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BRIEF SUMMARY
Current Knowledge/Study Rationale: Right-to-left shunt (RLS) oc-
curs more frequently in patients with sleep apnea, and may be involved 
in the pathophysiology of sleep apnea. In this observational study, we 
determined the prevalence of RLS among patients with sleep apnea 
and compared clinical characteristics and the results of sleep studies of 
patients with and without RLS.
Study Impact: Patients with OSA and RLS have hypoxemia out of pro-
portion to the observed respiratory disturbance, highlighting the likely 
role of RLS in the resultant nocturnal desaturation. Such observational 
studies support the hypothesis that the presence of a RLS from a PFO 
may exacerbate sleep apnea symptoms

Objectives: To assess the presence of right-to-left shunting 
(RLS) in patients with obstructive sleep apnea (OSA), and 
compare clinical characteristics and parameters of the sleep 
studies of patients with and without RLS.
Background: The most common cause of RLS is due to 
intermittent fl ow through a patent foramen ovale (PFO). PFO 
occurs more frequently in patients with OSA and may be 
involved in the exacerbation of OSA.
Methods: Patients with an abnormal polysomnogram seen 
at UCLA-Santa Monica Sleep Medicine Clinic were enrolled. 
A diagnosis of RLS was made using a transcranial Doppler 
(TCD) bubble study. Gender and age-matched controls were 
drawn from patients referred for cardiac catheterization who 
underwent a TCD. The frequency of RLS in OSA patients 
and the controls was evaluated. Clinical characteristics and 
polysomnogram parameters were compared between OSA 
patients with and without a RLS.
Results: A total of 100 OSA patients and 200 controls 
participated in the study. The prevalence of RLS was higher in 
patients with OSA compared to the control group (42% versus 
19%; p < 0.0001). Patients with OSA and a RLS had a lower 
apnea-hypopnea index (AHI), less obstructive apnea, and 

fewer hypopnea episodes than patients with OSA without a 
RLS. The baseline and nadir SpO2 were similar in both groups 
and did not correlate with the level of RLS assessed by TCD. 
The degree of desaturation for a given respiratory disturbance, 
as measured by oxygen desaturation index (ODI)/AHI ratio, 
was higher in OSA patients with RLS versus OSA patients 
without RLS (0.85 ± 0.07 versus 0.68 ± 0.04; p < 0.0001).
Conclusion: RLS, most commonly due to a PFO, occurs 2.2 
times more frequently in OSA patients compared to a control 
population that was matched for age and gender. The severity 
of sleep apnea is not greater in OSA patients who have a 
PFO. However, patients with OSA and a PFO are more likely 
to become symptomatic at a younger age with an equivalent 
decrease in nocturnal SpO2, and have greater arterial 
desaturation in proportion to the frequency of respiratory 
disturbances.
Keywords: sleep apnea, patent foramen ovale, right-to-left 
shunt
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Obstructive sleep apnea (OSA) is an important clinical dis-
order that is associated with hypertension, obesity, diabe-

tes, and decreased neurocognitive performance that may lead 
to an increase in all-cause and cardiovascular mortality.1,2 OSA 
is present in 9% of women and 24% of men and will likely 
increase as the population becomes more obese.3,4 Patent fora-
men ovale (PFO) occurs in 20% to 25% of the general popu-
lation5–7; however, recent studies indicate that PFO is present 
in up to 65% of patients with sleep apnea.8,9 This higher than 
expected frequency of PFO with right-to-left shunting (RLS) 
of deoxygenated blood through the atrium suggests that sleep 
apnea patients with PFO may be more symptomatic or that the 
arterial desaturation associated with RLS may play a role in 
the development of sleep apnea.

The aim of this study was to determine the prevalence of 
RLS among patients with sleep apnea and to compare clinical 
characteristics and the results of sleep studies of patients with 
and without RLS to add to the observational database of this 
intriguing association.
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SCIENTIFIC INVESTIGATIONS

METHODS

The study cohort consisted of 100 people diagnosed with 
sleep apnea from the UCLA-Santa Monica Sleep Medicine 
Clinic who, by defi nition, had an abnormal polysomnogra-
phy study. These symptomatic patients presented to the sleep 
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medicine clinic with complaints that usually included: ex-
cessive daytime sleepiness and fatigue, waking unrefreshed 
after sleep, headaches, as well as self-reported complaints 
with memory and concentration. Further observations by a 
partner or roommate included episodes of breathing cessa-
tion, loud snoring, restless tossing and turning during sleep, 
and nighttime spells of choking or gasping for breath. Sub-
jects completed questionnaires to evaluate subjective daytime 
sleepiness based on the Epworth Sleepiness Scale (ESS).10 ESS 
scores ranged from 0 (no daytime sleepiness) to 24 (maximum 
daytime sleepiness).

A polysomnography study (Polysmith 03, Nikon Kohden, 
Irvine, CA) was performed to confirm the clinical diagnosis 
before the patient was enrolled in the study. Variables includ-
ing electroencephalography, electrooculography, submental 
and diaphragmatic electromyography, chest wall and abdom-
inal movement, nasal airflow, body position, and SpO2 were 
recorded. Apnea was defined as complete cessation of airflow 
for ≥ 10 seconds. Hypopnea was defined as a reduction in 
amplitude of airflow > 50% from the baseline measurement 
for > 10 sec with an accompanying oxygen desaturation ≥ 3% 
from baseline, or associated with arousal. Apnea-hypopnea 
index (AHI) was defined by the number of apnea and hypop-
nea events per hour of sleep.11 These events were considered 
obstructive if they occurred in association with continued 
diaphragm electromyography activity and thoraco-abdominal 
wall movement. Oxygen desaturation index (ODI) was defined 
as the number of episodes with a reduction in saturation ≥ 4% 
from baseline for ≥ 10 sec/h of sleep.12 The ODI/AHI ratio was 
also calculated as a marker for the amount of desaturation for a 
given degree of respiratory disturbance.12,13 Sleep staging was 
scored using conventional criteria.14 Individual obstructive 
respiratory events were extracted from the polysomnography 
software program and the following parameters were analyzed 
for each obstructive breathing event: sleep state (REM sleep 
or NREM sleep), event type (apnea or hypopnea), body posi-
tion (supine or non-supine), event duration, and ΔSpO2 (SpO2 
at start of event minus SpO2 at end of event).

This observational study included sleep apnea patients, from 
January 2011 to September 2013, who agreed to be screened for 
a RLS using a transcranial Doppler (TCD) bubble study with 
a power M-mode Terumo 150 PMD machine (Spencer Tech-
nologies, Seattle, Washington). TCD has been demonstrated 
to have high sensitivity and specificity for detection of right-
to-left shunting when compared to contrast transesophageal 
echocardiography and is superior to transthoracic echocar-
diography.15–22 Transthoracic echocardiography (TTE) with 
agitated saline has decreased sensitivity of detecting an intra-
cardiac shunt in OSA patients with elevated BMI and large 
body habitus secondary to limited acoustic windows.13,21 Using 
passage of a guide wire across the atrial septum during cardiac 
catheterization with intracardiac echocardiography guidance 
as the standard for diagnosing a PFO, TCD has a 98% sensitiv-
ity for making the diagnosis of PFO.20,23,24

For contrast, a mixture of saline, blood, and air was used, 
which is reported to be more effective than agitated saline 
alone.15 A mixture of 8 cc normal saline combined with 0.5 
cc of air and 1 cc of blood was agitated between 2 syringes 
connected by a 3-way stopcock and injected into the brachial 

vein; embolic tracks were then counted over the middle cere-
bral arteries. The degree of RLS was evaluated by TCD at rest 
and with the Valsalva maneuver at 40 mm Hg, aided by visual 
feedback with a manometer device.23 The Spencer logarithmic 
scale was used to grade the results where grade 3 and higher 
(≥ 31 embolic tracks/60 sec) was considered to be positive for a 
significant shunt.24 The demographics of the study population 
and controls as well as the polysomnography parameters were 
recorded. OSA patients were grouped according to the results 
of the TCD study into subjects with or without a RLS, and 
their clinical parameters and results of the polysomnograms 
were compared.

Control Population
The control population consisted of 200 patients (56% men) 

who were referred to the cardiac catheterization lab for diag-
nostic catheterization that was unrelated to the presence of a 
PFO. Our control subjects constituted a population of conve-
nience since they already had IV lines in place and were in 
the hospital for their heart catheterization. This control group 
served only to determine the prevalence of PFO in the general 
population. Polysomnography was not performed on the con-
trol subjects and no other comparison with the OSA subjects 
was performed. Patients with cardiac transplants were excluded 
from the control group because the donor heart may have had 
its PFO closed at the time of surgery. The patients were asked 
to undergo a TCD either before or after their catheterization 
procedure while they were waiting in the recovery area. They 
signed the IRB approved informed consent. The control group 
was matched for age and gender. The demographics of the con-
trol group are shown in Table 1. A history of sleep apnea by 
chart review was present in 5.5% of the control group, which is 
the expected prevalence in the general population.

Statistical Analysis
The frequency of RLS between patients with OSA and the 

control group was evaluated. The presence of a statistically sig-
nificant association between the occurrence of RLS and clini-
cal parameters (i.e., age, body mass index, neck circumference, 
apnea-hypopnea index [AHI], history of cigarette smoking, 
baseline SpO2 while awake, nadir of SpO2 during sleep, and 
sleep time percentage) were also investigated.

Continuous variables are expressed as mean values ± stan-
dard deviation. Dichotomous variables are expressed as fre-
quency percentage. SPSS version 22.0 statistical software was 
used for a two-tailed t-test comparison between the study 
group and control population; a p value ≤ 0.05 was considered 
statistically significant. The ODI/AHI in patients with OSA 
and PFO was compared using ANOVA. Spearman rank cor-
relation was used to evaluate the association between ODI/AHI 
ratio and TCD grade.

RESULTS

From January 2011 to September 2013, 100 sleep apnea sub-
jects were enrolled in the study with the majority diagnosed with 
OSA (92%), and 8% diagnosed with mixed central sleep apnea 
and OSA. Of these subjects, 72% were using CPAP or bilevel pos-
itive airway pressure (BPAP). The mean age of the participants 
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was 55.1 ± 13.4 years, and 56% were male. Table 1 demonstrates 
the general characteristics of the study group and the control 
population. Of 100 patients in the study group, 42 had evidence 
of RLS on TCD, which was 2.2 times higher than the prevalence 
of RLS in the control group (42% versus 19%, p < 0.0001).

The Epworth Sleepiness Scale (ESS) was utilized to evaluate 
subjective symptoms of the OSA patients. The ESS scores were 
8.9 ± 2.7 (range 3 to 18) and 8.1 ± 3.9 (range 3 to 24) in the OSA 
patients with and without RLS respectively, demonstrating no 
significant difference (p = 0.86). Table 2 presents the baseline 
clinical characteristics and Table 3 describes polysomnogra-
phy parameters in sleep apnea patients with RLS compared to 
those without RLS. Patients with RLS were younger (mean age 
51.1 ± 11.7 versus 58.1 ± 14.0 years, p = 0.01) and had a lower 
prevalence of hypertension. There was no significant differ-
ence in the BMI of patients with and without a RLS (p = 0.28). 
When assessing the severity of sleep apnea, those with RLS had 
a lower AHI and less obstructive apnea and hypopnea episodes 
(p = 0.028, p < 0.0001, and p = 0.008, respectively), although 
the baseline oxygen saturation and nadir of O2 between the two 
groups were similar. OSA patients with RLS had a lower ODI 
(p = 0.02); however, the ODI/AHI ratio was significantly higher 
when compared to the group without RLS (p < 0.0001). In the 
group of patients with sleep apnea and RLS, the magnitude of 
shunting on TCD (Spencer grade 3 versus Spencer grade 4 and 
5) did not correlate with the nadir SaO2 (p = 0.46). The TCD 
Spencer grade correlated with the ODI/AHI ratio (rs = 0.523, 
p < 0.0001, Figure 1) demonstrating a higher ODI/AHI ratio 
with increased magnitude of RLS.

DISCUSSION

This large population of OSA subjects was studied to eluci-
date a possible association between OSA and RLS, most com-
monly due to a PFO. This study investigated the prevalence of 
RLS in patients diagnosed with OSA by means of a contrast 

TCD at rest and with Valsalva maneuver. A RLS was present in 
42% of the patients with sleep apnea versus 19% of the control 
group, p < 0.0001.

Right to left flow of blood through a PFO occurs inter-
mittently after straining, such as with the Valsalva maneu-
ver, and during everyday events like coughing, exercise, or 
heavy lifting. RLS has also been observed using TCD in pa-
tients with OSA during episodes of nocturnal apnea.8,25 Hy-
poxemia increases pulmonary vasoconstriction leading to 
pulmonary hypertension.26 Even without RLS, episodes of 
apnea induce hypoxemia, which can result in an increase in 

Table 1—Clinical descriptors of the study group and controls.
Study Group Controls p value

Total number 100 (100%) 200 (100%) –
Age, mean ± SD 55 ± 13 55 ± 15 1.0
Male 56 (56%) 112 (56%) 1.0
HTN 46 (46%) 75 (37.5%) 0.18
Hyperlipidemia 39 (39%) 81 (40.5%) 0.90
Sleep apnea 100 (100%) 11 (5.5%) < 0.0001
Smoking 19 (19%) 21 (10.5%) 0.048
DM 18 (18%) 27 (13.5%) 0.31
Hypercoagulability 3 (3%) 9 (4.5%) 0.76
RLS 42 (42%) 38 (19%) < 0.0001
BMI, mean ± SD 27.1 ± 11.4 26.6 ± 4.2 0.96
History of CAD 19 (19%) 60 (30%) 0.05
History of CVA 9 (9%) 28 (14%) 0.26

Values are expressed as n (%) except as noted. Hypercoagulability states include: use of oral contraceptive pills/hormone replacement therapy, pregnancy, 
factor V Leiden, prothrombin G20210A mutation, antiphospholipid antibodies, homocysteinemia, protein S deficiency, protein C deficiency, elevated 
lipoprotein A, antithrombin III deficiency, anticardiolipin AB, factor VIII activity, B2-glycoprotein-1 AB and thrombocytosis. HTN,  hypertension; DM,  diabetes 
mellitus; RLS,  right-to-left shunting of blood; CVA,  cerebrovascular accident; CAD,  coronary artery disease.

Figure 1—Comparison of ODI/AHI in patients with OSA 
and PFO stratified by Spencer Grade; box plot graph.

Spencer grade is used to assess degree of shunting. Increase in grade 
correlates with more severe shunting. This illustration depicts that more 
severe shunting correlated with higher ODI/AHI ratio. AHI, apnea-
hypopnea index; ODI, oxygen desaturation index.



1302Journal of Clinical Sleep Medicine, Vol. 11, No. 11, 2015

MK Mojadidi, PI Bokhoor, R Gevorgyan et al.

pulmonary arteriolar resistance causing transient elevation in 
pulmonary pressures. In the presence of a PFO, the increase 
in right-sided pressure may exaggerate any underlying RLS 
and exacerbate hypoxemia. This feedback loop increases the 
likelihood of right-to-left shunting across a PFO with pro-
gressive hypoxemia ultimately leading to arousal. It has been 
demonstrated that treatment with continuous positive airway 
pressure (CPAP) can reverse shunting in these patients.27 It is 
hypothesized that patients with OSA who have a PFO with 
RLS are more likely to become symptomatic earlier due to 
more prominent oxygen desaturation at a similar level of sleep 

apnea dysfunction compared with a person with OSA who 
does not have a RLS.

This study revealed a 2.2 fold higher frequency of RLS in pa-
tients with sleep apnea compared with a control group, which 
is consistent with previous reports.9,25,28 In contrast, using both 
contrast TCD and transthoracic echocardiography, Shaikh et 
al. reported no significant difference in the prevalence of PFO 
in 100 OSA patients compared to 50 controls matched for age 
and gender.13 They reported a PFO prevalence of 43% in the 
OSA patients compared to 30% in the control subjects, which 
did not reach statistical significance (p = 0.16). Their data are 

Table 2—Comparison of baseline characteristics in sleep apnea patients with vs. without RLS.

Variables
Sleep Apnea with RLS

n = 42
Sleep Apnea without RLS

n = 58 p value
Age 51.1 ± 11.7 58.1 ± 14.0 0.01
Male, n (%) 21 (50%) 35 (60.3%) 0.32
BMI (kg/m2) 24.7 ± 1 2.8 27.5 ± 12.8 0.28
Neck circumference (cm) 38.6 ± 3.9 40.7 ± 5.7 0.3
TCD at rest (Spencer grade) 2.7 ± 1.6 1 ± 0.2 < 0.0001
TCD on Valsalva (Spencer grade) 4.2 ± 0.8 2 ± 0.4 < 0.0001
ESS Score 8.9 ± 2.7

(Range: 3 to 18)
8.1 ± 3.9

(Range: 3 to 24)
0.86

HTN, n (%) 13 (40%) 33 (56.9%) 0.01
Hyperlipidemia, n (%) 13 (40%) 26 (44.8%) 0.21
DM, n (%) 4 (9.5%) 14 (24.1%) 0.07
Hypercoagulable state, n (%) 1 (2.3%) 2 (3.5%) 1.0
Smoking, n (%) 10 (23.8%) 9 (1.5%) 0.31
Asthma, n (%) 2 (4.8%) 5 (8.6%) 0.70

Values are expressed as mean ± standard deviation except as noted. Hypercoagulability states include: use of oral contraceptive pills/hormone 
replacement therapy, pregnancy, factor V Leiden, prothrombin G20210A mutation, antiphospholipid antibodies, homocysteinemia, protein S deficiency, 
protein C deficiency, elevated lipoprotein A, antithrombin III deficiency, anticardiolipin AB, factor VIII activity, B2-glycoprotein-1 AB and thrombocytosis. 
HTN, hypertension; DM, diabetes mellitus; RLS, right-to-left shunting of blood; TCD, transcranial Doppler; BMI, body mass index; ESS, Epworth Sleepiness 
Scale.

Table 3—Comparison of clinical polysomnography parameters in sleep apnea patients with vs. without RLS.

Variables
Sleep Apnea with RLS

n = 42
Sleep Apnea without RLS

n = 58 p value
Baseline O2 saturation (%, range) 94.5–96.8 94.1–96.5 0.15
Nadir O2 saturation (%) 86.2 ± 4.0 84.9 ± 7.2 0.29
Obstructive apneas (per hour) 3.5 ± 1.5 15.7 ± 7.0 < 0.0001
Hypopneas (total) 36.3 ± 21.3 54.6 ± 39.6 0.008
Central apneas (total) 0 0.67 ± 1.2 N/A
Mixed apneas (total) 1.38 ± 0.39 0 N/A
AHI events/h 16.4 ± 20.7 28.0 ± 28.6 0.028
Arousal Index (per hour) 34.5 ± 22.4 36.6 ± 27.10 0.68
ODI events/h 14 ± 1.7 19 ± 1.3 0.02
ODI/AHI 0.85 ± 0.07 0.68 ± 0.04 < 0.0001
Time in bed (min) 428.3 ± 34.3 430.8 ± 46.6 0.77
Time asleep (min) 318.9 ± 47.0 328.3 ± 62.0 0.41
Stage 1 (min) 64.6 ± 23.6 52.98 ± 28.3 0.03
Stage 2 (min) 203.7 ± 36.3 212.83 ± 60.0 0.38
Stage3 (min) 10.7 ± 11.6 9.02 ± 14.4 0.53

Values are expressed as mean ± standard deviation except as noted. AHI, apnea-hypopnea index; ODI, oxygen desaturation index; RLS, right-to-left 
shunting of blood.
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limited by a small control group with possible confounders re-
sulting in a higher PFO frequency in the control group than the 
expected 20% to 25% reported prevalence in the general popu-
lation.5–7 Additionally, the study only included patients with se-
vere OSA. They did observe a significantly higher prevalence 
of PFO with large shunts in their OSA group versus controls. 
In our control group of 200 subjects, a history of sleep apnea 
was present in 5.5% and RLS was discovered in 19%, both of 
which are within the expected prevalence in the general popu-
lation. Of the 11 control patients with OSA, 4 (36%) had a PFO. 
The study and control groups were well matched for age, gen-
der, and other clinical risk factors.

There were several unexpected differences in the group 
of sleep apnea patients with or without RLS. The sleep apnea 
group with RLS was significantly younger, with a trend towards 
a lower BMI, lower neck circumference, and lower cardiovascu-
lar risk factors than those without RLS. The AHI and obstruc-
tive apneas were lower in the sleep apnea with RLS subgroup 
(p = 0.028 and p = 0.001, respectively). However, this group still 
had recorded low oxygen saturations (86% ± 4.0%), and they 
were just as symptomatic based on their ESS scores, which is 
consistent with findings by Shaikh et al.13 These observations 
describe a subgroup of patients with sleep apnea and RLS with-
out the high frequency of expected risk factors (high BMI, large 
neck circumference, or high rate of obstructive apneas) who 
still have hypoxemia and significant frequency of arousals. This 
suggests that the RLS contributes to producing hypoxemia and 
symptoms at a lower level of obstruction to airflow resulting in 
presentation at a younger age. RLS may contribute to the hypox-
emia independent of the apnea and hypopnea episodes.

To objectively discriminate between desaturation caused by 
shunting of blood versus hypopnea-apnea induced alveolar hy-
poventilation, Johansson et al. utilized the ODI/AHI ratio as a 
marker of the amount of desaturation for a given level of respi-
ratory disturbance. Right to left shunting of blood can cause 
a reduction in arterial oxygen saturation and an increase in 
the ODI/AHI ratio. Their study revealed that the group of OSA 
patients with a high ODI/AHI ratio (≥ 0.66) had a significantly 
higher PFO prevalence of 60% compared to 13% in OSA pa-
tients with a low ODI/AHI ratio.12 Shaikh and colleagues also 
demonstrated lower AHI and higher ODI/AHI ratio (p = 0.004) 
in OSA patients with clinically significant shunts.13 Our study 
corroborates these results with a significantly higher ODI/AHI 
ratio in OSA patients with RLS versus OSA patients without 
RLS (0.85 ± 0.07 versus 0.68 ± 0.04, respectively; p < 0.0001). 
Despite the similarity of symptoms by the ESS score, the ODI/
AHI difference suggests that there is more hypoxemia for a 
given level of hypopnea in those subjects with a RLS. Addi-
tionally, the TCD Spencer grade correlated with the ODI/AHI 
ratio (rs = 0.52, p < 0.0001) demonstrating a higher ODI/AHI 
ratio with increased magnitude of RLS. Concordant with prior 
studies, this depicts a level of hypoxemia out of proportion to 
the observed respiratory disturbance highlighting the likely 
role of RLS in the resultant nocturnal desaturation.

There are several case reports which describe that PFO clo-
sure in patients with sleep apnea may lead to improvement 
of symptoms including higher oxygen saturation levels and 
improvement of daytime fatigue.29–31 In addition, sleep poly-
somnographic data suggest that there are fewer episodes of 

hypopnea and apnea after PFO closure.30,31 Recently, Rimoldi 
et al. investigated 40 patients with new OSA, 14 of which (35%) 
had a PFO. OSA patients with a PFO underwent closure in this 
nonrandomized observational study. Patients who underwent 
PFO closure demonstrated a significant improvement in ODI/
AHI, nocturnal systolic blood pressure, right-ventricular to 
right-atrial systolic blood pressure gradient and left ventricu-
lar diastolic function.32 However, Shaikh et al. did not demon-
strate any significant improvement in objective or qualitative 
parameters in the subgroup of 6 patients with large shunts who 
underwent percutaneous PFO closure.13 However, 3 of the 6 
patients who underwent PFO closure had residual shunts at 12 
months. Their reported residual shunting is significantly higher 
than what is reported in the literature and may be secondary to 
the utilization of the BioSTAR (NMT Medical Inc.) PFO clo-
sure device which has been associated with increased residual 
shunting after PFO closure and is no longer manufactured.33,34 
More cases of PFO closure in OSA patients would need to be 
studied to better evaluate this intriguing association.

The observation of a higher than expected frequency of RLS 
in patients with OSA does not prove a cause-and-effect rela-
tionship. Only a randomized prospective trial of PFO closure 
compared with non-closure in OSA patients who have a PFO 
could confirm that PFO is causally related to OSA severity. 
However, observational studies are useful to support the hy-
pothesis that the presence of a RLS from a PFO exacerbates 
sleep apnea symptoms. OSA remains a significant health con-
cern with increased morbidity and is difficult to treat. Even 
though CPAP provides an effective means of improving OSA 
symptoms, it requires consistent, long-term commitment by 
patients and is often plagued by noncompliance. Further stud-
ies that compare OSA patients with and without a RLS are 
needed to help determine if improvement in RLS will provide 
significant symptomatic and objective benefits in oxygen satu-
ration and sleep disturbance.

Limitations
The current study has several limitations. Our control group 

was composed of 200 patients who did not undergo polysom-
nography for detection of OSA. However, the only purpose of 
the control group was to determine the frequency of RLS in a 
population that was matched for age and gender. The preva-
lence of PFO in our control group was 19%, which is consistent 
with other reports that determined the frequency of PFO in 
the general population. The frequency of OSA by history in 
the control group was 5.5%, which is typical for the general 
population and it is unlikely that performing a sleep study in 
the control group would have affected the prevalence of RLS.

We utilized TCD with contrast because it is a noninva-
sive bedside procedure with well documented sensitivity and 
specificity for PFO detection. TCD is limited by its inability to 
identify the location of the shunt; however, almost all right-to-
left shunts are due to PFOs or small ASDs since other etiolo-
gies, such as large trans-pulmonary shunting from pulmonary 
AVMs, are rare (1% of TCD exams).15–20 Compared with heart 
catheterization for PFO detection, TCD is more sensitive than 
TEE since there is a 10% false negative rate with TEE because 
patients cannot perform a Valsalva maneuver with a TEE 
probe down their esophagus.20,22–24 The patients in our study 
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with OSA and PFO did not undergo PFO closure, which would 
be needed to evaluate a cause and effect relationship.

CONCLUSION

Our study is in agreement with other reports that reveal a 
higher than expected prevalence of RLS in patients with OSA. 
It also suggests an underlying mechanism by which the RLS 
of a PFO may produce symptoms of hypoxemia earlier in the 
course of the condition. The presence of a RLS as assessed 
by TCD in patients with sleep apnea was found to be 2.2-
fold higher than in the general population. The patients with 
RLS were younger and despite having a lower AHI, they had 
a higher ODI/AHI ratio and were just as symptomatic with 
greater nocturnal desaturations with respect to the frequency 
of respiratory disturbance.

ABBREVIATIONS

AHI,  apnea-hypopnea index
ODI,  oxygen desaturation index
OSA,  obstructive sleep apnea
PFO,  patent foramen ovale
RLS,  right to left shunt
TCD,  transcranial doppler

REFERENCES
1. Young T, Skatrud J, Peppard PE. Risk factors for obstructive sleep apnea in 

adults. JAMA 2004;291:2013–6
2. Ge X, Han F, Huang Y, et al. Is obstructive sleep apnea associated with 

cardiovascular and all-cause mortality? PLoS One 2013;8:7.
3. Lau EM, Yee BJ, Grunstein RR, Celermajer DS. Patent foramen ovale and 

obstructive sleep apnea: a new association? Sleep Med Rev 2010;14:391–5.
4. Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence 

of sleep-disordered breathing among middle-aged adults. N Engl J Med 
1993;328:1230e5.

5. Schwerzman M, Nedeltshev K, Lagger F, et al. Prevalence in size of directly 
detected patent foramen ovale in migraine with aura. Neurology 2005;651415–8

6. Hagen PT, Scholz DG, Edwards WD. Incidence and size of patent foramen 
ovale during the first 10 decades of life: an autopsy study of 965 normal hearts. 
Mayo Clin Proc 1984;59:17–20

7. Anzola GP, Magoni M, Guendani M, Rozzini L, Dalla Volta G. Potential source 
of cerebral embolism in migraine with aura: a transcranial Doppler study. 
Neurology 1999;52;1622–5

8. Beelke M, Angeli S, Del Sette M, et al. Prevalence of patent foramen ovale in 
subjects with obstructive sleep apnea: a transcranial Doppler ultrasound study. 
Sleep Med 2003;4:219–23.

9. Shanoudy H, Soliman A, Raggi P, Liu JW, Russell DC, Jarmukli NF. Prevalence 
of patent foramen ovale and its contribution to hypoxemia in patients with 
obstructive sleep apnea. Chest 1998;113:91–6.

10. Johns MW. A new method for measuring daytime sleepiness: the Epworth 
sleepiness scale. Sleep 1991;14:540–5.

11. Sleep-related breathing disorders in adults: recommendations for syndrome 
definition and measurement techniques in clinical research. The Report of an 
American Academy of Sleep Medicine Task Force. Sleep 1999;22:667–89.

12. Johansson MC, Eriksson P, Peker Y, et al. The influence of patent foramen 
ovale on oxygen desaturation in obstructive sleep apnoea. Eur Respir J 
2007;29:149–55

13. Shaikh ZF, Jaye J, Ward N, et al. Patent foramen ovale in severe obstructive 
sleep apnea: clinical features and effects of closure. Chest 2013;143:56–63.

14. Rechtschaffen A, Kales A. A manual of standardized terminology, techniques 
and scoring system for sleep stages of human subjects. Los Angeles: Brain 
Information Service/Brain Research Institute, 1968.

15. Sastry S, Daly K, Chengodu T, et al. Is transcranial Doppler for the detection 
of venous-to-arterial circulation shunts reproducible? Cerebrovasc Dis 
2007;23:424–9.

16. Blersch WK, Draganski BM, Holmer SR, et al. Transcranial duplex sonography 
in the detection of patent foramen ovale. Radiology 2002;225:693.

17. Klötzsch C, Janssen G, Berlit P. Transesophageal echocardiography and 
contrast-TCD in the detection of a patent foramen ovale: experiences with 111 
patients. Neurology 1994;44:1603–6.

18. Job FP, Ringelstein EB, Grafen Y, et al. Comparison of transcranial contrast 
Doppler sonography and transesophageal contrast echocardiography for 
the detection of patent foramen ovale in young stroke patients. Am J Cardiol 
1994;74:381–4.

19. Sloan MA, Alexandrov AV, Tegeler CH, et al. Assessment: transcranial 
Doppler ultrasonography: report of the Therapeutics and Technology 
Assessment Subcommittee of the American Academy of Neurology. Neurology 
2004;62:1468.

20. Mojadidi MK, Roberts SC, Winoker JS, et al. Accuracy of transcranial Doppler 
for the diagnosis of intracardiac right-to-left shunt: a bivariate meta-analysis of 
prospective studies. JACC Cardiovasc Imaging 2014;7:236–50.

21. Mojadidi MK, Winoker JS, Roberts SC, et al. Accuracy of conventional 
transthoracic echocardiography for the diagnosis of intracardiac right-
to-left shunt: a meta-analysis of prospective studies. Echocardiography 
2014;31:1036–48.

22. Mojadidi MK, Bogush N, Caceres JD, et al. Diagnostic accuracy of 
transesophageal echocardiogram for the detection of patent foramen ovale: a 
meta-analysis. Echocardiography 2014;31:752–8

23. Van H, Poommipanit P, Shalaby M, Gevorgyan R, Tobis JM. Sensitivity of 
transcranial Doppler versus intracardiac echocardiography in the detection of 
right-to-left shunt. JACC Cardiovasc Imaging 2010;3:343–8.

24. Spencer MP, Moehring MA, Jesurum J, Gray WA, Olsen JV, Reisman M. 
Power m-mode transcranial Doppler for diagnosis of patent foramen ovale and 
assessing transcatheter closure. J Neuroimaging 2004;14:342–9.

25. Beelke M, Angeli S, Del Sette M, et al. Obstructive sleep apnea can be 
provocative for right-to-left shunting through a patent foramen ovale. Sleep 
2002;25:856–62

26. Schäfer H, Hasper E, Ewig S, et al. Pulmonary haemodynamics in obstructive 
sleep apnoea: time course and associated factors. Eur Respir J 1998;12:679–84

27. Pinet C, Orehek J. CPAP suppression of awake right-to-left shunting through 
patent foramen ovale in a patient with obstructive sleep apnoea. Thorax 
2005;60:880–1.

28. Lau EM, Jaijee SK, Melehan KL, et al. Prevalence of patent foramen ovale 
and its impact on oxygen desaturation in obstructive sleep apnea. Int J Cardiol 
2013;165:35–40

29. Agnoletti G, Iserin L, Lafont A, Sidi D, Desnos M. Obstructive sleep apnoea 
and patent foramen ovale: successful treatment of symptoms by percutaneous 
foramen ovale closure. J Interv Cardiol 2005;18:393–5.

30. Silver B, Greenbaum A, McCarthy S. Improvement in sleep apnea associated 
with closure of a patent foramen ovale. J Clin Sleep Med 2007;3:295–6.

31. White JM, Veale AG, Ruygrok PN. Patent foramen ovale closure in the 
treatment of obstructive sleep apnea. J Invasive Cardiol 2013;25:E169–71

32. Rimoldi SF, Ott SR, Rexhaj E et al. Effect of patent foramen ovale closure on 
obstructive sleep apnea. J Am Coll Cardiol 2015;65:2257–8

33. Verma SK, Tobis JM. Explantation of patent foramen ovale closure devices: a 
multicenter survey. JACC Cardiovasc Interv 2011;4:579–85.

34. Van den Branden BJ, Post MC, Plokker HW, et al. Patent foramen ovale 
closure using a bioabsorbable closure device: safety and efficacy at 6-month 
follow-up. JACC Cardiovasc Interv 2010;3:968–73

SUBMISSION & CORRESPONDENCE INFORMATION
Submitted for publication July, 2014
Submitted in final revised form May, 2015
Accepted for publication May, 2015
Address correspondence to: Jonathan Tobis, MD, Director of Interventional 
Cardiology Research, UCLA, B-976 Factor Building CHS, 10833 Le Conte Avenue, 
Los Angeles, CA 90095; Email: Jtobis@mednet.ucla.edu

DISCLOSURE STATEMENT
Dr. Tobis was a consultant for AGA Medical, Inc.; W.L. Gore, Inc.; and Coherex, 

Inc. AGA Medical Inc provided the Transcranial Doppler system. No other funding 
from these companies was provided for this study. The other authors have indi-
cated no financial conflicts of interest.




