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      Patent foramen ovale (PFO) is a congenital cardiac 
defect present in approximately 25% of healthy 

adults.  1   Obstructive sleep apnea (OSA) is also a prev-
alent condition  2   associated with signifi cant cardio-
vascular consequences,  3-5   believed to be mediated via 
the intermittent hypoxia produced during apneas and 
hypopneas. The prevalence of PFO in patients with 
OSA is unknown; some reports suggest it is increased.  6,7   
However, since these studies were undertaken, PFO 
detection techniques have advanced, and there is a 
need for new data.  8,9   In OSA, PFO may exacerbate the 

apnea-induced hypoxemia through right-to-left shunt-
ing,  10   therefore increasing the cardiovascular mor-
bidity and mortality. 

 Clinical experience suggests that PFO can be safely 
closed percutaneously,  11   and where there is substan-
tial right-to-left shunting, waking arterial oxygen ten-
sions may be improved.  12-17   Data on the effect of PFO 
closure in OSA are limited to one case report, which 
documented a resolution of exercise-induced dyspnea.  18   
An improvement in OSA following PFO closure could 
occur from a reduction in the frequency of respiratory 

  Background:    Patent foramen ovale (PFO) may contribute to nocturnal desaturation in patients 
with obstructive sleep apnea (OSA), and the effect of PFO closure in OSA is unknown. Our study 
tested the hypotheses that: (1) patients with severe OSA have a higher prevalence of PFO com-
pared with healthy control subjects, (2) patients with severe OSA with clinically signifi cant PFO 
experience more nocturnal desaturation than those without, and (3) PFO closure reduces noctur-
nal desaturation. 
  Methods:    Patients with severe OSA and healthy control subjects underwent contrast transthoracic 
echocardiography and transcranial Doppler to detect PFO and determine shunt size. A subgroup 
of patients with OSA with large shunts underwent percutaneous PFO closure. Polysomnography 
was performed at baseline and 1, 6, and 12 months postclosure. 
  Results:    One hundred patients with OSA (mean [SD] age, 52 [10] years; apnea-hypopnea index 
[AHI], 54 [18] events/h) and 50 control subjects (age, 52 [11] years; AHI, 2 [2] events/h) were 
studied. PFO prevalence was 43% in patients with OSA and 30% in control subjects ( P   5  .16). 
Large shunts were detected in 18% of patients with OSA and 6% of control subjects ( P   5  .049). 
Patients with OSA with clinically signifi cant shunts had higher oxygen-desaturation index (ODI)/AHI 
ratios than patients without (ratio, 1.05 [0.27] vs 0.86 [0.26],  P   5  .004). Six patients with OSA 
underwent PFO closure, which was not associated with a reduction in ODI (baseline, 48 [18]; 
12 months, 51 [19] events/h;  P   5  .92) or percentage of the night with arterial oxygen satura-
tion  ,  90% (baseline, 23% [16%]; 12 months, 20% [22%];  P   5  .35). 
  Conclusions:    Patients with severe OSA have a higher prevalence of PFO with large shunts com-
pared with control subjects. The ODI/AHI ratio is increased in patients with OSA with clinically 
signifi cant shunts. PFO closure does not reduce nocturnal desaturation. 
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 Overnight Respiratory Monitoring—  Respiratory  polygraphy 
was performed with measurements of nasal and oral airfl ow (nasal 
cannula and thermistor) and thoracic and abdominal respira-
tory effort (respiratory inductance plethysmography). Cardiac fre-
quency, arterial oxygen saturation, snoring, and body position were 
also measured using standard clinical monitoring (SOMNOscreen; 
S-Med). 

 PFO Detection—  Contrast transthoracic echocardiography (TTE) 
with second harmonic imaging was performed to determine the 
presence of PFO and size of the associated shunt.  9,23,24   Measure-
ments were performed at rest and following a Valsalva maneuver 
(e-Appendix 1). Obese patients with OSA have limited acoustic 
windows; therefore, contrast transcranial Doppler (TCD) was also 
performed as previously described  25-28   to help to quantify PFO 
shunt size. The Doppler measurements were performed at rest 
and following a Valsalva maneuver (e-Appendix 1). 

 Closure Study 

 Subjects:   Patients with severe OSA with large shunts suit-
able for PFO closure were recruited from the case-fi nding study. 
Patients between 18 and 70 years of age with an AHI  .  30 events/h 
and a large PFO suitable for closure were eligible to take part 
in this study. The multiple exclusion criteria are detailed in 
e-Appendix 1. 

 Measurements and Protocol:   Polysomnography was performed 
using standard measurements (e-Appendix 1). Patients being 
treated with CPAP discontinued treatment for 3 nights prior 
to baseline polysomnography and restarted CPAP the evening 
following closure. Percutaneous PFO closure was performed 
by a single operator as previously described.  29   Defects were 
closed using a BioSTAR device (NMT Medical, Inc). Follow-
ing the procedure, patients were discharged on aspirin 75 mg 
daily for 6 months and clopidogrel 75 mg daily for 90 days. 
Follow-up at 1, 6, and 12 months included polysomnography, TTE, 
and TCD. 

 Analysis 

 Overnight Respiratory and Nocturnal Polysomnography Studies:  
 Apnea and hypopnea were defi ned as a 10-s cessation or  .  50% 
reduction of baseline airfl ow, respectively. For polysomnography 
studies, additional hypopnea criteria were  �  4% oxygen desat-
uration or EEG arousal. Oxygen desaturation index (ODI) was 
defi ned as the average number of arterial oxygen saturation (Sa o  2 ) 
dips  �  4%/h. The percentage of the night with Sa o  2   ,  90% was 
also calculated, along with the ODI/AHI ratio as a marker of the 
amount of desaturation for a given respiratory disturbance. Sleep 
was scored according to published guidelines.  30   

 Grade of PFO:   A PFO was defi ned as present if a shunt of any 
magnitude was detected following a Valsalva maneuver. PFO shunt 
size was graded as small, moderate, or large in accordance with 
published criteria.  8,28,31   Using TTE, the shunt magnitude was graded 
on the bubbles entering the left side of the heart after contrast 
injection; no shunt: no bubbles; small shunt: scattered individual 
bubbles; moderate shunt: obvious bubbles but not suffi cient to 
completely opacify any section; large shunt: a shunt of contrast 
that completely opacifi ed a section or all of the left side of the 
heart. 

 Using TCD, the shunt magnitude was graded on the number of 
microbubbles detected in the middle cerebral artery up to 1 min 
following contrast injection: no shunt: up to three bubbles over 
the minute; small shunt: four to 30 bubbles; moderate shunt: 31 to 
100 bubbles; large shunt: bubbles fi lling the spectrum for more 
than three heartbeats. The size of shunt assigned to each PFO 

events or from improvements in desaturation. An 
improvement in baseline hypoxemia could also stabilize 
ventilatory control,  19   analogous to periodic breathing 
resolution following descent from altitude. 

 We conducted a case-fi nding study of PFO in 
patients with severe OSA (referred to a sleep clinic) 
to test the hypothesis that patients with severe OSA 
have a higher prevalence of PFO compared with 
healthy control subjects and to determine the size 
of the associated shunt. In addition, the hypothesis 
that patients with severe OSA with clinically signifi cant 
shunting through PFO experience greater nocturnal 
oxygen desaturation than those without PFO or clin-
ically insignifi cant shunts was tested. Moreover, in 
a prospective proof-of-concept study the hypothesis 
that percutaneous PFO closure of large shunts in 
patients with severe OSA would reduce nocturnal 
desaturation was investigated. 

 Materials and Methods 

 Case-Finding Study 

 Subjects:   Patients with severe OSA were recruited from the 
Royal Brompton Hospital sleep clinics. Patients with an apnea-
hypopnea index (AHI)  .  30 events/h, measured up to 24 months 
prior to enrollment, were eligible for the study. Healthy con-
trol subjects matched for age and sex were recruited from the 
local population by advertisement; inclusion criteria were an 
AHI  ,  5 events/h. Exclusion criteria (OSA and control subjects) 
were weight  .  150 kg, FEV 1 /FVC  ,  70%, and FVC  ,  70% pre-
dicted. The study was approved by the Kings College Hospital 
Research Ethics Committee   (Research Ethics Committee number 
07/Q0703/33), and all subjects gave written informed consent. 

 Measurements:   Baseline Assessments—  Resting arterial blood 
gas tensions, spirometry, and a 6-min walk test were performed. 
Participants completed questionnaires to assess subjective sleepi-
ness (Epworth Sleepiness Score [ESS]),  20   headache (Headache 
Impact Test-6 [HIT6] questionnaire),  21   and quality of life (Short 
Form-36 General Health Survey, version 2 [SF-36v2] questionnaire).  22   
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 Patients With OSA With and Without Clinically 
Signifi cant Shunts:   Patients with OSA with clini-
cally signifi cant shunts had a lower AHI ( P   5  .01) and 
a higher ODI/AHI ratio ( P   5  .004) compared with 
those with no clinically signifi cant shunt ( Table 4  ). 
Pa co  2  was lower in the clinically signifi cant shunt 
group, despite similar Pa o  2 . Age, BMI, spirometry, 
ODI, the percentage of the night with Sa o  2   ,  90%, 
6-min walk test distance, ESS, and HIT6 headache 
score were similar across groups. 

 Closure Study 

 Six of the 18 patients with OSA with a large shunt 
after Valsalva maneuver underwent percutaneous PFO 
closure ( Fig 1B ). Patient details are given in  Table 5  . 
At 12 months, three PFOs were sealed, one had min-
imal shunting, and two had residual large shunts after 
Valsalva maneuver. Four of the six patients were using 
CPAP prior to closure; these patients continued to use 
CPAP after closure, and nocturnal use was 5 (3.5-7) h 
per night. 

 PFO closure was not associated with a signifi cant 
change in ODI ( Fig 2A  ) or time with Sa o  2   ,  90% 

was the maximum shunt detected following Valsalva maneuver. 
Clinically signifi cant PFO was defi ned as those with moderate 
to large shunts following Valsalva maneuver. If there was a dis-
agreement between TTE and TCD, the largest detected shunt was 
recorded. Studies were scored blinded to subject group. 

 Statistical Analysis 

 Sample Size Calculations:   The prevalence of PFO in OSA has 
previously been reported as 69% and 27% and in healthy control 
subjects as 17% and 15%.  6,7   Although these values were obtained 
using older technology, combining them produced a mean PFO 
prevalence of 48% in OSA vs 16% in control subjects. Assuming 
a more conservative estimate of PFO in OSA (45%) and a higher 
prevalence in the control subjects (20%) in a ratio of 2:1, a sam-
ple of 96 patients with OSA and 48 healthy control subjects was 
required to achieve 80% power at a signifi cance level of 0.05 
(STATA version 10.1; StataCorp LP). These numbers were rounded 
to 100 and 50, respectively; a ratio of 2:1 allowed us to enlarge the 
pool of potential patients for the PFO closure study. 

 Statistical analysis was performed using SPSS (version 16.0; IBM). 
Data are presented as mean (SD) or median (range). Categorical 
variables were compared using the  x  2  test. Student  t  test was used 
to compare measurements in patients with OSA vs healthy control 
subjects. Patients with OSA were divided into two groups—no 
PFO or a small shunt vs those with a moderate to large clini-
cally signifi cant shunt—and compared using the Student  t  test or 
Mann-Whitney  U  test. The effects of PFO closure were compared 
over time using one-way analysis of variance on repeated measures 
(parametric) or the Kruskal-Wallis test (nonparametric);  P   ,  .05 
was considered statistically signifi cant. 

 Results 

 Case-Finding Study 

 One hundred patients with severe OSA and 50 healthy 
control subjects were included in the study ( Fig 1A  ). 
Baseline characteristics for both groups are given 
in  Table 1  , and details of comorbidities are given in 
 Table 2  . There were no signifi cant differences in age, 
sex, and FEV 1 /FVC ratio between the patients with 
OSA and healthy control subjects. Patients with OSA 
had higher BMI, lower predicted FEV 1  and FVC, 
lower Pa o  2  and Pa co  2 , higher ESS and HIT6 scores, 
and lower SF-36v2 quality-of-life scores. Eighty-six 
of the patients with OSA were using CPAP (median 
[range] duration of usage, 2.5 [0.25-24] months). 

 PFO Prevalence:   The prevalence of PFO was not 
signifi cantly different in patients with severe OSA com-
pared with healthy control subjects (43% [43 of 100] 
vs 30% [15 of 50],  P   5  .16). Patients with OSA had a 
higher prevalence of large shunts following Valsalva 
maneuver compared with healthy control subjects 
(18% [18 of 100] vs 6% [3 of 50],  P   5  .049). Patients 
with OSA and healthy control subjects had a similar 
prevalence of small and moderate size shunts. Details 
of shunt size at rest and following Valsalva maneuvers 
are given in  Table 3  . Details of the 24 patients in 
whom TTE and TCD results confl icted are given in 
e-Appendix 1. 

  Figure  1. A, Diagram illustrating recruitment of patients with 
severe OSA and healthy control subjects in the case-fi nding study. 
B, Diagram illustrating recruitment of patients with severe OSA 
in the closure study. AHI  5  apnea-hypopnea index; CVA  5  cere-
brovascular accident; NPSG  5  nocturnal polysomnography; OSA  5  
obstructive sleep apnea; PFO  5  patent foramen ovale; TIA  5  tran-
sient ischemic attack.   
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shunts than healthy control subjects, although the 
signifi cance was marginal. Overall PFO prevalence 
was not different from that in the general population. 
Patients with OSA with clinically signifi cant shunts 
desaturated more for a given respiratory disturbance 
than those without clinically signifi cant shunts. PFO 
closure did not reduce nocturnal desaturation, nor did 
it improve subjective sleepiness or quality of life. 

 Previous studies have identifi ed different preva-
lences of PFO in patients with OSA than we found. 
Shanoudy et al  7   detected PFO in 69% of patients with 
OSA and in 17% of control subjects. The higher prev-
alence of PFO in this study may have occurred because 
the patients with OSA were recruited from those under-
going elective transesophageal echocardiography for 
other reasons and therefore may have been more likely 
to have a PFO. Beelke et al  6   detected PFO in 27% of 
patients with OSA and 15% of control subjects. In 
contrast, the lower prevalence of PFO in this study 
may be a consequence of using an older TCD machine 
without Power M Mode, which has been shown to 
improve PFO detection rates.  8   Also, the smaller shunts, 
common in control subjects, may have been missed. 
Both studies used saline and air contrast to detect 
PFO, which is not as effective as the saline, blood, and 
air mixture used in our study.  32   

 The patients with OSA with clinically signifi cant 
shunts had higher ODI/AHI ratios than those with-
out. Although the signifi cance was marginal, the fi nd-
ing may support the suggestion that shunting through 
PFO in OSA exacerbates nocturnal desaturation. To 
our knowledge, Johansson et al  10   were the fi rst to 
use the ODI/AHI ratio as an index of the amount of 
desaturation for a given level of respiratory distur-
bance. They found that in patients with OSA with 
a high ODI/AHI ratio ( �  0.66), the PFO prevalence 
was 60%, vs 13% in patients with OSA with a low 
ratio.  10   Delivery of mixed venous blood to the systemic 

( Fig 2B ). Closure was not associated with any signifi -
cant changes in Pa o  2 , Pa co  2 , AHI, ODI/AHI ratio, 
BMI, 6-min walk test distance, ESS, HIT6 question-
naire, or SF-36v2 physical or mental health component. 
Values for each time period are given in  Table 6  . 

 Discussion 

 The main fi ndings of this study are that patients with 
severe OSA had a higher prevalence of large PFO 

 Table 1— Baseline Characteristics  

Characteristic    Patients With OSA (n  5  100) Healthy Control Subjects (n  5  50)  P  Value

Age, y 52 (10) 52 (11) .83
Male (female) 87 (13) 42 (8) .41
BMI, kg/m 2 34.5 (6.4) 24.3 (2.7)  ,  .001
FEV 1 , % predicted 93 (2) 101 (13)  ,  .001
FVC, % predicted 94 (11) 104 (13)  ,  .001
FEV 1 /FVC 80 (5) 79 (6) .22
Pa o  2 , kPa 11.6 (1.3) 12.3 (1.4) .004
Pa co  2 , kPa 5.3 (0.5) 5.6 (0.5) .01
Epworth Sleepiness Score 9 (5) 5 (4)  ,  .001
HIT6 headache score 45 (9) 42 (7) .02
SF-36v2: physical component 47 (11) 57 (5)  ,  .001
SF-36v2: mental component 48 (10) 53 (8)  ,  .001
AHI, events/h 53.9 (17.8) 2.0 (1.9) …
ODI, events/h 49.5 (21.0) 1.9 (1.8) …

Values are expressed as mean (SD) except as otherwise noted. AHI  5  apnea-hypopnea index; HIT6  5  Headache Impact Test-6; ODI  5  oxygen-
desaturation index; OSA  5  obstructive sleep apnea; SF-36v2  5  Short Form-36 General Health Survey version 2.

 Table 2— Comorbidities of Patients With OSA and 
Healthy Control Subjects  

Comorbidity OSA, No.
Healthy Control 

Subjects, No.

No comorbidity 21 45
Ischemic heart disease 11 …
Hypertension 43 3
Atrial fi brillation/fl utter 4 …
Hypercholesterolemia 12 …
Previous stroke/transient ischemic attack 3 …
Diabetes (type 1 and II) 16 2
Migraine 5 …
Cluster headache 1 …
Normal spirometry with previous 

diagnosis of mild airfl ow obstruction
4 …

Gastroenterologic  a  10 …
Musculoskeletal  b  14 2
Other  c  19 …

See Table 1 legend for expansion of abbreviation.
 a Gastroenterologic: irritable bowel syndrome (n  5  2), infl ammatory 
bowel disease (n  5  1), gastroesophageal refl ux disease (n  5  5), diver-
ticular disease (n  5  1), hepatitis C (n  5  1).
 b Musculoskeletal: osteoarthritis (n  5  10), gout (n  5  2), rheumatoid 
arthri tis (n  5  1), systemic lupus erythematosus (n  5  1).
 c Other: myalgic encephalomyelitis (n  5  1); schizoaffective disorder 
(n  5  1); depression (n  5  2); previous ear, nose, and throat surgery 
(n  5  2); prostate conditions (n  5  3); undiagnosed menorrhagia (n  5  1); 
renal stones (n  5  1); ocular hyper tension (n  5  1); ophthalmic artery 
occlusion (n  5  1); pituitary adenoma (n  5  1); hypothyroidism (n  5  1); 
alcohol excess (n  5  1); psoriasis (n  5  1); acoustic neuroma (n  5  1); 
vitiligo (n  5  1).
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con fi guration of the interatrial septum, ultimately 
stretching preexisting PFO and increasing the size of 
shunt. OSA can cause large elevations in pulmonary 
artery pressure (due to hypoxic pulmonary vasocon-
stric tion),  34,35   increasing right ventricular afterload 
and promoting an increase in right atrial pressure. 
Combined with this increase, obstructive apneas gen-
erate negative intrathoracic pressures, which increases 
venous return and augments right ventricular preload. 
The increased venous return leads to further increases 
in right atrial pressure with resulting strain on the 
interatrial septum. Taken together, these effects are 
likely to promote right-to-left shunting; therefore, we 
speculate that this volume effect explains the physio-
logic association between PFO size during wakeful-
ness and the ODI/AHI ratio during sleep. Termination 
of apneas is followed by a refl ex hyperventilatory 
response. The inspiratory phase of this response 
increases venous return. In patients with persistent 
Eustachian valves or anatomy that streamlines inferior 
vena caval fl ow toward the atrial septum, this venous 
return is directed through a PFO. In combination 
with elevated right atrial pressure, we speculate that 
over time this may stretch a PFO. 

circulation through a large PFO could lead to a reduc-
tion in arterial oxygen saturation and an increase in 
the ODI/AHI ratio. However, in the present study, 
the increased nocturnal hypoxemia was not observed 
in other measures (Sa o  2   ,  90%), nor was it in the study 
of Johansson et al,  10   in which mean and minimum 
oxygen saturation were reported. 

 PFO Detection 

 We used contrast TTE and TCD to detect and 
size PFO. Both tests have good sensitivity and speci-
fi city and are comparable to contrast transesopha-
geal echocardiography, the commonly regarded gold 
standard.  9,28   Obese patients with OSA have poor echo 
windows; therefore, combining echocardiography with 
TCD enabled us to accurately detect and estimate the 
size of each PFO shunt.  33   

 Mechanisms for the High Prevalence of Large 
PFO in OSA 

 The increased prevalence of large PFO may be 
explained by mechanisms that alter the anatomic 

 Table 4— Comparison of Patients With OSA With and Without Clinically Signifi cant Shunting Through PFO  

Characteristic Clinically Signifi cant Shunt (n  5  26) Clinically Insignifi cant or No Shunt (n  5  74)  P  Value

Age, y 54 (9) 51 (10) .20
BMI, kg/m 2 34.2 (7.2) 34.6 (6.1) .77
FEV 1 , % predicted 92 (16) 93 (11) .67
FVC, % predicted 93 (13) 94 (11) .63
FEV 1 /FVC 81 (6) 80 (5) .65
AHI, events/h 46.8 (14.3) 56.5 (18.3) .01
ODI, events/h 48.6 (16.1) 49.8 (22.5) .78
ODI/AHI 1.05 (0.27) 0.86 (0.26) .004
Percentage time Sa o  2   ,  90%  a  27 (25) 26 (25) .85
6MWT distance, m 511 (138) 564 (83) .07
Pa o  2 , kPa 11.8 (1.4) 11.6 (1.2) .43
Pa co  2 , kPa 5.1 (0.5) 5.4 (0.5) .02
Epworth Sleepiness Score 11 (6-15) 7 (4-12) .08
HIT6 headache score 48 (38-55) 40 (36-50) .09
SF-36v2: physical component 43 (13) 48 (10) .10
SF-36v2: mental health component 45 (12) 50 (9) .08

Values expressed as mean (SD) or median (range). 6MWT  5  6-min walk test. See Table 1 legend for expansion of other abbreviations.
 a Values expressed for 23 of 26 patients with clinically signifi cant shunt and 64 of 74 patients with clinically insignifi cant or no shunt.

 Table 3— PFO Shunt Size in Patients With OSA and Healthy Control Subjects at Rest and Following 
Valsalva Maneuver  

Shunt Size

At Rest Following Valsalva Maneuver

OSA (n  5  100) Control Subjects (n  5  50)  P  Value OSA (n  5  100) Control Subjects (n  5  50)  P  Value

No shunt 79 44 .26 57  a  35  a  .16
Small shunt 11 4 .77 17 8 1.00
Moderate shunt 10 1 .10 8 4 1.00
Large shunt 0 1 .33 18 3 .049

See Table 1 legend for expansion of abbreviations.
 a These subjects had no detectable shunts at rest or following Valsalva maneuver and, therefore, did not have a PFO.
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was also technically diffi cult, due to body habitus and 
the frequency of lipomatous hypertrophy of the secun-
dum septum. PFO closure was not associated with 
a reduction in ODI or the percentage of the night 
spent with Sa o  2   ,  90%, even in patients who had 
complete closure, suggesting an alternative mecha-
nism for desaturation in these patients. PFO closure 
cannot currently be recommended as a means of 
improving nocturnal oxygenation. 

 Critique of Methods 

 A number of factors need to be considered in the 
present study. Patients with severe OSA were stud-
ied; the PFO prevalence and associated nocturnal 
desaturation may be different in those with less severe 
disease. Six of 18 patients with OSA identifi ed with 
large PFO underwent closure. This small sample size 
limits the ability to detect a signifi cant change, although 
we have likely excluded a major effect in our sample. 

 The median duration from diagnosis of OSA to the 
study visit varied in the case-fi nding prevalence study 
(median time, 70; interquartile range, 28-160 days); 
therefore, the severity of OSA may have been over-
estimated or underestimated. However, there was no 
signifi cant difference in the weight of the patients 
with OSA at the time of diagnosis compared with 
the time of study (mean [SD] weight at diagnosis, 
104 [18.3] kg; at study, 105 [19.1] kg;  P   5  .19), sug-
gesting spontaneous disease progression/resolution 
did not occur in the 2- to 3-month median duration. 

 Conclusions 

 Patients with severe OSA have a slightly higher prev-
alence of PFO with large shunts than the general 
population but not a higher prevalence of PFO in 
total. This fi nding may represent a pathophysiological 

 PFO Closure 

 To our knowledge, this is the fi rst prospective PFO 
closure study in patients with OSA. We found that 
although the procedure can be safely performed, it 

 Table 5— Details of PFO Closure Procedure, Outcomes, and Complications  

Detail Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age, y 66 59 56 47 35 60
Procedure time, min 58 29 37 28 71 40
Interatrial septal aneurysm present No No No No No No
Device size 28 28 23 23 23 28
Follow up shunt size  a  
 1 mo Large Small No shunt Large No shunt Large
 6 mo Large Small Small Large No shunt Small
 12 mo Large No shunt Small Large No shunt No shunt
Procedure-related complications  b  Nil reported Nil reported Nil reported Nil reported Nil reported Left foot bruising, 

  palpitations, blood 
in stools

See Table 1 legend for expansion of abbreviations.
 a Shunt sizes are given for those detected following a Valsalva maneuver.
 b Patients 1 to 5 reported no procedure related complications. Patient 6 reported three issues within 1 mo of PFO closure: left foot bruising that 
resolved; intermittent self-limiting palpitations that resolved after 1 mo; and blood in stools, which was investigated by the general practitioner, no 
sinister cause found, and resolved.

  Figure  2. A, ODI at baseline and 1, 6, and 12 mo following PFO 
closure.  �   5  individual values for patients with sealed PFO/small 
residual shunt;  �   5  individual values for patients with residual 
large shunts;  �   5  mean value. B, The percentage of overnight 
time spent with arterial oxygen saturation  ,  90% was recorded 
at baseline and 1, 6, and 12 mo later.  �   5  individual values for 
patients with sealed PFO/small residual shunt;  L   5  individual 
value for patients with residual large shunts;  �   5  mean value. 
ODI  5  oxygen-desaturation index. See Figure 1 legend for expan-
sion of other abbreviation.   
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SF-36v2: mental health component 51 (5) 52 (4) 47 (8) 49 (7) .43

See Table 1 and 4 legends for expansion of abbreviations.
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