BPV-S/T-AVAPS Therapy*

Variables Baseline CPAP Therapy BPV-S/T Therapy BPV-S/T-AVAPS Therapy

TST, min 307! 77 309! 98 279! 124 270! 87
Sleep efficiency, % 76 ! 19 80 ! 10 82 ! 27 78 ! 16
NREM sleep stage, % TST

1 18 ! 11 8 ! 8 9 ! 11 14 ! 14
2 66 ! 20 57 ! 17 54 ! 13 53 ! 24
3 " 4 10 ! 11 19 ! 11 28 ! 9  22 ! 14 

REM sleep, % TST 6 ! 6 16 ! 10 10 ! 10 11 ! 14
Arousals, No./h) 53 ! 26 22 ! 21  25 ! 27  27 ! 18 
RDI score, events/h 74 ! 25 25 ! 21  21 ! 15  31 ! 21 
Apnea index, events/h 21 ! 17 2 ! 3  0 ! 0  0 ! 0 
Sao2, % 88 ! 5 92 ! 2  92 ! 2  92 ! 1 
Desaturation index, events/h 78 ! 26 29 ! 18  27 ! 15  33 ! 17 
Ptcco2, mm Hg 58 ! 12 56 ! 9 52 ! 4 45 ! 3 
Heart rate, beats/min 69 ! 14 67 ! 13 67 ! 14 65 ! 11
PH 7.39! 0.02 7.39! 0.03 7.40! 0.04 7.42! 0.04
Paco2, mm Hg 47.4! 2.0 48.0! 5.0 45.9! 3.7 42.0! 5.2 
Pao2, mm Hg 73.3! 6.3 70.0! 7.4 76.31! 12.4 72.8! 9.1
HCO-

3, mmol/L 28.0! 1.0 28.4! 1.8 27.8! 1.8 26.5! 2.0 

*Values are given as the mean! SD (n # 10). REM # rapid eye movement; TST# total sleep time.
 p $ 0.05 compared with baseline.

www.chestjournal.org CHEST / 130 / 3 / SEPTEMBER, 2006 819
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Janssens Respiratory Medicine 2009
sleep latency, morning sleep latency, and sleep satisfaction
between ventilation modes.

Comfort of ventilation

Patients complained of an overall less comfortable ventila-
tion with VT targeting, with a more frequent perception of
ÔÔtoo much air deliveredÕÕ, and increased leaks, leading to
worse sleep quality ( Table 3). Leaks could not be objectively
assessed with the built-in software of the Synchrony ventila-
tors used, although more recent models offer this feature.

Discussion

In this study, our aim was to determine, in stable patients
treated by BPPV for OHS and thus accustomed to BPPV,
whether VT targeting provided an additional beneÞt over
standard BPPV in terms of efÞcacy of ventilation, and if
so, at what cost in terms of sleep structure and comfort.
VT targeting signiÞcantly improved control of nocturnal
TcPCO2, and increased average nocturnal VT and VE. How-
ever, polysomnographic studies showed that, with VT tar-
geting, TST and stage 2 sleep were signiÞcantly lower,
and wake after sleep onset (WASO) was increased. Although
indexes of sleep fragmentation (MAI and SFI) were unaf-
fected by VT targeting, awakenings > 20 s were more fre-
quent. Subjectively patients described BPPV with VT

targeting as less comfortable, with a more frequent percep-
tion of receiving too much air, and an increased perception
of leaks.

To date, only two clinical studies have analysed the
possible contribution of VT targeting in NPPV.5,18 The Þrst

was a short (2 h) single-blinded cross-over study, in 10 sta-
ble hypercapnic COPD, comparing BPPV plusVT targeting
(AVAPS! ) vs. pressure support (PS) in a spontaneous mode
(S): PaCO2 improved slightly more with BPPV and VT target-
ing although comfort was lower with VT targeting than with
PS.18 The second was a trial of 10 OHS patients with OSAS
who did not respond to CPAP therapy: Storre et al. ran-
domly assigned patients to receive bi-level pressure venti-
lation (BPPV) for 6 weeks, with or without VT targeting
(AVAPS! ), in a cross-over design, and assessed efÞcacy of
ventilation, quality of sleep and health-related quality of
life (HRQL).5 BPPV with and without VT targeting both
increased slow wave sleep and improved results of a dis-
ease-speciÞc HRQL score. However, BPPV withVT targeting
resulted in a more efÞcient decrease in TcPCO2 than BPPV
alone.

The concept of VT targeting is interesting especially in
patients with severe OHS, because of the low compliance
of their respiratory system, and the difÞculty in controlling
nocturnal hypoventilation in these patients. 5 Indeed, Storre
et al. documented, in 10 patients with OHS, incomplete
correction of nocturnal hypoventilation (TcPCO 2) with
BPPV alone. We recently studied 20 patients on long-term
BPPV for OHS: 30% had a mean nocturnal TcPCO2

> 45 mm Hg.11 Although volumetric ventilation is an option
in these patients, it is more cumbersome, more expensive,
can be poorly tolerated, 19 and is thus rarely used.2,20 Both
our study and that of Storre et al. suggest improved correc-
tion of nocturnal TcPCO2 with BPPV when using VT

targeting.
There is, however, a paradox in implementing VT target-

ing. BPPV settings for IPAP are usually close to maximal
values tolerated, and IPAP values above 22 cm H2O are sel-
dom used in this indication on a long-term basis. 2,5,20 In
a multicentric study of NPPV, average IPAP values in pa-
tients with OHS were 18 ! 3 cm H2O.2 There is, therefore,
a risk of increased discomfort, suggested by our study and
that of Tramacere et al., which may lead to decreased com-
pliance: this should be speciÞcally studied. Interestingly,
leaks were apparently not increased when using VT target-
ing vs. conventional BPPV.5

Our impression is that the suggested target VT for obese
patients is, at least initially, too high; if implemented in
patients already under BPPV, target VT should be increased
progressively, starting at estimated VT without VT targeting
or at a target VT of 8 ml/kg of ideal body weight.

Study limitations

The aim of the study was essentially to detect obvious
alterations of sleep structure induced by changes in
ventilator mode and changes in correction of nocturnal
hypoventilation.

We chose to include patients who were accustomed to
BPPV, compliant to treatment, in order to minimize
alterations in sleep quality which would have been related
to the introduction of BPPV per se, and to focus only on
changes induced by volume targeting. However, because
patients were familiar with BPPV in a conventional mode,
introduction of volume targeting may have been perceived
as less comfortable than in ÔÔnaõ¬veÕÕ patients.

Table 2 Polysomnographic data with and without VT

targeting.

Without VT

targeting
mean ! SD

With VT

targeting
mean ! SD

p Value

TST (min) 397! 79 334! 68 0.004
Sleep efÞciency (%) 75! 10 68! 11 0.06
Sleep latency (min) 14 ! 12 21! 19 0.1
Stage 1 (% of TST) 22.6! 6.4 25.7 ! 8.7 0.07
Stage 2 (% of TST) 55.6! 6.9 50.4 ! 6.3 0.007
Slow wave sleep

(% of TST)
8.8 ! 5.3 10.6 ! 5.6 0.11

REM sleep
(% of TST)

13.8 ! 5.4 13.2 ! 5.8 0.28

Stage changes (n) 394 ! 145 326! 98 0.019
Wake after sleep

onset (% of TST)
25.8 ! 10.6 33.8 ! 12.0 0.017

Awakenings
> 2 min (n)

101! 38 97! 29 0.31

Awakenings > 20 s (n) 11 ! 7 16! 8 0.05
Micro-arousal

index (n/h)
32 ! 11 30! 12 0.22

Sleep fragmentation
index (n/h)

75 ! 27 78! 30 0.27

TST: total sleep time; REM: rapid eye movement sleep; p value
for paired StudentÕst test.

170 J.-P. Janssens et al.

Because PSG recordings were performed in routine
conditions, without a pneumotachograph (other than that
built-in the ventilator), we did not report in detail
respiratory events occurring under BPPV, such as central
or obstructive apnea or hypopnea, or patient-ventilator
asynchrony. Indeed, there is to date no consensus for the
description and quantiÞcation of these respiratory events
under NPPV. The ODI was not signiÞcantly altered when
introducing VT targeting in the present study suggesting
that there was no signiÞcant effect of VT targeting on respi-
ratory events occurring under BPPV.5

Also, because we did not add a pneumotachograph to
the ventilation circuit, there was no quantiÞcation of leaks:
furthermore, the ventilator e software combination studied
did not allow estimation of leaks, although this is possible
with the more recent Synchrony ventilators and updated
software (Respironics Inc., Murrysville, PA). The major
consequences of leaks are disrupted sleep structure, 6 desa-
turations, and patient-ventilator asynchrony. Leaks were
not signiÞcantly different with and without VT targeting in
the study by Storre et al. 5

Conclusion

VT targeting is a potentially useful parameter to improve
efÞcacy of bi-level positive pressure ventilation. In this
study, we conÞrmed that VT targeting improves correction
of nocturnal hypoventilation in stable patients with OHS
treated by NPPV, at the expense of minor alterations of
sleep structure and fragmentation, and of a slight decrease
in patient comfort. Further studies should explore the

contribution of VT targeting in other indications (i.e., acute
hypercapnic failure in obese subjects, neuro-muscular dis-
orders or COPD), as well as its impact on objective mea-
surements of compliance. Indeed, patientÕs perception of
increased discomfort may compromise long-term compli-
ance to NPPV. Conversely, progressively increasing target
VT, and lower target VT values may improve tolerance
and patient comfort. Increased clinical experience is nec-
essary to determine optimal ventilator settings with VT

targeting.
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Table 3 PatientÕs rating of quality of sleep and comfort of ventilation with and without VT targeting, assessed by St. MaryÕs
Hospital Questionnaire and eight visual analogic scales.

St. MaryÕs Hospital sleep questionnaire Without VT targeting
mean ! SD

With VT targeting
mean ! SD

p Value*

Depth of sleep (scale range: 1e 8)a 5.6 ! 1.6 3.3 ! 1.7 0.005
Number of awakenings 3.3 ! 2.0 4.9 ! 2.3 0.01
Duration of sleep (hh:mm) 07:13 ! 02:16 05:33 ! 02:31 0.06
Quality of sleep (scale range: 1 e 5)a 3.8 ! 0.6 2.8 ! 1.2 0.05
Morning sleepiness (scale range: 1e 6)a 4.0 ! 0.7 3.6 ! 1.0 0.13
Satisfaction with quality of sleep (scale range: 1 e 5)a 3.8 ! 1.1 2.9 ! 1.1 0.08
Early awakening (yes/no) 6/6 6/6
DifÞculty in falling asleep (scale range: 1 e 4) 1.4 ! 1.0 2.1 ! 1.3 0.04
Time needed to fall asleep (hh:mm) 00:46 ! 01:10 00:54 ! 00:55 0.2

Comfort of ventilation (VAS scales, 0 e 10)
Comfort of ventilation a 7.5 ! 1.9 6.0 ! 2.5 0.018
Desychronisation perceived by patient a 7.5 ! 2.2 6.1 ! 3.1 0.2
Too much air delivered a 9.0 ! 1.9 6.0 ! 3.8 0.012
Too little air delivered a 7.7 ! 2.9 8.0 ! 2.8 1.00
Morning headachea 9.7 ! 0.9 9.7 ! 0.7 1.00
Perception of leaks a 7.7 ! 2.4 4.8 ! 3.7 0.016
Noise of ventilator a 7.5 ! 2.2 6.5 ! 2.8 0.44
Quality of sleep a 6.8 ! 2.6 4.8 ! 2.7 0.02

Items: ÔÔNumber of awakeningsÕÕ, ÔÔDuration of sleepÕÕ and ÔÔTime needed to fall asleepÕÕ are patientsÕ estimation. (*):p Value for
WilcoxonÕs signed rank test.

a Higher values indicate better quality of sleep or treatment comfort.
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Qualité du sommeil

of compromise in ventilation, and sleep parameters
improved while using AutoEPAP. Additional research is
needed to compare these modes over longer treatment
durations and to evaluate the use of AutoEPAP iVAPS
in NIV-na•ve patients.
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Table 4 Sleep parameters

Mean ! SD (median)
Minimum, maximum( n)

iVAPS
AutoEPAP
(n = 38)

iVAPS manual
EPAP

(n = 38) P-value

Sleep
parameters
TST (min) 303.3 ! 79.58

(315.8)
308.0 ! 82.37

(328.3)
0.75

55.9, 410.5 (38) 47.5, 450.5 (38)
Stage N1

(% of TST)
16.18 ! 11.50

(12.90)
20.47 ! 14.69

(17.10)
0.01

1.9, 54.6 (38) 1.4, 73.1 (38)
Stage N2

(% of TST)
50.03 ! 13.83

(51.35)
48.52 ! 17.20

(48.65)
0.55

11.9, 72.9 (38) 6.5, 76.6 (38)
Stage N3

(% of TST)
17.93 ! 17.98

(11.30)
17.74 ! 18.36

(14.45)
0.61

0.0, 77.3 (38) 0.0, 74.8 (38)
REM sleep

(% of TST)
15.58 ! 8.54

(16.05)
12.76 ! 7.44

(12.80)
0.04

0.0, 32.1 (38) 0.0, 26.3 (38)
Arousals (/h) 25.85 ! 17.39

(20.70)
31.91 ! 20.19

(24.70)
0.04

2.9, 87.0 (38) 3.6, 87.2 (38)
Sleep

ef! ciency
(%)

73.70 ! 16.41
(73.95) 25.6,

94.1 (38)

73.89 ! 19.05
(76.47) 11.1,

98.1 (38)

0.95

Device data
AHI" ow (/h) 4.71 ! 5.55

(2.10)
7.84 ! 15.39

(3.80)
0.22

0.2, 21.4 (36) 0.0, 91.2 (37)
Mean SpO 2

(%)
94.24 ! 2.36

(94.00)
94.53 ! 2.78

(95.00)
0.81

88.0, 99.0 (34) 88.0, 99.0 (36)
Median

SpO2 (%)
94.53 ! 2.36

(95.00)
94.86 ! 2.66

(95.00)
0.69

89.0, 99.0 (34) 89.0, 99.0 (36)
Mean PCO2

(mm Hg)
45.49 ! 6.62

(47.00)
45.38 ! 7.17

(44.80)
0.83

33.2, 62.7 (35) 33.2, 65.2 (36)
Median

PCO2

(mm Hg)

45.67 ! 6.62
(48.10)

45.27 ! 7.13
(44.75)

0.44

33.2, 63.0 (35) 32.9, 65.7 (36)

Values are mean ! SD (median), with minimum, maximum
values (n) below. P-values generated from a paired t-test or sign
test, as appropriate.

AHI" ow, apnoea Ðhypopnoea index based on device " ow sig-
nal; AutoEPAP, automatically adjusting expiratory positive air-
way pressure; iVAPS, intelligent volume-assured pressure
support; PCO 2, carbon dioxide pressure; REM, rapid eye move-
ment; SpO 2, oxygen saturation; TST, total sleep time.

© 2019 Asian Paci ! c Society of Respirology Respirology (2019) 24, 1204Ð1211
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Follow-up ST group  (n=26)
AVAPS-AE group  

(n=30)
P

AHI (/h) 10.5±10.6 12.1±12.9 0.565

3% ODI (/h) 21.9±15.8 22.1±15.2 0.859

TST SaO2<90% (%) 30.9±31.9 34.4±31.1 0.560

Mean saturation (%) 90.5±2.6 90.6±2.6 0.961

Sleep efficacy (%) 77.1±16.8 81.4±10.1 0.527

REM (%) 16.9±12.1 18.9±10.1 0.388

N1 (%) 19.1±10.6 17.3±14.7 0.217

N2 (%) 45.2±10.9 43.7±9.3 0.589

N3 (%) 20.9±11.8 23.6±11.6 0.384
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Non- invasive ventilation

Clinical secondary outcomes
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Management of SDB, change in sleep quality and NIV settings 
at 3 months
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Table 1 Baseline demographics by allocated non- invasive ventilation 
(NIV) setup strategy

Baseline characteristics

Inpatient NIV 
setup
(n=41)

Outpatient NIV 
setup
(n=41)

Total
(n=82)

StratiÞcation

*Prior use of NIV/CPAP (n 
(%))

17 (41) 19 (46) 36 (44)

*Gender (female) (n (%)) 22 (54) 22 (54) 44 (54)

Baseline demographics

Age (years) 56.9 (13.3) 60.8 (14.8) 58.8 (14.1)

BMI (kg/m2) 47.2 (10.8) 46.0 (8.0) 46.6 (9.5)

Smoking status (current, n 
(%))

8 (20) 7 (17) 15 (18)

Smoking pack year history  19.0 (9.0Ð45.0) 20.0 (10.0Ð36.0) 20 (9.5Ð41.5)

Neck circumference (cm) 44.3 (5.1) 44.6 (5.5) 44.4 (5.3)

Waist circumference (cm) 132.0 (20.1) 134.5 (18.7) 133.2 (19.3)

FEV1 (l) 1.94 (0.90) 1.55 (0.69) 1.75 (0.82)

FEV1 (%) 68.6 (23.9) 59.3 (20.3) 63.8 (22.4)

FVC (l) 2.24 (0.97) 1.83 (0.81) 2.04 (0.91)

FVC (%) 65.6 (22.7) 56.6 (19.0) 61.0 (21.3)

FEV1/FVC 0.87 (0.10) 0.86 (0.12) 0.86 (0.11)

PaO2 on room air (kPa) 8.87 (1.03) 8.61 (1.25) 8.74 (1.15)

PaCO2 on room air (kPa) 6.62 (0.62) 6.91 (0.61) 6.76 (0.63)

4%ODI 48.8 (35.0) 46.9 (28.1) 47.9 (31.6)

Mean SpO2 (%) 88.0 (7.2) 87.5 (4.6) 87.8 (6.1)

Total analysis time!<90% (%) 39.6 (31.2) 49.1 (32.9) 47.8 (33.3)

Mean tcCO2 (kPa) 6.8 (1.4) 7.5 (0.9) 7.1 (1.3)

Max tcCO2 (kPa) 10.2 (11.6) 9.0 (1.5) 9.6 (8.3)

ESS 13.1 (6.9) 9.85 (6.76) 11.5 (7.0)

SRI Summary (QoL) 48.0 (16.7) 55.1 (21.0) 51.5 (19.2)

Data summarised as mean (SD) unless otherwise stated.
*StratiÞcation factors.
 In current/ever smokers, median (25thÐ75th percentiles). (score 0Ð100 with higher 
values representing beter quality of life; validated to measure quality of life in 
patients with chronic respiratory failure).
BMI, body mass index; CPAP, continuous positive airway pressure; ESS, Epworth 
Sleep Score; FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; ODI, 
Oxygen desaturation index; PaCO2, Arterial partial pressure of carbon dioxide; PaO2, 
Arterial partial pressure of oxygen; SpO2, Saturation of pulsatile oxy- haemoglobin; 
SRI, Severe Respiratory InsufÞciency Questionnaire; tcCO2, transcutaneous carbon 
dioxide.

Figure 2 Comparison of change in PaCO2 between NIV setup 
strategies. PaCO2, arterial partial pressure of carbon dioxide, The blue 
dashed line labelled "  represents the non- inferiority threshold or the 
maximum allowable excess of PaCO2 difference arising from the Out- 
patient NIV compared with the inpatient NIV. The tinted area represents 
the non- inferiority zone. NIV, non- invasive ventilation.

4 Murphy!PB, et!al. Thorax 2022;0:1Ð8. doi:10.1136/thoraxjnl-2021-218497
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