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CASE: M/58
• Admitted to the cardiac ICU d/t dyspnea

• Previous healthy except CHB (w/o LC), 

never smoked

• Weight 129 kg, height 175cm, BMI 42 kg/m2

• V/S 151/98-98-22-37.1℃

• ABGA on ambient air: 7.38-72-44-42, 75%

• NT-proBNP 1,150 pg/mL

• EchoCG: LVEF 70%, D-shaped LV; RV,  

dilated, systolic function ↓; PASP 67mmHg

• Chest CT: no PE

• HFNC 60 L/min, FiO2 0.8

(without an NIV mask of helmet?)

• Progressed respiratory failure → MV → 

VV-ECMO on day 1

• Diuretics, negative net fluid balance, and 

nutritional controls

• VV-ECMO weaned on day 19 

• Extubation and nocturnal NIV on day 26

• Weight 98 kg, BMI 32 kg/m2 on week 4

→ Diagnosis of obesity hypoventilation syndrome 

Ann Palliat Med 2022;11:3341-5.
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• Obesity: BMI ≥ 30 kg/m2

• Daytime hypercapnia: PaCO2 ≥ 45 mmHg during wakefulness

• Absence of an alternative neuromuscular, mechanical, or metabolic 

explanation for hypoventilation.

• Sleep-disordered breathing (SDB): invariably accompanied by SDB, and 

therefore SDB is included as one of the diagnostic criteria in some expert 

definitions of OHS

Principles and Practice of Sleep Medicine (7th edition)

Obesity hypoventilation syndrome (OHS)



SBD in OHS

• OSA (apnea-hypopnea index [AHI] ≥ 5/h: 

90%

• Severe OSA (AHI ≥ 30/h): 70%

• Remaining patients have non-obstructive 

sleep hypoventilation with no or mild OSA.

Principles and Practice of Sleep Medicine (7th edition)
Eur Respir Rev 2019;28.



Staging of hypoventilation in obesity

Eur Respir J 2017;49.



Prevalence

• In the general population: unknown (estimates: 0.3% to 0.48%)

• In patients presenting with SBD

• In ICU setting: unknown (one study: 8%)

Chest 2016;149:856-68.
J Intensive Care Med 2013;28:124-30.



Clinical presentations

• The most common presentations are either 

– An acute-on-chronic exacerbation of hypercapnic respiratory failure, 

leading to admission to an ICU or a sleep specialist referral for suspected 

OSA

• Patients with OHS admitted with acute hypercapnic respiratory failure have a 

high rate in-hospital mortality (18%).

Eur Respir J 2017;49.
J Intensive Care Med 2017;32:421-8.



Characteristics of OHS admitted to ICU (1)

• Retrospective review of all 

patients who were admitted 

to ICU over an 8-month 

period, September 2010 

and April 2011, USA

• OHS prevalence: 8% of all 

admissions

J Intensive Care Med 2013;28:124-30.



Characteristics of OHS admitted to ICU (1)

• All of the patients had been previously admitted to our hospital or emergency 

room in the preceding 24 months; the average number of admissions was 

6+7 (range 1-39).

• 42 (68%) patients had been erroneously diagnosed and treated for COPD, 4 

for asthma/COPD.

– None of the patients diagnosed with COPD had evidence of obstructive 

airway disease and none of the patients diagnosed with asthma had 

evidence of reversible airway obstruction on lung function testing.

– All patients were admitted to hospital with the diagnosis of ‘‘COPD 

exacerbation’’ and/or heart failure.

J Intensive Care Med 2013;28:124-30.



Characteristics of OHS admitted to ICU (1)

• 24 (40%) patients had previously undergone polysomnography, with 22 

having been prescribed nocturnal CPAP/BiPAP; only 3 of these patients 

carried the diagnosis of OHS.

• 3 patients had previously had a tracheotomy performed for OSA; these 

patients required mechanical ventilation.

• 7 patients had a tracheotomy performed while in the ICU.

• 11 patients (18%) died during the index hospitalization

• During the 8-month period of the study, 4 patients were readmitted to the ICU 

while 5 remained hospitalized in our long-term ventilator facility.

J Intensive Care Med 2013;28:124-30.



Characteristics of OHS 
admitted to ICU (2)

• Patients consecutively 

admitted to the ICU for 

hypercapnic respiratory failure 

without previously diagnosed 

sleep apnea, between January 

2015 and December 2018

• STOP-Bang questionnaire ≥ 3 

→ invited to type 3 sleep study 

within 3weeks following the 

ICU discharge

Ann Am Thorac Soc 2021;18:727-9.



STOP-Bang questionnaire



Ann Am Thorac Soc 2021;18:727-9.



Pitfalls in the management of OHS

▪ Excessive oxygen administration

▪ Excessive administration of loop diuretics

▪ Misdiagnosis of obstructive lung disease

Ann Am Thorac Soc 2016;13:109-14.



Characteristics of OHS admitted to ICU

• Many obese patients have hypoxemia at baseline, which worsens with acute 

illness.

– due to dependent atelectasis, hypoventilation, or other coexistent 

respiratory disease

• Acute hyperoxia-induced hypercapnia: well-accepted phenomenon in COPD.

• Recommendation: titrating inspired oxygen in patients who do not require 

immediate intubation for airway protection or hemodynamic compromise, to 

yield oxygen saturations of 89 to 92%.

Ann Am Thorac Soc 2016;13:109-14.



Thorax 2014;69:346-53.

Excessive oxygen administration

• Double-blind randomized 

crossover study

• 14 OHS, 14 controls



Thorax 2014;69:346-53.

50% inspired oxygen was associated with more than 3 mm Hg increase of PCO2 and 3% increase in 
dead space fraction after 20 minutes.

Excessive oxygen administration



Excessive administration of loop diuretics

• Nocturnal hypercapnia 

associated apnea/hypopnea 

causes gradual increases in 

bicarbonate that are not fully 

excreted during the day

Ann Am Thorac Soc 2016;13:109-14.



Excessive administration of loop diuretics

• Lower extremity edema, pulmonary edema

• Cor pulmonale, left ventricular diastolic/systolic 

dysfunction

→ Frequent use of loop diuretic such as furosemide

• Overuse of furosemide → contraction alkalosis 

exacerbate metabolic alkalosis and associated 

compensatory hypercapnia.

• Use of acetazolamide to offset the alkalosis promoting 

properties of furosemide alone.

Ann Am Thorac Soc 2016;13:109-14.



Misdiagnosis of obstructive lung disease

• There are data to suggest that obesity reduces airway caliber, which, in some 

patients, may cause wheezing without airway disease.

Ann Am Thorac Soc 2016;13:109-14.
Eur Respir J 2005;25:896-901.

Mean±95% CI of airway conductance (Gaw) corrected for asthma and lung volume in males (a) and 

females (b)



Management of acute-on-chronic 
exacerbations of OHS

Am J Respir Crit Care Med 2019;200:e6-e24.



Am J Respir Crit Care Med 2019;200:e6-e24.



Individual patient data meta-analysis

• No RCT

• 9 studies, total of 1,162 patients: 

1,043 (89.8%) discharged with 

PAP (NIV, 91.5%, CPAP 8.5%) 

and 119 discharged without PAP

• To mitigate confounding, patients 

were divided into three groups 

(tertiles) on the basis of 

propensity scores.

Ann Am Thorac Soc 2020;17:627-37.

Question 4: Should hospitalized adults suspected of having OHS, in whom the diagnosis 
has not yet been made, be discharged from the hospital with or without PAP treatment 
until the diagnosis of OHS is either confirmed or ruled out?



Ann Am Thorac Soc 2020;17:627-37.



Individual patient data meta-analysis

Ann Am Thorac Soc 2020;17:627-37.



Am J Respir Crit Care Med 
2019;200:e6-e24.



Pickwick project

• Multicenter, open-label RCT at 16 clinical sites in Spain

• Enrolled between May 2009 and March 2013

Masa JF, et al. Am J Respir Crit Care Med. 2015 Jul 1;192(1):86-95.



Pickwick study with severe OSA

Masa JF, et al. Am J Respir Crit Care Med. 2015 Jul 1;192(1):86-95.



30↑, 2M, Primary outcome: PaCO2

• NIV yielded the greatest improvement 

in PaCO2 with significant differences.

• In the CPAP group, PaCO2

improvement was significantly 

different than in the control.

– only after CPAP compliance adjustment.

• No significant differences between NIV 

and CPAP groups.

• NIV ≒ CPAP : PaCO2, bicarbonate

• NIV > CPAP : respiratory function, 6-

MWD.

Masa JF, et al. Am J Respir Crit Care Med. 2015 Jul 1;192(1):86-95.



NIV ≒ CPAP : PaCO2, bicarbonate

NIV > CPAP : respiratory function, 6-

MWD.

30↑, 2M, Secondary outcome

Respiratory 
function
6-MWD

PaCO2
Bicarbonate

Sleepiness
questionnaire

QOL
questionnaire

Masa JF, et al. Am J Respir Crit Care Med. 2015 Jul 1;192(1):86-95.



30↑, 36 M

Masa JF, et al. Lancet 2019;393:1721-32.

• Patients in the control group (i.e. lifestyle 

changes) were re-randomized.

• All patients randomized to NIV or CPAP 

were followed for 3 years.

• Median follow-up: 5.44 years

• Primary outcome: hospitalization days 

per year

• Median adherence to CPAP or NIV: 6.0 h/d



Simple is the best!
Given that CPAP has lower complexity and cost, CPAP might be the preferred first-line PAP treatment modality 
until more studies become available.



Pickwick study without severe OSA

Masa JF, et al. Am J Respir Crit Care Med. 2015 Jul 1;192(1):86-95.



30↓, 2M, Primary outcome: PaCO2

Masa JF, et al. Thorax. 2016 Oct;71(10):899-906.



30↓, 36M

Masa JF, et al. Chest. 2020 Sep;158(3):1176-1186.

• Median follow-up of 4.98 years 

• NIV modality: volume targeted pressure 
support

• Lifestyle modification:1,000-calorie diet and 
the maintenance of correct sleep 
hygiene and habits.

• Primary outcome: hospitalization days 
per year 

• Median adherence in the NIV arm: 3.68 h/d



time until the first 
ED visit



Masa JF, et al. Chest. 2020 Sep;158(3):1176-1186.

• 8 RCTs, 290 patients

• 4 for OHS, 3 for COPD, 1 for OHS 

and COPD

• Oronasal mask: 86%

Nasal vs oronasal masks 
for home NIV in chronic 
hypercapnia: IPD meta-

analysis



OSA
Nasal mask vs. Oronasal mask: 

hrs/night

J Clin Sleep Med. 2019 Feb 15;15(2):301-334

• RCTs

• non-RCTs



Andrade RGS, et al. Chest 2018;153:665-74.

OSA
Nasal mask vs. Oronasal mask: 

hrs/night



Thorax. 2021;76(11):1108-11



Volume-assured pressure support (VAPS)

• VAPS automatically adjusts the PS to deliver an adequate tidal 

volume/alveolar ventilation

Sleep medicine pearls, 3rd ed.

or alveolar ventilation



VAPS

Device Intelligent VAPS (iVAPS) Average VAPS (AVAPS)

Target

Alveolar ventilation

= minute ventilation — dead space 

ventilation (based on height)

Tidal volume

EPAP Set to maintain an open airway Same

PS Varies Varies

Backup rate iBR (intelligent backup rate) varies Fixed

Settings

Target alveolar ventilation

Height
Target tidal volume

Max PS

Min PS

Max IPAP 

min IPAP

EPAP EPAP

Target backup rate Backup rate

Ti, Rise time, Trigger, Cycle Ti, Rise time, Trigger, Cycle





Summary

• OHS: BMI ≥ 30 kg/m2 / daytime PaCO2 ≥ 45 mmHg / sleep-disordered 

breathing

• Common: acute-on-chronic exacerbations, misdiagnosis

• For management of hospitalized patients in acute-on-chronic respiratory 

failure treated with NIV

– patients be discharged on empiric NIV settings because of high risk of short-term (3 mo) 

mortality without therapy.

– evaluation with a sleep study and PAP titration in the sleep laboratory as early as 

possible after discharge from the hospital, ideally within 3 months of discharge.



Thanks for your attention
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