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BACKGROUND: Obesity-hypoventilation syndrome (OHS) is defined as the combination of obe-
sity (body mass index > 30 kg/m2) and daytime arterial hypercapnia (PaCO2

> 45 mm Hg) in the
absence of other causes of hypoventilation, and can lead to acute hypercapnic respiratory failure in
the ICU. Our objective was to describe the ventilatory management and outcomes of subjects with
OHS who were admitted to the ICU for acute hypercapnic respiratory failure. METHODS: We
retrospectively built a cohort of subjects with OHS who were admitted for acute hypercapnic
respiratory failure in 4 ICUs of the university teaching hospital in Lyon, France, between 2013 and
2017. The main end point was the rate of success of noninvasive ventilation (NIV). Secondary end
points were survival from OHS diagnosis to the last follow-up and risk factors for ICU admission
and long-term survival. RESULTS: One hundred fifteen subjects with OHS were included. Thirty-
seven subjects (32.1%) were admitted to the ICU for acute hypercapnic respiratory failure. Con-
gestive heart failure was the leading cause of acute hypercapnic respiratory failure (54%). At ICU
admission, pH before NIV use was median (range) 7.26 (7.22–7.31) and PaCO2

was 70 (61–76) mm Hg.
NIV was used as first-line ventilatory support in 36 subjects (97.2%) and was successful in 33 sub-
jects (91.7%). ICU mortality was low (2.7%). The subjects admitted to the ICU were significantly
older and had a lower FEV1 and vital capacity at the time of an OHS diagnosis. The difference in
the restricted mean survival time was 663 d in favor of subjects not admitted to the ICU. Multi-
variate analysis showed that lower vital capacity at an OHS diagnosis was significantly associated
with a higher risk of ICU admission. No factor was independently associated with long-term overall
mortality in multivariate analysis. CONCLUSIONS: Acute hypercapnic respiratory failure in sub-
jects with OHS was generally responsive to NIV and was frequently associated with congestive heart
failure. Key words: obesity; obesity hypoventilation syndrome; acute respiratory failure; noninvasive
ventilation; survival; intensive care unit. [Respir Care 0;0(0):1–•. © 0 Daedalus Enterprises]

Introduction

Obesity-hypoventilation syndrome (OHS) is defined
as the combination of obesity (body mass index
[BMI] � 30 kg/m2) and daytime arterial hypercapnia

(PaCO2
� 45 mm Hg) in the absence of other causes of

chronic hypoventilation, such as obstructive or restric-
tive lung disease.1 The prevalence of obesity has been
progressively increasing worldwide over the past few
decades.2-4 The World Health Organization estimates an
obesity prevalence rate of 13% among adults, with
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Réanimation Médicale Hôpital Edouard Herriot, Hospices Civils de Lyon,
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major sociodemographic variations (http://www.who.int/
news-room/fact-sheets/detail/obesity-and-overweight. Ac-
cessed December 16, 2018). As a result, OHS is an
increasing cause of acute hypercapnic respiratory fail-
ure, defined as the combination of clinical signs of re-
spiratory failure and respiratory acidosis (pH � 7.35
and PaCO2

� 45 mm Hg) that requires admission to the
ICU. Epidemiological studies reported a 9 to 50% prev-
alence range of obesity in subjects admitted to the
ICU.5-7 However, OHS remains underrecognized in the
ICU setting. Noninvasive ventilation (NIV) has been
clearly established as the standard of care in subjects
with acute respiratory failure from COPD and cardio-
genic pulmonary edema.8-11

Early studies have demonstrated NIV to be beneficial in
treatment of respiratory failure in immunocompromised
subjects.12,13 In patients with OHS, NIV is also recom-
mended as a first-line therapy in this setting.14 However,
data with regard to the management of OHS in the ICU are
limited. NIV use in patients with OHS may be challenging
for various reasons, such as the potential for improper
interface fit to anatomic features (large face, short and
enlarged neck), the misuse in ventilator settings due to the
large discrepancy between actual and predicted body
weight, and upper-airway obstruction from the associated
obstructive sleep apnea syndrome (OSAS) that should make
PEEP higher than in other situations. Our objective was to
describe the ventilatory management and the outcome of
subjects with OHS admitted to the ICU for acute hyper-
capnic respiratory failure.

Methods

Study Population

A retrospective study was conducted in 4 ICUs, with
2 pneumology and sleep laboratory departments taking
part at the tertiary university teaching hospital in Lyon,
France. The third pneumology department in this institu-
tion was not included because it did not manage patients
with sleep-disordered breathing and/or those who required
long-term ventilatory support. Each participating pneumol-
ogy department had a capacity of 42 beds and an annual
admission rate of nearly 2,400 patients over the study
period, and was staffed with 7 senior physicians. Each

participating ICU had a capacity of 15 beds, admitted
�900 patients per year and was staffed with 7 senior phy-
sicians.

The present cohort was built as follows. First, the files
of patients with OHS who were hospitalized at least once
between January 1, 2013, and September 30, 2017, in
either pneumology ward were retrieved. Patients either
had an OHS diagnosis before January 1, 2013, or were
newly diagnosed with OHS during the study, with the
date of OHS diagnosis subsequently recorded. During
the hospitalization in the pneumology wards, a thorough
diagnostic workup for OHS was made, including chest
computed tomography, pulmonary function tests, over-
night polygraphy and/or polysomnography, and arterial
blood gas determination (morning and daytime sam-
ples).

Inclusion criteria were the following: age � 18 y; acute
hypercapnic respiratory failure, defined as the presence of
clinical signs of respiratory failure, together with respira-
tory acidosis (pH �7.35 and PaCO2

� 45 mm Hg), and the
need of ventilatory support to reverse clinical signs of
acute hypercapnic respiratory failure and/or correct hyper-
capnic acidosis; and OHS diagnosis before or after ICU
admission. For subjects with multiple ICU admissions,
data from the first admission were analyzed. Exclusion
criteria included ICU admission for other causes of acute
hypercapnic respiratory failure, such as septic or hemor-
rhagic shock.
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QUICK LOOK

Current knowledge

The prevalence of obesity is increasing worldwide and
is considered a public health issue. OHS is a cause of
acute hypercapnic respiratory failure and requires ad-
mission to the ICU. Noninvasive ventilation is recom-
mended as a first-line therapy for acute hypercapnic
respiratory failure in patients with OHS. However, re-
cent data with regard to epidemiology, ventilatory man-
agement, and outcomes of OHS in the ICU are limited.

What this paper contributes to our knowledge

During the course of OHS, ICU admission for acute
hypercapnic respiratory failure was frequent. Conges-
tive heart failure was a common precipitating factor.
OHS was largely underrecognized in medical wards
before ICU admission. Noninvasive ventilation was
highly successful in preventing intubation or death de-
spite the delayed response in correcting hypercapnic
acidosis. Vital capacity at OHS diagnosis was a novel
surrogate marker for OHS severity and was associated
with ICU admission.
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Study End Points

The primary end point was the rate of NIV success in
the management of acute hypercapnic respiratory failure
in the subjects with OHS admitted to the ICU. NIV
failure was defined as the need for endotracheal intu-
bation or death during the ICU stay. The secondary end
points were ICU mortality, ICU and hospital lengths of
stay, time to correct hypercapnic acidosis with NIV
(defined as an increase of pH to 7.35–7.45, together with
any decrease of PaCO2

), long-term survival, identification
of factors associated with ICU admission and with mor-
tality at the last follow-up, and the association of ICU
admission with mortality at the final follow-up.

A dedicated case record form was used for the included
subjects to collect the following: (1) clinical, functional,
biological, and OHS treatment characteristics at the time
of the first hospitalization in the pneumology ward; (2)
clinical data and management during the ICU stay; and (3)
subject outcomes. The database was anonymous and com-
plied with the requirements of our university teaching hos-
pital’s Commission Nationale de l’Informatique et des Lib-
ertés, the organization that regulates the collection, storage,
and use of personal data (study registration 18–274). In
accordance with French legislation, our observational study
did not require written consent from the subjects. How-
ever, we sought to obtain the non-refusal of the included
subjects by sending them a written letter explaining the
modalities and purposes of our study. The study was ap-
proved by the ethical committee of our university teaching
hospital (Hospices Civils de Lyon). This study was per-
formed in Hospices Civils de Lyon, a tertiary university
teaching hospital in Lyon, France.

Statistical Analysis

The normal distribution of variables was assessed by
using Kolmogorov-Smirnov and Shapiro-Wilk tests. Quan-
titative variables were expressed as median with first and
third quartiles, and were compared by using the Mann-
Whitney test. Qualitative variables were expressed as count
and percentage, and were compared by using the chi-square
test or the Fisher exact test when necessary. The proba-
bility of survival was estimated by using the Kaplan-Meier
method. The point of time was set on October 1, 2017. The
log-rank test was used to compare the probability of sur-
vival in subjects with and without ICU admission. We also
computed the difference in the restricted mean survival
time at the last follow-up between the subjects with and
without an ICU stay. The difference in the restricted mean
survival time was the area between Kaplan-Meier graphs.
A logistic regression model was used to analyze factors
associated with ICU admission. Variables associated with
ICU admission in the univariate analysis with P � .20

were used as covariates in the multivariate logistic regres-
sion analysis.

The Cox proportional hazard model was used to analyze
factors associated with mortality at the last follow-up. The
proportionality assumption was assessed by creating a Cox
model with time-by-covariate interactions for each vari-
able (introducing products between the variables and a
linear function of time) and by testing for statistical sig-
nificance. Variables associated with overall mortality in
the univariate analysis with P � .20 and exhibiting con-
stant relative hazard over time were used as covariates in
the model. A stepwise logistic regression analysis was
then performed. To further analyze the role of ICU admis-
sion on long-term survival, we reasoned that a ICU stay
was a competitive factor and defined 3 transitions (OHS
onset to ICU admission, OHS onset to last follow-up, and
ICU admission to last follow-up). We checked the propor-
tionality of risk for each transition and then investigated
whether the time a subject arrived to the ICU admission
stage influenced the subsequent death; this was the tran-
sition hazard from ICU admission to death. We finally
performed a time-dependent Cox proportional model in
which the ICU stay was the time-dependent covariate.
Statistical analysis was performed with SPSS Statistics 21
software (IBM, Armonk, New York) and with mstate, sur-
vival and survRM2 packages of R software version 3.2 (R,
R Foundation for Statistical Computing, Vienna, Austria,
URL http://www.R-project.org/. Accessed October 28,
2018). P � .05 was considered statistically significant.

Results

OHS Population

Between January 1, 2013, and September 30, 2017, 115
subjects with OHS were included (Table 1). No subject
was admitted to the ICU before January 1, 2013, or was
admitted to any ICU (other than the 4 study ICUs) during
the study. Age was median (range) 69 (60–76) y and BMI
of 42 (37–48) kg/m2. Female sex was largely predominant
(77%), and 72% of the subjects had a concurrent OSAS.
Daytime PaCO2

at the time of an OHS diagnosis was me-
dian (range) 49 (47–53) mm Hg. After an OHS diagnosis,
89 subjects (77.4%) were treated with long-term NIV and
18.4% with CPAP. During the median follow-up period of
median (range) 3.5 (1.4–6) y, 20 subjects (17.4%) died of
respiratory failure due to OHS as the cause of death in
6 subjects (5.2%). Nine of these subjects were admitted to
the ICU. Survival rates at 1, 3, and 5 y were 99, 91.6, and
80.4%, respectively.

Subjects With OHS Admitted to the ICU

During the follow-up period, 37 subjects (32.1%) were
admitted to the ICU for acute hypercapnic respiratory failure
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Table 1. Clinical, Functional, and Treatment Characteristics of the Subjects With OHS

Characteristic

OHS

POverall Population
(N � 115)

Without ICU Admission
(n � 78)

With ICU Admission
(n � 37)

Age at diagnosis, median (range) y 69 (60–76) 67 (58–75) 71 (65–78) .02
Female-to-male ratio 3.4 3.8 2.7 .43
BMI, median (range) kg/m2 42 (37–48) 42 (37–48) 41 (35–47) .11
Smoking status .14

Non-smoker, n (%) 89 (77.4) 63 (80.7) 26 (70.3) NA
Active smoker, n (%) 12 (10.4) 6 (7.6) 6 (16.2) NA
Former smoker, n (%) 14 (12.2) 9 (11.5) 5 (13.5) NA
Pack-years, median (range) 30 (10–30) 17 (10–37) 34 (20–50) .11

Comorbidities
Charlson score, median (range) 1 (1–2) 1 (1–2) 2.2 (1–3.5) .07
Diabetes, n (%) 71 (61.7) 50 (64.1) 21 (56.8) .39
Hypertension, n (%) 90 (78.3) 61 (78.2) 29 (78.4) .98
Dyslipidemia, n (%) 27 (23.5) 21 (26.9) 6 (16.2) .21
HFrEF, n (%) 11 (9.6) 7 (9) 4 (10.8) .75
PAD, n (%) 7 (6.1) 4 (5.1) 3 (8.1) .53
Pulmonary hypertension, n (%) 26 (22.6) 15 (19.2) 11 (29.7) .21

OSAS, n (%) 83 (72.2) 55 (70.5) 28 (75.7) .56
OSAS severity .82

Mild, n (%) 5 (6) 3 (5.4) 2 (5.4) NA
Moderate, n (%) 19 (22.8) 12 (21.8) 7 (18.9) NA
Severe, n (%) 59 (71) 40 (72.7) 19 (51.3) NA
AHI, median (range) 40 (25–62) 41 (25–64) 43 (25–56) .59

Treatment
CPAP, n (%) 21 (18.4) 14 (17.9) 7 (18.9) .78
NIV, n (%) 89 (77.4) 63 (80.8) 26 (70.3) .21
IPAP, median (range) 20 (17–21) 20 (17–21) 19 (18–21) .37
EPAP, median (range) 8 (7–10) 8 (7–10) 8 (7–9) .63
LTOT, n (%) 43 (37.4) 30 (38.5) 13 (35.1) .72
No treatment, n (%) 6 (5.2) 3 (3.8) 3 (8.1) .33

ABG, median (range)
At OHS diagnosis

pH, median (range) 7.38 (7.36–7.40) 7.38 (7.36–7.40) 7.38 (7.36–7.42) .89
PaCO2

, mm Hg 49 (47–53) 49 (47–52) 51 (48–53) .13
Bicarbonate, mmol/L 29 (27–31) 29 (27–31) 30 (28–31) .13

At the last evaluation
pH 7.40 (7.38–7.42) 7.40 (7.38–7.42) 7.40 (7.36–7.40) .051
PaCO2

, mm Hg 45 (40–47) 44 (40–46) 45 (40–48) .26
PFT at diagnosis, median (range) %

FEV1/FVC 75 (71–80) 75 (72–80) 75 (70–79) .45
FEV1 73 (63–85) 75 (67–90) 65 (58–76) .004
FVC 77 (68–90) 80 (70–96) 72 (65–80) .01
TLC 85 (76–95) 88 (77–98) 82 (73–92) .062

Mortality, n (%) 20 (17.4) 11 (14.1) 9 (24.3) .17
Cause of death, n (%) .49

OHS 6 (5.2) 5 (6.4) 1 (2.7) NA
Cancer 5 (4.3) 2 (2.5) 3 (8.1) NA
Stroke 4 (3.4) 2 (2.5) 2 (5.4) NA
Septic shock 2 (1.7) 1 (1.2) 1 (2.7) NA
Unknown 3 (2.6) 1 (1.2) 2 (5.4) NA

(continued)
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(Fig. 1, Table 1). At the time of ICU admission, frequency
was median (range) 25 (20 –30) breaths/min, pH was
7.26 (7.22–7.31), and PaCO2

was 70 (61–76) mm Hg before
any NIV use (Table 2). The most frequent precipitating
factor of acute hypercapnic respiratory failure was con-
gestive heart failure (54%), followed by acute pulmonary
embolism (10.8%). Acute-on-chronic respiratory failure
secondary to OHS without any identified precipitating fac-
tor occurred in the remaining 11 subjects (29.7%) (Table
2). Fourteen subjects (37.8%) were diagnosed with OHS
and were treated with CPAP or home NIV before ICU
admission.

For subjects with home NIV, an initial trial of their
device was made. In case of clinical or gas exchange wors-
ening, a switch to an ICU ventilator was done with pres-
sure support ventilation. For subjects without home NIV,
an ICU ventilator with pressure support ventilation was
used at admission, then subsequently switched to NIV
before referral to pneumology wards. Among the 23 sub-
jects without a known OHS diagnosis before ICU admis-
sion, 7 (30%) were hospitalized in medical wards at least
once during the previous 2 y for respiratory or non-respi-
ratory purposes. During the ICU stay, NIV was used as
first-line ventilatory support in 36 subjects (97.2%) and
was successful in 33 subjects (91.7%) (Table 2). The time
to correct hypercapnic acidosis with NIV was median
(range) 2.9 (1–3) d. Invasive ventilation was used as a
first-line respiratory support in 1 subject (2.7%) and after
NIV failure in 3 subjects (8.3%). The cause of NIV failure
was worsening mental status in 2 subjects and severe hy-
poxemia with acute respiratory distress syndrome in 1 sub-
ject due to infectious pneumonia. No serious complica-
tions of NIV use were reported. These 23 subjects (62.1%),
who had no OHS diagnosis before ICU admission (and

who were not treated with home ventilatory support), were
transferred from the ICU to the pneumology department
with an NIV device. Only one subject (2.7%) died in the
ICU. The cause of death was not related to respiratory
failure but to an ulterior palliative care decision for met-
astatic ovarian cancer. ICU and hospital length of stay

Subjects with
OHS
115

ICU admissions for AHRF
37

No ICU admission
78

NIV success
33

Death
1

ICU discharge
32

ICU discharge
3

ICU discharge
1

NIV failure
3

Endotracheal intubation
first-line

1

14 treated for OHS
23 no prior OHS

ICU readmissions
17

11 for AHRF-OHS
6 not related to OHS

Fig. 1. Flow chart. OHS � obesity hypoventilation syndrome, NIV �
nonivasive ventilation, AHRF � acute hypercapnic respiratory
failure.

Table 1. Continued

Characteristic

OHS

POverall Population
(N � 115)

Without ICU Admission
(n � 78)

With ICU Admission
(n � 37)

Follow-up length, median (range) y 3.5 (1.4–6) 3.4 (1.6–6.8) 3.3 (1.3–4.5) .23

P comparing subjects with and without ICU admission.
BMI � body mass index
NA � not applicable
HFrEF � heart failure with reduced ejection fraction
PAD � peripheral artery disease
OSAS � obstructive sleep apnea syndrome
AHI � apnea-hypopnea index
NIV � noninvasive ventilation
IPAP � inspiratory positive airway pressure
EPAP � expiratory positive airway pressure
LTOT � long-term oxygen therapy
ABG � � arterial blood gas
PFT � pulmonary function test
TLC � total lung capacity
OHS � Obesity-hypoventilation syndrome
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were median (range) 7.2 (4–8) d and 14.2 (10–16.5) d,
respectively (Table 2). After ICU discharge, 17 subjects
(45.9%) were readmitted to the ICU after a median period
of median (range) 0.8 (0.2–1.8) y, among whom, 11 (29.7%)
had acute hypercapnic respiratory failure related to OHS
(Fig. 1).

Comparison Between Subjects With and Without
ICU Admission

The subjects with OHS who were admitted to the ICU
for acute hypercapnic respiratory failure were older and
had lower FEV1 and lower vital capacity (VC) at the time
of the OHS diagnosis than those not admitted to the ICU
(Table 1). There was no significant difference between the
2 groups for BMI, sex ratio, comorbidities, frequency of
OSAS, type of home ventilatory support, or arterial blood
gas. Overall survival tended to be significantly lower in
the subjects with than in those without ICU admission
(P � .051) (Fig. 2). The restricted mean survival time was
significant, with a gain in survival of 663 (95% CI 69–
1,256) d for those subjects not admitted to the ICU (P � .03).
The survival rates at 1, 3, and 5 y were 100, 92.5, and
85.7%, respectively, for the subjects without ICU admis-
sion, and were 97, 89.7, and 65.3%, respectively, for those
admitted to the ICU.

Factors Associated With ICU Admission

Age, BMI, VC, and PaCO2
at the time of the OHS diag-

nosis were significantly associated with ICU admission in
the univariate analysis (Table 3). Multivariate analysis
showed that only VC at the OHS diagnosis was indepen-
dently associated with the risk of ICU admission (Hazard
ratio 0.92, 95% CI 0.86–0.97; P � .007), the higher the
VC, the lower the risk of ICU admission (Table 3).

Factors Associated With Long-Term Outcome

Age at diagnosis, VC at diagnosis, PaCO2
of �50 mm Hg

at diagnosis, and heart failure with reduced ejection frac-
tion and ICU admission over the course of the disease
were significantly associated with overall mortality in the
univariate analysis (Table 4). However, the Cox propor-
tional hazard model did not find any factor significantly
associated with overall mortality in the multivariate anal-
ysis (Table 4).

Role of the ICU Stay on Long-Term Survival

The hypothesis of proportionality of risk of an ICU stay
was not rejected (P � .85), and the ICU stay was not
significantly associated with long-term outcome (P � .81).
This was also found with the Cox model for time-depen-
dent covariates (P � .17).

Discussion

The main findings of the present study can be summa-
rized as follows:

Table 2. Clinical, Biological, and Treatment Characteristics of
Subjects With OHS Admitted to the ICU

Characteristic OHS in the ICU

Age at ICU admission, median (range) y 71 (65–78)
ABG, plasma bicarbonate, and lactate at ICU

admission (before NIV use), median (range)
pH 7.26 (7.22–7.31)
PaCO2

mm Hg 70 (61–76)
PaO2

mm Hg 79 (66–83)
Bicarbonate, mmol/L 30 (26–35)
Lactate, mmol/L 1.2 (0.8–1.7)

Vital signs, median (range)
Mean arterial pressure, mm Hg 81 (66–95)
Heart rate, beats/min 91 (80–95)
Breathing frequency, breaths/min 25 (20–30)
Glasgow coma score 13 (13–15)
SAPS II score 36 (23–49)

AHRF cause, n (%)
Congestive heart failure 20 (54)
OHS 11 (29.7)
Pulmonary embolism 4 (10.8)
Pneumonia 1 (2.7)
Neoplastic pleural effusion 1 (2.7)

OHS diagnosis
Previous diagnosis, n (%) 14 (37.8)
Delayed diagnosis–ICU admission, median

(range) mo
11.5 (�2.4 to 25)

Treatment
NIV first line, n (%) 36 (97.2)
NIV success, n (%) 33 (91.7)
Invasive ventilation first line, n (%) 1 (2.7)
Invasive ventilation after NIV failure, n (%) 3 (8.1)
Duration of invasive ventilation, median

(range) d
4.4 (1–7)

Duration of NIV, median (range) d 6 (3–8)
Time to correct acidosis with NIV, median

(range) d
2.9 (1–3)

NIV at ICU discharge, n (%) 23 (62.1)
Renal dialysis, n (%) 3 (8.1)
Vasopressor agents, n (%) 8 (21.6)

Length of stay, d
ICU, median (range) 7.2 (4–8)
After ICU, median (range) 14.2 (10–16.5)

Death in the ICU, n (%) 1 (2.7)

OHS � Obesity-hypoventilation syndrome
ABG � � arterial blood gas
NIV � noninvasive ventilation
SAPS II � Simplified Acute Phyiology Score II
AHRF � acute hypercapnic respiratory failure
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• Congestive heart failure was the leading cause of acute
hypercapnic respiratory failure (�50%) in the subjects
with OHS.

• Despite the severity of respiratory acidosis, NIV was an
effective first-line treatment in nearly 90% of subjects.

• Lower VC at the time of OHS diagnosis was associated
with a higher risk of ICU admission. ICU admission was
not significantly associated with long-term outcome;
however, the subjects not admitted to the ICU had a
significant gain in survival, of 663 d.

OHS is still an unrecognized and misdiagnosed condition,
despite the increasing prevalence of obesity all over the
world.15 OHS is found in up to 20% of patients who are
obese and with OSAS, and its rate increases with higher
BMI.16-21 Epidemiological studies5,22-24 that report the

prevalence of OHS in hospitalized subjects and partic-
ularly in the ICU setting are lacking. One study reported
a 31% prevalence of OHS among adult hospitalized
subjects with obesity (BMI threshold of 30 kg/m2).22

Another study conducted in an ICU found that 8% of all
admissions fulfilled the diagnostic criteria for OHS
(BMI threshold of 40 kg/m2).5 In our study, 32% of the
subjects with OHS were admitted to the ICUs for
acute hypercapnic respiratory failure and 46% of them
were readmitted for the same reasons in the following
2 years.

Interestingly, 62% of the subjects admitted to the ICU
had no previous diagnosis of OHS, and 30% of the
subjects had no additional cause for acute hypercapnic
respiratory failure besides OHS. This finding was consis-
tent with other studies in which OHS was revealed by
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Fig. 2. Survival of OHS patients according to ICU admission. OHS � obesity-hypoventilation syndrome, ICU � intensive care unit.

Table 3. Uni- and Multivariate Analysis of Factors Associated With ICU Admission for Subjects With OHS Using Logistic Regression

Factor
Univariate Analysis Multivariate Analysis

P HR (95% CI) P HR (95% CI)

Age at diagnosis, y .01 1.05 (1.01–1.09) .36 1.03 (0.95–1.12)
BMI at diagnosis, kg/m2 .15 0.96 (0.92–1.01) .25 0.93 (0.82–1.05)
FVC at diagnosis, % .05 0.95 (0.92–0.98) .007 0.92 (0.86–0.97)
PaCO2

at diagnosis, mm Hg .11 1.07 (0.98–1.16) .63 1.03 (0.89–1.20)

HR � hazard ratio
BMI � body mass index
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severe acute hypercapnic respiratory failure that required
ventilatory support.23-26 Moreover, the fact that one third
of the subjects were hospitalized in the previous 2 years
for respiratory or non-respiratory purposes highlights the
risks of delay in making a diagnosis of OHS in these
patients. After ICU discharge, as well as after hospital
discharge, all the subjects with no previous diagnosis of
OHS were treated with domiciliary CPAP or NIV, and the
OHS diagnosis was confirmed after a median delay of
median (range) 0.9 (0.6–3.5) months.

Another finding of our study was the burden of conges-
tive heart failure in subjects with OHS and with acute
hypercapnic respiratory failure. Cardiovascular comorbidi-
ties are frequent in patients who are obese.27 Although the
diagnosis of heart failure with altered ejection fraction is
relatively easy to make, that of heart failure with preserved
heart systolic function can be difficult. Left-ventricular
diastolic dysfunction is a known complication of obesity.27

In addition, pulmonary hypertension is another important
clinical feature of OHS.28,29 Therefore, patients with OHS
need a careful examination of heart function and loading
conditions. Interestingly, NIV use in patients with OHS
can improve pulmonary hemodynamics by correcting
chronic hypoventilation.28-31 Pulmonary embolism and
pneumonia were listed as causes of acute hypercapnic re-
spiratory failure and result in mixed hypoxemic and hy-
percapnic respiratory failure. Due to the retrospective na-
ture of our study, evaluating the burden of preexisting
OHS and that of specific precipitating factors in the setting
of acute respiratory failure was difficult.

In our study, NIV had a very high success rate to treat
acute hypercapnic respiratory failure (91%). Studies that
evaluated NIV in subjects who were obese and critically ill
found NIV failure rates that ranged from 2 to 60%.23,32-36

The higher failure rates in these studies than in the current
study may be explained by higher severity scores, more
severe hypoxemia, and infectious pneumonia as the main
reason for acute hypercapnic respiratory failure.36 Higher
NIV success rates were found in subjects with acute idio-
pathic decompensation of OHS and with high PaCO2

lev-

els.33,36 Interestingly, subjects with acute-on-chronic respi-
ratory failure had a delayed but successful response to
prolonged NIV, which prevented intubation.33,36 In our
study, the median time to correct respiratory acidosis with
NIV was 2.9 d, which should encourage the prolonged use
of NIV when this is possible, instead of early intubation.
This delay may be explained by the high initial PaCO2

in
our subjects and the reduced neural respiratory drive found
in patients with OHS.37,38

We identified lower VC at the time of the OHS diag-
nosis as a factor independently associated with ICU ad-
mission for acute hypercapnic respiratory failure. Lower
values of VC are found in hypercapnic compared with
patients who are eucapnic and who are obese and with
OSAS.39 This finding indicated that a restrictive pattern on
pulmonary function tests might be considered as a surro-
gate marker of OHS severity.

Our study was one of the few studies to report long-term
survival in subjects with OHS. We found a 5-y survival
rate of 80% and a 10-y survival rate of 60%. These find-
ings were similar to survival rates reported in previous
studies.25,40 We found no independent factor associated
with long-term overall mortality. The ICU mortality rate in
our study (2.7%) was lower than predicted by the Simpli-
fied Acute Physiology Score II score of 18%. Even though
the subjects admitted to the ICU tended to a have a higher
overall mortality rate, no causality effect could be drawn
from this observation. This finding, along with the low
ICU mortality rate, suggested that referral of patients with
OHS and acute hypercapnic respiratory failure to ICUs
remains justified. The difference in the restricted mean
survival time showed that the subjects without an ICU stay
survived longer than the subjects who stayed in the ICU.
This was an expected result. However, we were unable to
show that an ICU stay is a risk factor for the long-term
outcome in the multivariate analyses we performed. This
discrepancy could be due to the lack of power of our study.

Our study had several limitations. Due to its retrospec-
tive nature, the selection and information bias may have
underestimated the real prevalence of OHS in the ICU

Table 4. Uni- and Multivariate Analysis of Factors Associated With Overall Mortality for Subjects With OHS Using the Cox Proportional Hazard
Model

Factor
Univariate Analysis Multivariate Analysis

P HR (95% CI) P HR (95% CI)

Age at diagnosis, y .059 1.05 (0.99–1.11) .14 1.04 (0.98–1.11)
HFrEF .09 2.52 (0.84–7.58) .13 2.45 (0.74–8.08)
FVC .04 0.96 (0.92–1.00) .14 0.96 (0.92–1.01)
PaCO2

at diagnosis � 50 mm Hg .07 2.49 (0.90–6.8) .11 2.77 (0.78–9.84)
ICU admission .07 2.26 (0.91–5.64) .92 0.94 (0.30–2.94)

HR � hazard ratio
HFrEF � heart failure with reduced ejection fraction
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because we only included subjects with an established
diagnosis of OHS and may have excluded undiagnosed
cases. This also prevented us from analyzing the effect of
the NIV interface on gas exchange correction and out-
come. Another limitation was the monocentric design of
our study, which may have hindered the extrapolation of
results. However, our OHS population was comparable
with other OHS cohorts reported in the literature with
regard to BMI, frequency of OSAS, arterial blood gas, and
hypoventilation management.5,23,26 Moreover, the small
sample size and the relatively low number of events (ICU
admissions or deaths) made our study underpowered.

Conclusions

Our study showed that acute hypercapnic respiratory
failure that required ICU admission in subjects with OHS
was generally responsive to NIV and had favorable out-
comes. A thorough diagnostic and therapeutic workup for
congestive heart failure was necessary because of the heavy
burden of cardiovascular diseases in this setting. Undiag-
nosed OHS was present in nearly two thirds of the subjects
admitted to the ICU, which highlighted the need for in-
creased awareness to better recognize OHS and prevent its
respiratory complications.
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