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Obesity

|

l

|

Leptin resistance

Increased mechanical load and
weak respiratory muscles

Obstructive sleep apnea
Upper airway resistance

v

l

Acute hypercapnia
during sleep

l

>

Blunted ventilatory response

Increased serum
bicarbonate

|

Chronic hypercapnia

Mokhlesi B, Tulaimat A Chest 2007;132:1322

-1336
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Fig. 3. Prevalence of obesity hypoventilation syndrome (OHS) in
patients with cbstructive sleep apnea (05A), by categories of body
mass index (BMD) in the United States.2® France,"® and HKalv. The
clata from ltaly was providaed by Professor Onofrio Resta from the
University of Bari, Italy. In the study from the United States the
mean BMI was 43 ka/m= and 60% of the subjects had a BMI
above 40 kg/m=. In contrast, the mean BMI in the French study
was 34 kg/m?® and 15% of the subjects had BMI above 40 ka/m=.
Consequently, OHS may b= more prevalant in the United States,
comparad to othar nations, because of its more exubarant obesity
epidemic. (Adapted from Reference 8, with permission.)
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Increased work of breathing and increased needs to augment
minute ventilation to maintain adequate alveolar ventilation

U {}

Patient can increase ventilatory Patient cannot increase ventilatory
drive and minute ventilation drive and minute ventilation
U !
Normal ventilation and Hypoventilation especially during sleep
eucapnia hypercapnia and hypoxemia
Nl Il ﬂ 90% 10% ||
§ ~ N
Simple obesity OSA OHS + OSA OHS

Dabal LA et al. Ann Thorac Med. 2009 Apr &Jun; 4(2): 41 &49.
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1Work of Breathing
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Ventilatory Response

Powers MA. Respir Care 2008;53(12):1723 61730.
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BMI O 30 kg/ m2

OSA (AHI > 5)and
BMI > 30 kg/m?
Serum HCO5 <27 mEq/L Serum HCO5 > 27 mEq/L
3% with OHS 50% with OHS
Lowest oxygen saturation during sleep > 60% Lowest oxygen saturation during sleep < 60%
or AHI <100 or AHI > 100
36% with OHS 76% with OHS

Mokhlesi B, Tulaimat A Chest 2007;132:1322 -1336



PSG and spirometric differences

@04 804 91 1
— — B
< s e 70 o
g ¥ E - &0 E. 7
C a o
3 40 = Ll =T

1 — g 5 g2 ¥
z E W o v e
F - Ty o [T} [
g 0 G '3 40 b % 4
£ = an =
e R & 5E °
| E= 20 E= 2
g 10 & M g
I 104 1

l;l 0 (] | e 1

O5A OHS 054 OHS 054 OHS

Fig. 5. Polysomnographic differences betwesan patients with obe-
sity hypoventilation syndrome (OHS) in = 23) and patients with
ohstructive sleep apnea (OS5A) (n = 23) matched for age, body
mass index (BMI), apnea-hypopnea index, and lung function forced
vital capacity and FEV; percent of predicted). Patients with OHS
have severe nocturnal hypoxemia and spend a significant percent
of total sleep time with oxygen saturation I:SPOZ:I below 290% and
80%. In fact, none of the patients with eucapnic OSA had a sus-
tained oxygen saturation below 80%. Therefore, the severity of
nocturnal hypoxemia is a useful tool for a sleap physician 1o sus-
pect OHS when interpreting the polysomnogram of a patient for
whom they have no other clinical background information. (Data
from Reference 41.)

a0 - O FEV,
b W FvVC
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OHS COFD e Kyphasis Filio MR

Fig. 6. Spirometric results from patients receiving chronic nonin-
vasive ventilation at home for hypoventilation (7 = 211). Lung
function is better preserved in obesity hypoventilation syndrome
(OHS), compared to other chronic diseases associated with hy-
percapnia. Data presented as mean and standard deviation. FVC =
forced vital capacity. TE = post-tuberculosis. Kyphosis = kypho-
scoliosis. NMD = neuromuscular disease. (Data from Refer-
ance 43.)
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Conditions Prevalence, %
II}lm'tﬂlsimlﬂ'le B1-T49
Heart failure!=17=5 21-32
Pulmonary hypertension aH-88

imean PAFP = 20 mm IIE;]“'JE'
dignificant pulmonary hypertension 31
(mean PAP 2= 40 mm IIE]“E'
Type 2 diabetes mellitnst a-32
Asthmat®t? 1524
Erythrocyt psig 11748 5-15

“'IIﬂ]mglu:uln'u: women, = 16 g.-'ﬂL: men, 18 E_';'HI...

Mokhlesi B, Tulaimat A Chest 2007;132:1322

-1336



PAP (CPAP or BiPAP)
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Stepanski EJ. J Clin Sleep Med 2005; 1:311
Masa JF, et al. Chest 2001; 119:1102 81107
Sugerman HJ, et al. Chest 1986; 90:81 86




Increase CPAP to eliminate obstructive
apneas. hypopneas. and flow limitation

O, saturation
persistently < 90924

b

Switch to bi-level PAP and increase
IPAP over the last CPAP pressure
until O, saturation = 90%%

Add oxygen if O, saturation
persistently << 9026 despite a
delta between IPAP and EPAP
of at least 8 to 10 cm H,O

Weight loss surgery or tracheostomy with or
without mechanical ventilation in patients that
fail positive airway pressure therapy

Mokhlesi B, Respir Care 2010;55(10):1347 -1362
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Bi-level PAP should be instituted if;

A the patient is intolerant of higher CPAP pressure ( 15 cm H20) that may be
required to resolve apneas and hypopneas

A if hypoxemia is persistent despite adequate resolution of obstructive respiratory
events during the titration study.

A Bi-level PAP should also be considered if the PaCO2 does not normalize after 3
months of therapy with CPAP

During bilevel PAP titration

A the inspiratory PAP (IPAP) should be at least 8 to 10 cm H2O above the
expiratory PAP (EPAP) in order to effectively increase ventilation.

A In the minority of patients with OHS who do not have OSA, EPAP can be set at 5
cm H20 and IPAP can be titrated to improve ventilation.
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A Adherence to PAP therapy, measured as average hours of daily use in the last 30 days, is
directly correlated with improvement in daytime arterial blood gas values

A Patients who used PAP therapy for 4.5 h/d had a considerably greater improvement in blood
gases than less adherent patients. In addition, the need for daytime oxygen therapy
decreased from 30% of patients to 6%.

A The impact of long-term NIV on vital capacity and lung volumes is contradictory.

Mokhlesi B et al J Clin Sleep Med 2006;2(1):57-62.
Han F et al Chest 2001;119(6):1814-1819
Heinemann F et al Respir Med 2007;101(6):1229-1235.




Inadequate adherence with PAP therapy

Inadequate PAP titration

Sleep-disordered breathing other than O5A (central
hypoventilation)

Unidentified respiratory disease (ie, COPD and interstitial hing
disease)

Unidentified hypothymidism or nenromuscular disease

Metabolic alkalosis (ie, due to high doses of loop diuretics)

Mokhlesi B, et al. J Clin Sleep Med 2006; 2:57
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Algorithm for approach to acute and chronic hypercapnic respiratory
failure in obesity hypoventilation syndrome (OHS).

|
OHE with Acute
Hypercapnic Chronic D,HS___—F-SEED' Apnea Study
Respiratory /
Failure _
Obstructive
y . Apneas \
Treat CHF, infections, / _
other disorders | fone Mo Obstructive
PaCO2<45” i hiuhics or Apneas
' _~"or pH>7.35 CPAP>20 |
NIV > |
(bilevel or EiPAP],f/ - \\ |
EPAP &, IPAP 10-15 AHI<E and AHI=E or
O2 for Sa02<88 Sa02>80% Sa02<80% for
L for =90% sleap =10% sleep
PaCO2Z=45 and pH<7.35 r'/ |
| *’ i J
/ Home
Increase EPAP CPAP . yes No " NIV
and IPAF for RR, V-, -\Y\‘Cﬂ'“ﬁ”‘"’#- beif]E'EE'tr}lr
Until pH>7.35 PacO2<4>  central hypoventlation,
or pr= axygen prn

Powers MA. Respir Care 2008;53(12):1723 61730.
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National Institutes of Health Consensus Development Panel.  Ann Int Med . 1991;115:956-961.
Buchwald H, et al. JAMA 2004;292:1724 -1737
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Buchwald H, et al. JAMA. 2004:292:1724-1737
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Greenburg DL et al. Am J Med. 2009
Jun;122(6):535-42.
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AHI UT aE EUa I WYA Ya Owail
Author Baseline AHI (95% Cl} Weight
Charuzi I 60.80 (50.65, 70.95) 9O.F7
Sugerman i - 64.00 (51.91, 76.09) B8.63
Pillar 40.00 (24.91, 55.09) 7.07
Scheuller ] > 96.00 (74.48, 119.32) 4.30
Guardiano * 55.00 (33.52, 76.48) 4.66
Rasheid —-— 56.00 (48.32, 63.68) 11.29
Valencia-Flores _"_é_ 51.70 (44._ 44, 58.98) 11.55
Dixon i 61.60 (49.10, 74.10) 8.40
Kaltra | 22 .20 (6.23, 38.17) 6.66
Haines _ i 51.00 (50.22, 51.78) 14.24
Fritscher i - 66.00 (47.08, 84.92) 5.49
Lettieri -— 47.80 (34.28, 61.32) 7.85
[Owverall | <t>‘ [54.69 (49.04, 60.34)| 100.00

Author Follow-up AHI (95%: CI1) Weight

Charuzi —_— I 8.00 (4.63, 11.37) 11.35
Sugerman i — 26.00 (17.94, 34.08) 7.12
Pillar : 24.00 (11.95, 36.05) 4.56
Scheuller = 11.30 (3.71, 18.89) 7.50
Guardiano i 14.00 (2.22, 25.78) 4.70
Rasheid I —.— 23.00 (18.86, 27.14) 10.67
Valencia-Flores —*—i— 13.40 (B.66, 18.14) 10.11
Dixon —-—— 13.40 (8.30, 18.50) o9.77
Kaltra —=— | 5.60 (0.37, 10.83) .64
Haines . 15.00 (14.61, 15.39) 12.97
Fritscher : 23.70 (9.95, 37.45) a3.82
Lettieri |- 24 50 (17.26, 31.74) 7.79
[Overall | <i> |15.78 (12.58, 18.97) | 100.00

T T
100
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Author [Baseline BMI 95°2: Cl) | Weight
.
Sugerman —5—'— 58.00 (53.97, 62.03) 8.81
Plllar —— 45.00 (41.23, 48.77) 9.31
Guardilano - i 49.00 (40.68, 57.32) 3.65
Rasheid i - 62.00 (80.23, 63.T7T) 13.55
:
Valencia-Flores - 56.70 (55.85, 57.55) 15.04
Dixon _"_é_ 52.70 (48.98, 56.42) .41
Kaltra J;—*— 58.30 (54.88, 61.72) 10.02
Haines ;" 56.00 (55.80, 56.20) 15.53
Fritscher 55.50 (49.78, 61.22) 6.12
Lettieri —-—i 51.00 (46.84, 55.16) 8.57
<}> | 55.28 (53.46. 57.09) | 100.00
Author | Follow-up BMI 952 Cl)| Weight
Sugermﬂ“ _i""_ 39.00 (3652, 41.48) 9.96
Pillar ——— a5.00 (21.86, 38.14) 7.86
Guardiano - i 34.00 (25.68, 42.32) 1.81
|
Rasheid P 40.00 (28.82, 41.18) 15.07
Valencla-Flores f*" B9.20 (38.61, 39.79) 16.08
Dixon —-r:— ar.2o (24.38, 40.02) a.81
|
Kaltra b —— 43,80 (20,90, 47.70) 6.05
Haines I* 38.00 (37.80, 38.20) 17.668
Fritscher —-—;— 2410 (29.51, 38.69) 4.@92
Lettierl —— 22.10 (20.00, 34.30) 10.082

Cwverall

e

| 37.74 (36.56, 38.92)| 100.00




Morgenthaler Tl, etal.  Sleep. 2006;29:1031 -1035.
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