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           Introduction 

 Obstructive sleep apnea (OSA) is prevalent in the general population, affecting 9 % 
of females and 24 % of males ages 30–60 years old [ 1 ]. When associated with day-
time sleepiness, OSA syndrome is reported to be present in 2 % of females and 4 % 
of males in the same age range [ 1 ]. While treatment has always focused on trying 
to improve patient’s symptoms, including daytime sleepiness and cognitive dys-
function, the recognition that OSA is an independent risk factor for a number of 
cardiovascular disorders has enhanced efforts to appropriately treat the disorder 
[ 2 – 5 ]. Treatment of OSA needs to be individualized, as there have been major prob-
lems with adherence and compliance with all forms of therapy that are presently 
used [ 6 – 10 ]. 

 An important factor that affects airway patency is the posture of the patient 
(supine vs. lateral) [ 11 – 13 ] and may explain the entity known as positional OSA, 
where all or the majority of sleep-disordered breathing events occur while sleeping 
in the supine position. Positional OSA has been reported to be present in up to 
50–60 % of all patients with diagnosed OSA [ 14 – 17 ]. As a result, positional ther-
apy, directed at keeping the patient from sleeping in the supine position, is recog-
nized as an important treatment option in selected patients with OSA [ 18 ]. In this 
chapter, we will discuss the defi nitions and pathophysiology behind positional OSA 
and focus on those studies that have compared positional therapy to continuous 
positive airway pressure (CPAP) therapy, which is considered by many as the 
 primary treatment for OSA.  
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    Defi nition of Positional OSA 

 While positional OSA is reported as being prevalent, many studies defi ned posi-
tional OSA as simply a 50 % reduction in the AHI when sleeping in the non-supine 
position [ 14 – 17 ]. As a result, many patients still had an elevated AHI while non- 
supine, often in the range of mild-to-moderate OSA. More recently, Mador et al. 
[ 19 ] used a defi nition of normalizing the AHI to <5 in addition to a 50 % reduction 
and reported an overall prevalence of 27 % of all patients having positional 
OSA. Based on severity, this included 50 % of patients with mild OSA and 19 % of 
those with moderate OSA having positional OSA. Only 7 % of patients with severe 
OSA met their criteria for positional OSA. However, as it is defi ned, many patients 
with OSA have a positional component that would allow effective positional ther-
apy to be considered as a primary or secondary therapy.  

    Pathophysiology for Positional OSA 

 Upper airway patency is normally maintained through a balance between anatomi-
cal and physiological forces that tend to collapse the airway and dilating forces that 
must be present in order to prevent collapse [ 11 ]. Major dilating forces include 
pharyngeal dilator muscle activation (including the genioglossus) and lung infl ation- 
induced caudal traction on the upper airway that stiffens it and reduces collapsibility 
[ 11 ]. The two primary forces that tend toward upper airway collapse are the nega-
tive intraluminal pressure generated by the diaphragm during inspiration and the 
extraluminal pressure from tissues and bony structures surrounding the airway [ 11 ]. 

 An important factor that has an effect on airway anatomy and size is the posture 
of the individual (supine vs. lateral), primarily due to the effects of gravity on air-
way tissues. When supine, the tongue and palatal structures move posteriorly due to 
gravity, and if this increase in tissue pressure is not offset by other dilating forces, 
upper airway collapse will occur [ 12 ,  13 ]. 

 A more specifi c measurement of the inherent structural collapsibility of the upper 
airway can be obtained by measuring the critical collapsing pressure (Pcrit), the nasal 
pressure at which the hypotonic or “passive” pharynx collapses and inspiratory fl ow 
is abolished [ 20 ]. In normal subjects, the Pcrit is lower (−6.5 ± 2.7 cm H 2 O) as com-
pared to snorers (−1.6 ± 1.4 cm H 2 O) and those patients with severe OSA (2.5 ± 1.5 cm 
H 2 O) [ 21 ]. Of signifi cance is the effect of body posture on Pcrit in patients with 
OSA. In the lateral position, Pcrit has been found to be dramatically lower, by 2.0–
2.9 cm H 2 O, than noted while patients are supine, denoting a stiffer less collapsible 
airway in the lateral position [ 22 – 24 ]. Values while in the lateral position were at or 
signifi cantly less than 0 cm H 2 O (range from 0.3 to 2.9 cm H 2 O) consistent with 
values seen in normal individuals or snorers [ 21 ]. These physiological changes noted 
in the upper airway based on positioning help explain the entity of positional OSA as 
well as why some patients can be effectively treated with just positional therapy.  
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    CPAP Compliance Issues 

 CPAP therapy has been demonstrated to be very effective at correcting sleep- 
disordered breathing [ 25 ] and improving cognitive function and daytime sleepiness 
[ 26 ,  27 ]. However, compliance with CPAP therapy has been poor [ 6 ,  28 ,  29 ]. In the 
seminal paper by Kribbs et al. [ 6 ], only 46 % of the patients prescribed with CPAP 
met the criteria that they defi ned as regular use, which was >4 h/night for 70 % of the 
nights monitored. More recently, similar fi ndings of poor compliance have been 
noted in studies that have compared in-lab vs. at-home sleep testing [ 30 ,  31 ]. Rosen 
et al. [ 30 ] noted no difference in compliance between in-lab (39 %) and at-home test-
ing (50 %) when evaluated at 3 months using a similar defi nition of compliance of 
>4 h/night for 70 % of the nights evaluated. Kuna et al. [ 31 ] reported that only 49 % 
and 52 % of in-lab- and at-home-tested VA patients, respectively, used CPAP for 
>4 h/night at the end of 3 months. The reasons for the poor compliance that is seen 
with CPAP therapy are numerable and include the mask being uncomfortable and 
burdensome, intolerance to the pressure, side effects such as nasal congestion, and 
complaints of claustrophobia [ 32 ]. In addition, socioeconomic factors also appear to 
play a role [ 33 ,  34 ]. However, how important each of these factors are in determining 
CPAP compliance still remains unclear [ 7 ,  8 ]. What is clear is that when patients are 
not compliant with CPAP therapy, their OSA will go untreated if other forms of 
therapy are not sorted out by the patient or physician. As a result, patients are symp-
tomatic and continue to have the cardiovascular risks associated with untreated OSA 
[ 2 – 5 ]. Therefore, it is important to consider effective alternative treatments in these 
patients, which may include positional therapy if they have positional OSA.  

    Types of Positional Devices 

 There have been a number of positional therapy devices that have been used over the 
years to try and maintain patients with positional OSA in the non-supine position 
during sleep. Probably, the oldest and most familiar of these devices is the simple 
tennis ball technique, where patients have a tennis ball sewn into the back of a 
T-shirt that they would wear at night [ 35 ]. Variants of the tennis ball technique have 
been used in a number of studies [ 9 ,  10 ] including those that have compared this 
technique to CPAP therapy in patients with positional OSA [ 36 ,  37 ]. Jokic et al. [ 36 ] 
compared CPAP to positional therapy using a backpack with a soft ball placed 
inside of it. The size of the ball in the backpack was 10 × 5.5 in., and it was made of 
semirigid synthetic foam. In another adaptation of the tennis ball technique, Skinner 
et al. [ 37 ] created the thoracic anti-supine band (TASB) (Fig.  1 ). The device consists 
of two cotton stockinette-covered pieces of foam rubber with Velcro attachments on 
each end. A polystyrene ball (8 or 10 cm in circumference) is inserted inside at the 
level of the sixth thoracic vertebra. The two short ends are draped over the shoulders 
and fastened with Velcro over the two long ends. In the only other study that has 
compared positional therapy to CPAP therapy in patients with positional OSA, 
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Permut et al. [ 38 ] utilized the Zzoma Positional Device, which is 12 × 5.5 × 4 in. in 
size and made of lightweight semirigid synthetic foam (Fig.  2 ). It is contained in a 
backpack-type material with an associated Velcro elastic belt. The Zzoma Positional 
Device is worn on the back, with the elastic belts brought around each side of the 
patient and secured anteriorly (Fig.  2 ). The device, with its particular size and 
wedge-shaped design on both sides, keeps the patient positioned on their side and 
prevents him/her from assuming the supine position.

        Comparison of Positional Therapy to CPAP Therapy 

 As of this point in time, there have only been three prospective studies that have 
compared positional therapy to CPAP therapy in patients with positional OSA 
(Table  1 ) [ 36 – 38 ]. Jokic et al. [ 36 ] in a randomized crossover study of 13 patients 

  Fig. 1    Thoracic anti-supine band (TASB) (from [ 37 ], with permission)       

  Fig. 2    Zzoma Positional Device (from [ 38 ], with permission)       
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with mild-to-moderate OSA (AHI 17 ± 8 events/h) compared positional therapy 
using their soft ball in a backpack device to CPAP therapy after 2 weeks of using 
each treatment modality. Positional OSA was defi ned as an AHI during supine sleep 
that was two or more times the AHI during sleep in the lateral position. In addition, 
the AHI in the lateral position had to be <15 event/h, during a minimum duration of 
1 h of sleep in the lateral position and the inclusion of at least 1 rapid eye movement 
(REM) period. In a cross-over designed study, Skinner et al. [ 37 ] compared their 
TASB to CPAP therapy in 22 patients with mild to moderately severe positional 
OSA (AHI 22.7 ± 12 events/h) after utilizing each treatment modality for 1 month. 
Positional OSA was defi ned as an AHI in the supine position that was greater or 
equal to twice the AHI in other positions. Permut et al. [ 38 ] compared the Zzoma 
Positional Device to CPAP therapy in a crossover designed study after 1 night of use 
in 38 patients with mild-to-moderate positional OSA (AHI of 13 ± 5 events/h). 
Positional OSA was defi ned on the baseline study as an overall apnea–hypopnea 
index (AHI) of ≥5 events/h with symptoms of excessive daytime sleepiness or an 
AHI of ≥15 events/h, with a 50 % decrease in the AHI in the non-supine position as 
compared to the supine position. Additionally, the AHI had to fall to <5 events/h in 
the non-supine position, and the patient must have slept in the lateral position for a 
minimum of 1 h during the baseline study.

      Sleep-Disordered Breathing 

 Many would consider the AHI as the most important parameter to be evaluated in 
regard to assessing the effectiveness of treatment in patient with OSA. That is also 
the case in regard to studies that have assessed patients with known positional OSA, 
including those that have compared positional therapy to CPAP therapy. Jokic et al. 
[ 36 ] noted that although 2 weeks of treatment with both their positional device and 

   Table 1    Comparison of positional therapy to CPAP therapy   

 Study   N  
 Length 
of study 

 Baseline 
AHI 
(events/h)  Effects on AHI 

 Effects on 
nocturnal 
oxygenation 

 Effects on 
sleep quality 

 Jokic 
et al. [ 36 ] 

 13  2 weeks  18 ± 5  CPAP and PD 
decreased 
AHI—but lower 
with CPAP 

 Lowest SaO 2  
lower with PD 

 No difference 
in SE and TST 

 Skinner 
et al. [ 37 ] 

 22  1 month  23 ± 12  72 % with PD and 
89 % with CPAP 
had an AHI < 10 
events/h 

 Both PD and 
CPAP increased 
the mean SaO 2  

 No difference 
in SE and TST 

 Permut 
et al. [ 38 ] 

 38  1 night  13 ± 5  92 % with PD and 
97 % with CPAP 
normalized AHI 
to <5 events/h 

 No change in 
mean SaO 2  with 
PD and increase 
with CPAP 

 No difference 
in SE but TST 
lower with 
CPAP 

   AHI  apnea–hypopnea index,  PD  positional device,  SE  sleep effi ciency,  TST  total sleep time  
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CPAP decreased the AHI (from 18 to 10 and 3 events/h, respectively), the decrease 
with CPAP was statistically more signifi cant and was associated with a normaliza-
tion of the AHI (<5 events/h). Only 3 of the 13 patients (23 %) slept supine during 
their study night. Compliance as it relates to use of the positional device and CPAP 
was not assessed during the study. Skinner et al. [ 37 ] noted that both the TASB and 
CPAP decreased the AHI, from 23 to 12 and 5 events/h, respectively, with a signifi -
cant difference noted between the two forms of therapy. Using a defi nition of suc-
cessful treatment as an AHI of <10 events/h, treatment success was noted in 13/18 
subjects using the TASB and 16/18 subjects using CPAP therapy. Supine sleep was 
signifi cantly decreased but not completely eliminated with the TASB, with 6 % of 
the total sleep time spent in the supine position. Adherence with the TASB was based 
on a self-recorded diary, with a signifi cantly higher adherence rate reported for 
TASB as compared to CPAP therapy. Permut et al. [ 38 ] noted that when compared 
to baseline, both the Zzoma Positional Device and CPAP therapy (mean 10 ± 3 cm 
H2O) signifi cantly decreased the AHI, from 11 (9–15, 6–26) events/h to 2 (1–4, 0–8) 
and 0 (0–2, 0–7) events/h, respectively ( p  < 0.001), with a difference between the two 
treatments ( p  < 0.001). In addition, the Zzoma Positional Device was equivalent to 
CPAP (92 % vs. 97 %, respectively [ p  = 0.16]) at normalizing the AHI. The Zzoma 
Positional Device eliminated supine sleep in 37 of the 38 patients, with only a mean 
of 1 ± 4 % of total sleep time spent supine. However, the study was only an acute 
single night intervention, and more long-term results are being examined.  

    Nocturnal Oxygenation 

 Jokic et al. [ 36 ] noted no difference in mean SaO 2  between their positional device 
and CPAP therapy. However, the lowest SaO 2  during the night was lower with posi-
tional therapy as compared to CPAP. Skinner et al. [ 37 ] noted a clinically insignifi -
cant difference in mean SaO 2  during the night between CPAP and the TASB. In 
comparison, Permut et al. [ 38 ] noted the mean SaO 2  during the night was unchanged 
compared to baseline with the use of the Zzoma Positional Device, but was increased 
with CPAP therapy. In addition, there was an increase in the lowest SaO 2  during the 
night with both the Zzoma Positional Device and CPAP therapy, with no difference 
between the two treatment modalities. The percent of total sleep time with a 
SaO 2  < 90 % was signifi cantly decreased compared to baseline with the Zzoma 
Positional Device and CPAP therapy.  

    Sleep Quality 

 Jokic et al. [ 36 ] demonstrated no difference in sleep quality between their positional 
device and CPAP therapy, as measured by total sleep time and sleep effi ciency. In 
addition, the arousal index and sleep architecture were not different between the two 
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treatment modalities. Similar results were noted by Skinner et al. [ 37 ] when com-
paring the TASB to CPAP therapy, with no change in the total sleep time with either 
form of therapy as compared to baseline. In comparison, Permut el al. [ 38 ] noted 
that when compared to baseline, total sleep time did not change with the Zzoma 
Positional Device, but decreased with CPAP therapy. There was no change in sleep 
effi ciency noted with either treatment, nor was there any change in the spontaneous 
arousal index. The sleep architecture, expressed as a percentage of total sleep time, 
including stage N3 and REM sleep, was not different as compared to baseline for 
either the Zzoma Positional Device or CPAP therapy.  

    Other Parameters 

 In regard to daytime sleepiness, Jokic et al. [ 36 ] noted a decrease in the Epworth 
Sleepiness Scale (ESS) after 2 weeks of therapy with both their positional device 
and CPAP therapy, but with no difference between the treatment modalities. In addi-
tion, similar sleep onset latencies were seen with both treatments as measured on 
maintenance of wakefulness (MWT) tests. Skinner et al. [ 37 ] noted a nonsignifi cant 
decrease in ESS with both their TASB and CPAP therapy at the end of 1 month. 

 Cognitive performance and quality of life changes have also been compared 
between positional therapy and CPAP therapy. Jokic et al. [ 36 ] found no difference 
in regard to these parameters between the two forms of therapy, and patient prefer-
ence favored CPAP therapy in this study. Skinner et al. [ 37 ] noted no signifi cant 
difference in any of the quality of life measures that they assessed when the results 
of their TASB and CPAP therapy were compared. Permut et al. [ 38 ] noted that 50 % 
of their patients preferred the Zzoma Positional Device, 34 % preferred CPAP ther-
apy, and 16 % had no preference.   

    Future Research 

 While CPAP compliance has been objectively evaluated in a number of studies [ 6 , 
 30 ,  31 ], there are few studies that have evaluated positional therapy adherence and 
compliance, with most involving self-reported use or mailed questionnaires [ 9 ,  10 , 
 37 ]. While some of these studies have suggested poor long-term use of positional 
therapy [ 9 ,  10 ], a more recent prospective study has reported a 3-month compliance 
rate of 74 % using actigraphy [ 39 ]. While this study suggests possible compliance 
rates that are better than those reported for CPAP therapy, it was uncontrolled. 
Similar types of studies need to be performed when positional therapy is directly 
compared to CPAP therapy using methods that allow objective assessment of use. 

 In addition to compliance, measurement of continued effectiveness should be 
better evaluated with the use of positional therapy. While some studies have repeated 
polysomnograms after 1–3 months of using a positional device to demonstrate the 
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device retains its ability to decrease or eliminate supine sleep, studies evaluating 
continuous nightly effectiveness have not been performed. 

 Finally, while CPAP therapy has been shown to decrease parameters associated 
with cardiovascular risk in patients with OSA, the effects of positional therapy on 
cardiovascular risk are presently unknown [ 40 – 44 ]. CPAP has been demonstrated to 
decrease endothelial dysfunction as measured by fl ow-mediated dilation and carotid 
intima–media thickness measurements [ 40 – 42 ]. In addition, CPAP therapy has been 
shown to decrease systemic infl ammation as measured using biomarkers such as 
C-reactive protein [ 43 ,  44 ]. At the present time, it is not known whether positional 
therapy has a similar effect at decreasing cardiovascular risk.  

    Summary 

 A large percentage of patients with diagnosed OSA have positional OSA. While 
CPAP therapy is the most common form of therapy, compliance is poor, and other 
forms of therapy may be appropriate in these patients, including the use of effective 
positional therapy. Initial studies that directly compared positional therapy to CPAP 
therapy suggest that positional therapy can be considered as a primary therapy in 
patients with positional OSA. However, more long-term studies that use objective 
measurements of compliance and effectiveness should be performed. Whether posi-
tional therapy has the same benefi cial effects on cardiovascular risk as seen with 
CPAP therapy awaits further study.     
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