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Noninvasive Ventilation in Obese Subjects After Acute
Respiratory Failure

Charlotte Bry MD, Sandrine Jaffré MD, Béatrice Guyomarc’h MSc, Frédéric Corne MD,
Sylvaine Chollet MD, Antoine Magnan MD PhD, and Francois-Xavier Blanc MD PhD

INTRODUCTION: Noninvasive ventilation (NIV) has been widely used to treat acute respiratory
failure in obese patients. Criteria that could help clinicians to decide whether they should continue
to use NIV after such an initial episode remain unclear. Our retrospective study aims to analyze
characteristics of subjects receiving long-term NIV after an initial hospitalization for acute respi-
ratory failure. METHODS: From January 2011 to December 2012, 77 obese adults were admitted
in the ICU of the respiratory disease department in Nantes University Hospital in France. After
discharge, adherence, body mass index (BMI), and arterial blood gases were assessed or measured
at 6 months and 12 months. RESULTS: In all, 53 subjects were analyzed, including 62% who were
admitted for idiopathic acute hypercapnic respiratory failure. Mean BMI was 42 = 11 kg/m?.
Failure of NIV occurred in 10% cases in the ICU. At the end of the hospital stay, 34 subjects were
discharged with NIV at home. They had higher BMI and higher initial inspiratory positive airway
pressure than those who were not ventilated at home. During follow-up, BMI, P,c(,, and bicar-
bonate rate significantly decreased. At 12 months, 4 subjects were not ventilated anymore after a
mean duration of 6 = 4.2 months of ventilation. Adherence was correct in 86%, with a mean use
of 7 = 3.1 h/d. Adherent subjects had better adherence at 1 month, a lower forced vital capacity,
a higher bicarbonate rate, and a higher NIV breathing frequency when compared to subjects with
poor adherence. CONCLUSIONS: Subjects with the most severe obesity or who experienced the
most difficult initial ventilation were more likely to receive long-term NIV after initial management
of acute respiratory failure in the ICU. In those subjects, long-term NIV at home was effective and
well tolerated. Key words: adults; retrospective study; positive airway pressure; adherence; obesity;

chronic respiratory disease. [Respir Care 0;0(0):1—-. © 0 Daedalus Enterprises]

Introduction

Obesity, defined as a body mass index (BMI) exceeding
30 kg/m?, remains a serious public health problem, repre-
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senting the fifth leading risk factor for death in the world.!
In France, obesity affects 15% of the population over 18y
of age.? Respiratory diseases associated with obesity are
mainly obstructive sleep apnea (OSA) and obesity-
hypoventilation syndrome.3#

Noninvasive ventilation (NIV) is a central pillar of the
treatment of respiratory failure in the obese,” and its ef-
fectiveness has been demonstrated in both acute and long-
term situations at subjects’ homes.®% Obesity-hypoventi-
lation syndrome has become the most frequent cause of
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home ventilation before all other obstructive and restric-
tive respiratory diseases.>!! However, criteria for initiat-
ing such ventilation after a stay in the ICU remain unclear.

In this study, we aimed to analyze characteristics of
obese subjects receiving long-term NIV after a hospital-
ization in a French ICU for acute respiratory failure (ARF)
and to describe their outcomes over 1 year.

Methods

We conducted a descriptive, retrospective study in the
ICU located in the respiratory disease department of the
Nantes University Hospital in France.

Population

Subjects enrolled in this analysis were admitted to the
ICU between January 1, 2011, and December 31, 2012,
and had a BMI > 30 kg/m? at admission. Those who had
surgery within the 24 h preceding admission in ICU were
excluded. Subjects were first identified on the basis of the
coding system, and then data were collected from original
hospital files.

Collected Data

Demographic data included gender, age, smoking sta-
tus, medical history, BMI, history of NIV, and history of
hospitalization for ARF. Presence of OSA, already known
or diagnosed later on, was also recorded. Pulmonary func-
tion testing was often performed at the end of the stay or
during follow-up. When available, forced expiratory vol-
ume in one second (FEV,), forced vital capacity (FVC),
and total lung capacity (TLC) were recorded. Obstructive
lung disease was defined as a ratio of FEV, to FVC < 0.70.
Restrictive lung disease was defined as a TLC < 80% of
the predicted value. A mixed pattern of obstruction and
restriction was defined as both a FEV /FVC ratio < 0.70
and a TLC < 80% of the predicted value.

Data collected during hospital stay included cause of
admission, ventilation modalities, duration of ventilation,
arterial blood gases at entry and at discharge, and presence
of cardiac failure. At discharge, the type of ventilator and
mask, parameters of ventilation and associated oxygen ther-
apy were recorded. If there was no ventilation at home
when the patient was discharged, the reason was recorded.

Follow-up occurred 1 y after discharge, usually includ-
ing consultations at 6 months and 12 months. BMI and
arterial blood gases were recorded upon follow-up. Ad-
herence was recorded by the health care supplier for NIV
at home at 1, 6, and 12 months. Poor adherence was de-
fined as a daily use of ventilation of < 4 h.!2 If ventilation
was removed from a subject’s home during follow-up, it
was recorded and dated.
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Current knowledge

Noninvasive ventilation (NIV) is largely used to treat
respiratory failure in obese patients. The effectiveness
has been demonstrated both in acute care and in long-
term situations at patients’ homes. However, criteria for
following ventilation at home after a stay in the ICU
remain unclear.

What this paper contributes to our knowledge

After acute respiratory failure in obese subjects, more
than half received long-term NIV. These subjects had
more severe obesity and more difficult initial ventila-
tion. In those subjects, long-term NIV at home was
effective and well tolerated.

Additional hospitalizations for ARF in our university
hospital, as well as death during the year after initial ad-
mission, were also recorded for all subjects.

NIV Initiation in ICU

Criteria used to initiate NIV during the ICU stay were
signs and symptoms of ARF, significant hypoxemia, or
respiratory acidosis. Specific NIV ventilators were used in
the spontaneous/timed mode (VISION and V60, Respiron-
ics) with a face mask. Inspiratory positive airway pressure
(IPAP) was initially set at 20 cm H,O then modified in
increments of 2—3 cm H,O to obtain expiratory volumes of
450-500 mL and a reduction in P, . Expiratory positive
airway pressure was initially set at 5 cm H,O and then
modified in increments of 1-2 cm H,0, depending on the
degree of hypoxemia or presence of apnea. F;,_ was set to
obtain S, of 88-92%. The decision to intubate and ini-
tiate invasive ventilation was made when any of the fol-
lowing was observed: persistent hypoxemia, severe ex-
haustion, deteriorating consciousness, or hemodynamic
failure.!3.14

NIV After Initial Management

Once the initial episode resolved, some subjects contin-
ued NIV according to 2 modalities: NIV (Synchrony II
S/T, Philips) or CPAP (Spirit S8 II, ResMed; PR 1 A-Flex,
Philips). Indications for home NIV were persistent hyper-
capnia without acidosis despite initial NIV, recurrent hy-
percapnia once initial NIV had been stopped for 24 h,
good adherence, and marked improvement with NIV. CPAP
was chosen when OSA was strongly suspected (positive
nocturnal oximetry) and hypercapnia was moderate
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(<45 mm Hg). Should the subject not continue NIV, the
reason was recorded (usually the subject’s refusal or the
absence of medical indication). After placement on NIV
after the initial episode, subjects were transferred from
ICU to a respiratory medicine general care ward to estab-
lish ventilation parameters according to results of arterial
blood gases and nocturnal oximetry. Ventilation parame-
ters were modified in increments of 1-2 cm H,O to de-
crease nocturnal desaturations and P, . Oxygen therapy
was added in case of persistent nocturnal hypoxia, defined
as >20% of nighttime with S, <90%. Trained nurses
provided education on appropriate use of the machine and
the mask.

Statistics

Continuous data were presented as mean (£SD) or me-
dian (minimum, maximum) based on the distribution. Cat-
egorical variables were presented as counts (proportions).
The Mann-Whitney U test was performed to test for sta-
tistical differences in continuous parameters between 2
groups. The x? or the Fisher exact tests (based on expected
frequency) were used to compare categorical variables be-
tween groups. Friedman and Wilcoxon tests were used to
analyze the evolution between baseline and 1-y follow-up on
BMI and arterial blood gases. All tests were 2-tailed. Data
were analyzed using SPSS, version 19.0 (SPSS, Inc.; Chi-
cago, Illinois) and SAS, version 9.3 (SAS, Cary, North Car-
olina). A P value < .05 was considered statistically signifi-
cant.

Ethics

The study was approved by the Institutional Review
Board of the French-speaking society for respiratory med-
icine (Société de Pneumologie de Langue Frangaise). Ano-
nymized data have been used throughout the study, in
accordance with the French data protection authority (Com-
mission Nationale Informatique et Liberté).

Results
Study Population and Ventilation in ICU

A total of 77 obese patients were admitted during the
study period in ICU; 24 were excluded because of thoracic
surgery <24 h prior to admission (usually corresponding
to a scheduled procedure). Thus, 53 subjects were included
in this study (Fig. 1). Baseline characteristics are displayed
in Table 1. Main characteristics were mean ageof 61 = 10y,
mean BMI 42 + 11 kg/m?, 60% of subjects had hyper-
tension, 30% were current smokers, 70% had never been
hospitalized for ARF, and 32% had been previously ven-
tilated at home (half by CPAP for OSA). Among the 8
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Fig. 1. Flow chart. NIV = noninvasive ventilation.

subjects previously ventilated by NIV, 5 were non-adher-
ent and 2 stopped before inclusion. The remaining subject
showed good adherence. Overall, 68% of subjects had
never been supported either with NIV or CPAP. An ob-
structive pattern was noticed in 41%, a restrictive pattern
in 16%, and mixed pattern in 19%.

Main causes of ARF were idiopathic acute hypercapnic
respiratory failure (62%), respiratory tract infections (32%),
acute pulmonary edema (28%), and exacerbations of COPD
(13%) (Fig. 2). Measured data from arterial blood gases at
admission are displayed in Table 1. Notably, 66% of sub-
jects had hypercapnic acidosis, and nearly 45% of subjects
showed signs of congestive heart failure.

Of 44 subjects who received NIV during their hospital
stay, 40 were ventilated with NIV at admission, while 4
received NIV after initial invasive ventilation. NIV failed
in 4 subjects (10%), leading to intubation and invasive
mechanical ventilation. In addition, 10 subjects were in-
tubated in the emergency department, and 3 did not re-
ceive any mode of ventilation (Fig. 1).

Parameters for NIV during the first 48 h were IPAP
22 * 2 cm H,0, expiratory positive airway pressure
7 = 2 cm H,O, NIV breathing frequency 16 breaths/min.
Mean duration of invasive ventilation was 16 = 12 d,
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Table 1.  Baseline Characteristics of the Subjects
Male, n (%) 31 (58)
Age, y, mean (SD) 61 (10)
Body mass index, kg/m?, mean (SD) 42 (11)
Current smokers, n (%) 16 (30)
Hypertension, n (%) 32 (60)
Atrial fibrillation, n (%) 10 (19)
Ischemic cardiopathy, n (%) 10 (19)
Valvulopathy, n (%) 50)
Chronic bronchitis, n (%) 18 (34)
Diabetes, n (%) 20 (38)
First episode of acute respiratory failure, n (%) 37 (70)
Previous ventilation, n (%)
NIV 8 (15)
CPAP 9(17)
Pulmonary function testing, mean = SD
FEV,, % pred. 61 £ 19
FVC, % pred. 68 = 17
FEV,/FVC, % 68 £ 11
TLC, % pred. 89 + 17
Arterial blood gases mean = SD
pH 7.32 £0.09
P.o,, mm Hg 83 £41.0
P.co,, mm Hg 61.5* 183
HCO; ", mEq/L 31 +6

NIV = noninvasive ventilation

pred. = predicted value

TLC = total lung capacity

FEV, = forced expiratory volume in one second
FVC = forced vital capacity

CPAP = continuous positive airway pressure
SD = standard deviation

compared to 6 = 3 d for NIV (P = .01). Arterial blood gases
at discharge were pH 7.42 * 04, P, 73.4 * 13.3 mm Hg,
P.co, 42.6 = 7.5 mm Hg, and HCO; 27 * 3 mEq/L.

Mode of Ventilation at Discharge From ICU

Thirty-four subjects (64% of the initial population)
were ventilated with NIV at discharge, including 50%
who were not ventilated prior to admission, while 19
subjects did not receive NIV at discharge for the fol-
lowing reasons: 3 did not receive any ventilation during
their hospital stay, 4 refused long-term ventilation, 4
were tracheostomized, and 8 did not have any indication
for long-term ventilation.

Overall, 28 subjects were ventilated with NIV and 6
with CPAP (Table 2). A face mask was used in 97% of
subjects, and 79% of ventilated subjects had OSA. Ad-
ditional oxygen was used in 9 subjects (26%). Subjects
ventilated with NIV had the following average param-
eters: IPAP 23 = 2 cm H,O, expiratory positive airway
pressure 7 = 2 cm H,O, and breathing frequency 16
breaths/min.

4

Characteristics of Obese Subjects Receiving
Home NIV

After exclusion of the 4 subjects who underwent tra-
cheotomy, the 3 who did not receive any ventilation
during their hospital stay, and 1 subject who was al-
ready ventilated at home with good adherence, we an-
alyzed 45 subjects. Ventilated subjects had a higher
BMI than non-ventilated individuals (44 £ 12 vs 37 = 7
kg/m?, respectively, P = .01). IPAP used within the
first 48 h of hospital stay was higher in subsequently
ventilated subjects than in non-ventilated individuals at
discharge (22 = 2 vs 21 = 2 cm H,O, P = .040).
Arterial blood gases at admission did not differ signif-
icantly between ventilated and non-ventilated subjects:
pH 7.31 = 0.09 versus 7.33 = 0.09, P = .56; PaCOZ
62.3 = 17.4 versus 65.5 = 21.0 mm Hg, P = .65). The
cause of ARF was primarily idiopathic acute hypercap-
nic respiratory failure and was similar in both groups
(P = .17). Subjects who were already ventilated at home
did not receive more invasive mechanical ventilation
than other subjects (P = .70).

1-Year Follow-Up

At 1y, 7 of 53 subjects had been readmitted, with an
average of 2 readmissions per subject; in addition, 36% of
non-ventilated subjects were readmitted versus 33% of
tracheostomized subjects and 10% of subjects with NIV at
home (P = .14). There was no difference for readmissions
between subjects who were ventilated at home and those
who were not (10% vs 36%, P = .07). Three subjects died
within the year after hospitalization; 2 of these subjects
were ventilated at home and one was not.

Among the 34 subjects who were ventilated at home, 14
were followed up at 6 months and 12 months. There was
no follow-up available for subjects treated with CPAP at
home. At 12 months, 4 subjects were no longer ventilated
(mean duration of NIV was 6 = 4.2 months), and 3 sub-
jects died. Mean BMI at 12 months for the 14 individuals
who were followed up was 43 *+ 10 versus 45 = 12 kg/m?
at baseline (P = .038). In these subjects, bicarbonate levels
and P, were also lower at 12 months compared with base-
line 26 = 3 vs 27 £ 3 mEq/L and 41.7 = 6.7 vs
43.6 = 7.5 mm Hg, respectively, P = .006 and P = .01,
respectively). Mean adherence at 1 month, 6 months, and
12 months was 5.7 = 2.9, 70 = 3.1, and 7.1 = 2.1 h/d,
respectively, without any significant difference over time
(Fig. 3).

Parameters Associated With NIV Adherence
At 6 Months

At 6 months, 18 subjects (86%) were adherent with
NIV. Those who had been previously ventilated at home
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Fig. 2. Causes of acute respiratory failure in the study population.
Table 2.  Ventilation Status of Obese Patients at Discharge According to Their Ventilation Status Prior to Admission
Ever ventilated prior to admission, n (%)
No BPAP CPAP Refused Total

Ventilation at discharge

None 15 (44) 0(0) 0 (0) 0(0) 15 (28)

NIV 14 (41) 8 (100) 4 (44) 2 (100) 28 (53)

CPAP 2 (6) 0 (0) 4 (44) 0 (0) 6(11)

Tracheostomy 309 0(0) 1(11) 0(0) 4 (8)

Total 34 (100) 8 (100) 9 (100) 2 (100) 53 (100)

NIV = noninvasive ventilation
BPAP = bilateral positive airway pressure

were not likely to be classified as being more adherent
(P = .93). Adherent subjects had also a longer duration of
NIV at 1 month than non-adherent individuals at 6 months
(6.8 = 2.1 vs 2.6 = 2.1 h/d; P = .02). Non-adherent
subjects at 6 months had lower bicarbonate levels at ad-
mission and higher FVC than adherent subjects (24 = 5 vs
34 = 8 mEq/L and 77 = 5 vs 61 * 14% predicted value,
respectively, P = .040 and P = .040, respectively). They
were also ventilated at home with a lower breathing fre-
quency (12 = 6 vs 16 = 0 breaths/min, P = .01). None of the
non-adherent subjects at 6 months received invasive ventila-
tion during hospitalization (P = .99). Age, gender, medical
history, and arterial blood gases at admission were not pre-
dictive factors of better adherence at 6 months in our popu-
lation.

Discussion
In this retrospective analysis, we identified characteris-
tics of obese adult subjects receiving long-term NIV after

hospitalization in the ICU for ARF. Subjects subsequently
ventilated with NIV at home had a higher BMI and a
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higher level of initial IPAP than those who did not receive
NIV at discharge.

Higher BMI in subjects who had been ventilated with
NIV at home after initial management in ICU was a strong
indicator that clinicians were more disposed to propose
long-term NIV when they estimated that subjects were at
higher risk of chronic respiratory failure, as it is well known
that prevalence of both OSA and obesity-hypoventilation
syndrome increases with BML.> At admission, 62% of our
subjects had alveolar hypoventilation. In fact, obesity-hy-
poventilation syndrome is defined as the association of
obesity, chronic diurnal hypoxia and hypercapnia, possible
sleep-related respiratory disorder, and exclusion of other
causes of alveolar hypoventilation at baseline.>-'> Unfor-
tunately, all of our included subjects exhibited ARF, and
most of them did not have available arterial blood gases at
baseline. Thus, we can only strongly speculate that most of
them had obesity-hypoventilation syndrome. The same oc-
curred for OSA, as respiratory polygraphy is not feasible
during acute episodes of respiratory failure. Therefore, con-
firmation of OSA usually occurs after this initial event,
unless it was already known prior to admission.
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Fig. 3. Adherence, body mass index (BMI), and arterial blood gases at discharge and at 6 months and 1 year of noninvasive ventilation.

We did not reevaluate the indications for home NIV
once the subjects stabilized because NIV would have to be
stopped several weeks before performing both polygraphy
and arterial blood gases. We considered that it would not
have been ethical to do that after an initial ARF.

Higher levels of initial IPAP in subjects who had been
ventilated with NIV at home after initial management in
the ICU might be linked with higher BMI. Obese subjects
have lower lung adherence!®!'7 and thus need a higher
inspiratory pressure to generate an efficient respiratory
volume. A higher BMI is linked with more difficulty breath-
ing, which in turn is associated with a higher initial [PAP.

Our data support the efficacy of NIV in obese subjects
presenting with acute hypercapnic respiratory failure, with
only 10% of subjects failing the modality. Lemyze et al'8
reported a failure rate of 17% in a cohort of more severely
obese subjects (mean BMI 49.6 kg/m?). Of interest, the
initial level of IPAP was higher in our study than in the
study by Lemyze et al,'® which may have contributed to
this higher success rate. Although not used enough, NIV
has demonstrated efficiency in the management of ARF in
obese subjects, regardless of cause.!®2° This has to be
compared with the well-known effects of NIV in subjects
with COPD. In fact, guidelines recommend the use of NIV
in COPD-associated acute hypercapnic respiratory failure,
although the failure rate has been reported to vary from
7% to 50%.2! In a study comparing NIV efficacy in acute
hypercapnic respiratory failure associated with obesity hy-
poventilation syndrome or COPD, Carillo et al?? reported
better outcomes in obese subjects, including lower rates of
late failure, lower intra-hospital mortality, and higher sur-
vival rate at 1 y. As in the study of Gursel et al,?° 41% of
our subjects had an obstructive pattern and 34% suffered

6

from COPD. The prevalence of COPD is high in obese
patients. In COPD subjects, obesity is associated with less
late failure and readmission.??

Several studies have confirmed the benefits of NIV at
home in obese subjects with OSA or obesity-hypoventila-
tion syndrome, including reduced mortality, decreased re-
admission rate, reduced daytime sleepiness, and improved
quality of life.!!.2324 In our study, the global readmission
rate for ARF at 1 y was 20%, with a trend in favor of NIV
at home (10% readmissions) compared with no ventilation
at home (36% readmissions, including 3 of 4 subjects who
refused long-term NIV) (P = .07). We speculate that the
relatively low number of subjects affected the generaliz-
ability of these results. In a larger retrospective study of
280 subjects who were ventilated for hypercapnic respira-
tory failure, including 71 with obesity-hypoventilation syn-
drome, Janssens et al® reported a significant decrease in
the number of days spent at hospital during the years after
ventilation when compared to the year preceding ventila-
tion.

In our study, we reported significant improvement in
alveolar hypoventilation at 6 months and 12 months after
NIV initiation. Budweiser et al?* have also reported sig-
nificant improvement in arterial blood gases, pulmonary
function tests, and BMI at 6 months. We should mention
that improvement in arterial blood gases was relatively
less pronounced in our cohort, probably because we took
results at discharge as the reference point for further com-
parisons, despite the fact that NIV had been already initi-
ated at that time. The reduction in BMI at 6 months and
12 months is also of interest in such obese individuals.
Priou et al notably found a good correlation between BMI
and P,co at 6 months.® Thus, the benefits of NIV in
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obese patients occur not only during ARF, but also after
several months.

Removal of NIV at 1 y was observed in 18% of our
subjects and occurred 6 months after discharge. The only
reason for this removal was persistent poor adherence. We
noticed that adherence at 1 month was already poor in
these 4 subjects, with a mean duration of use < 2 hours per
day. By contrast, overall adherence was good, reaching an
average of 7.1 = 2.1 h/d at 1 y, with 83% of subjects using
their machine more than 5 h/d. These data are in accor-
dance with those of Priou et al,?? although follow-up pe-
riod was shorter in our population.

We observed that adherence at 1 month was predictive
of long-term use of the ventilator at home. In our popula-
tion, poor adherence after only 1 month of NIV at home
was a strong indicator of subsequent NIV removal. After
discharge, it is not uncommon to reevaluate subjects after
only 3 months. On the basis of our data, we propose re-
evaluation of obese patients who started NIV at 1 month
after discharge from ICU: the earlier they can be managed,
the better their adherence will be. Personalized therapeutic
education, reassurance, and control of both mask and ma-
chine should be delivered early after discharge to help
improve acceptance of long-term NIV in obese patients.

Among other parameters associated with poor NIV ad-
herence, higher FVC, lower bicarbonate level at admis-
sion, and lower breathing frequency were identified in this
study. Such criteria might reflect a lower severity, as
McArdle et al?> have shown that subjects with moderate
OSA were less adherent than those with severe OSA. One
could argue that these subjects might also have been over-
treated with NIV despite the possible lack of clear medical
indication for long-term ventilation. This remains to be
determined in larger cohorts.

Our study has some limitations. It is a retrospective
study, with a limited number of subjects, some of whom
were lost to follow-up. However, our data were in accor-
dance with larger cohorts who followed subjects for >1y.
Moreover, data from our specialized center cannot be gen-
eralized to less experienced units. Finally, all subjects were
given NIV during an acute episode of respiratory failure;
their respiratory status at baseline was not always known,
which made it difficult to classify all subjects in the OSA,
obesity-hypoventilation syndrome, and overlapping syn-
drome categories.

Conclusion

After admission to the ICU for ARF, 64% of our obese
subjects were put on NIV at home. These subjects had
more severe obesity and were more difficult to ventilate
during the initial episode. However, our study confirmed
the benefit of NIV in obese patients. Long-term NIV was
also associated with improvements in BMI and arterial
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blood gases at 1 y. It is important to mention that NIV has
some constraints and can be difficult for patients to fully
accept, especially when they are not too severe. In our
study, poor adherence at 1 month was associated with poor
adherence at 6 months. Therefore, early evaluation of obese
patients who are discharged from the ICU with NIV at
home could be helpful to improve long-term management
after ARF.
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