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Abstract
Background: Patent foramen ovale (PFO) is a common finding in adults. A PFO is associated with right to left
shunting but its importance in the aetiology of hypoxia in early COPD remains uncertain, although it has not
proved possible to demonstrate a role for PFOs in the aetiology of hypoxia in patients with Global Initiative for
chronic Obstructive Lung Disease (GOLD) stage III/IV disease. We compared the characteristics of GOLD stage
II patients with or without a PFO and assessed its impact on exercise performance.
Methods: In 22 GOLD stage II COPD patients we measured exercise performance, arterial oxygen tension and
lung function and used contrast transcranial Doppler ultrasonography (TCD) to assess the presence of a PFO.
Patients (n=20) underwent TCD measurements during incremental cycle ergometry with respiratory pressures
measured using an esophageal balloon catheter (n=13).
Results: Twelve individuals (54%) had a PFO. Patients with a PFO were more hypoxic; mean(SD) partial pressure
of oxygen in arterial blood (PaO2)10.2(1.1) kilopascals (kPa) vs. 11.7(0.9)kPa (p<0.01), but the presence of a PFO
was not associated with reduced exercise performance either on cycle ergometry or a 6 Minute Walk Test (6MWT).
A strong relationship was noted between the esophageal pressure swing (PSwingEs) and the degree of shunting
observed during exercise (r=0.7; p<0.001).
Conclusions: The presence of a PFO in GOLD stage II COPD patients does not appear to influence exercise
performance despite increased right-to-left shunting.
Abbreviations: patent foramen ovale, PFO; Global Initiative for chronic Obstructive Pulmonary Disease, GOLD; transcranial Doppler
ultrasonography, TCD; transesophageal echocardiography, TEE; partial pressure of oxygen in arterial blood, PaO2; 6 minute walk test,
6MWT; esophageal pressure swing, PswingEs; National Research Ethics Service, NRES; National Health Service, NHS; middle cerebral artery,
MCA; high intensity transient signals, HITS; oxygen uptake, V’O2; carbon dioxide output, V’CO2; ventilation, V’E; heart rate, HR; respiratory
rate, RR; arterial oxygen saturation, SpO2; cardiopulmonary exercise testing, CPET; carbon monoxide diffusing capacity, TLCO; arterial blood
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Background
A patent foramen ovale (PFO) is present when the
normal fetal communication between the right and
left atria persists or recurs after birth.1 Presence of a
PFO is a common finding, occurring in up to 34% of the
population and, although the prevalence decreases with
age, those identified at post mortem in older people
tend to be larger.2 In most cases, a PFO poses no threat
to health but, under certain hemodynamic conditions,
when there is a pressure gradient from the right to left
atria, a PFO can allow deoxygenated blood to shunt
from the venous to the arterial circulation.
We have previously reported an increased prevalence
of large PFOs in patients with Global Initiative for
chronic Obstructive Lung Disease (GOLD) stage III/IV
COPD3, and prior smaller studies4,5 had even suggested
that a PFO contributes to hypoxemia, increased dyspnea
and reduced exercise tolerance although this was not the
conclusion of our own study. One explanation for these
findings could be that the primary limitation to exercise
in patients with GOLD stage III/IV disease is pulmonary
and thus a PFO could cause greater exercise limitation
in patients with spirometrically milder disease; however
no data at all exist in patients with milder disease except
those of Kilic et al who specifically sought patients who
also had disproportionate hypoxia.6
Since the current data do not permit definitive
conclusions to be drawn regarding patients with
milder disease who nonetheless are affected in terms
of breathlessness, reduced exercise performance and
physical activity,7,8 we studied patients with GOLD
stage II COPD to determine whether the presence of a
PFO influences the arterial oxygen level at rest, whether
the right to left shunt increases during exercise in
those with a PFO and whether the presence of a PFO is
associated with reduced exercise tolerance.

Materials and Methods:
Patients and Study Design
This study was approved by the National Research Ethics
Service (NRES) Committee (London) and by the Ethics
Committee of Royal Brompton and Harefield National
Health Service (NHS) Foundation Trust, reference
number 11/LO/0402. All participants provided written
informed consent. Every GOLD stage II COPD patient
who attended our research lab or our outpatient clinic
was invited to take part in our study. A convenience
sample of 22 patients (13 male /9 female) available at
the same time as the investigators, with a mean age of
66±9 years (range 44 to 81) were studied. The diagnosis
of COPD was made according to the GOLD guidelines.9
Patients with other respiratory or cardiac diseases were
excluded from the study.
Patent Foramen Ovale Detection
Contrast-enhanced transcranial Doppler ultrasonography
(TCD) was used to diagnose the presence of a PFO. In
our previous study3 and others, TCD showed a good
accuracy compared to the gold standard contrast
transesophageal echocardiography (TEE).10, 11 A
2MHz Power M-Mode digital TCD system (ST3/
PMD150, Spencer Technologies, Seattle, WA) was
used. With the individual in the supine position, the
middle cerebral artery (MCA) was insonated bilaterally
through temporal bone windows at a depth of 35 to 60
mm and the probes were held in place by a headset.
Agitated saline was prepared with 9 mL of saline and
1 mL of air. Microbubble injections, via an intravenous
cannula inserted in the right antecubital vein, were
performed twice at rest, and twice 5 seconds before a
Valsalva maneuver lasting 10 seconds.12 High-intensity
transient signals (HITS) were counted for 25 seconds
after the injection. To confirm PFO presence, at least 1
HITS had to be spotted. Grading was scored using the
criteria of Spencer11 based on a visual scale and on
the number of bubbles (HITS) identified and ranges of
from 1 to 10 HITS (Grade I) to 11 to 300 (Grade II-IV)
to more than 300 HITS or the so called curtain effect
(Grade V-V+).
Cardiopulmonary Exercise Test
Patients were asked to sit on an electromagnetically
braked cycle ergometer (Ergoline, Germany) while
connected by a mouthpiece to a breath-by-breath gas
analyzer (Jaeger, Germany). Oxygen uptake (V’O2),
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carbon dioxide output (V’CO2), ventilation (V’E),
respiratory rate (RR), heart rate (HR) and other derived
variables (i.e. ventilatory equivalent of C’O2, V’E/V’CO2)
were measured. A finger pulse oximeter was placed for
monitoring arterial oxygen saturation (SpO2). After 2
minutes of rest and 1 minute of warm-up at 10 watts,
increments of 10 or 15 watts were implemented every
minute. The increment was adjusted to provide an
estimated loaded period of at least 8 minutes. Patients
were asked to cycle at 60 revolutions per minute until
exhaustion. During the rest phase and immediately
before the termination of exercise, an arterialized blood
sample was taken from the earlobe for gas analysis.13
To evaluate the degree of shunting during the test, TCD
monitoring was maintained and agitated saline was
injected every 2 minutes.
Measurement of Intrathoracic and Gastric
Pressures
Before cardiopulmonary exercise testing (CPET),
a balloon catheter to measure the intrathoracic
(esophageal) pressure was advanced through the nose
and positioned into the esophagus. The esophageal
balloon was inflated with 0.5 ml of air. The catheter was
connected to differential pressure transducers (Validyne
MP45, USA) and the signal, amplified and converted
from analogue to digital and transferred to a computer
running LabviewTM Software (National Instruments,
USA). During the entire exercise test the signal was
monitored and saved for subsequent analysis.
Lung Function and 6 Minute Walking Test
Spirometry, plethysmographic lung volumes, carbon
monoxide diffusing capacity (TLco) (Compact Lab
system; Jaeger, Wurzburg, Germany), arterial blood gas
analysis (ABG) of breathing room air and the 6 minute
walking test (6MWT) were determined in accordance
with European Respiratory Society (ERS) /American
Thoracic Society (ATS) recommendations. 14-17
Questionnaires
Health-related quality of life was determined using
the St. George’s Respiratory Questionnaire (SGRQ)
and breathlessness assessed according to the Medical
Research Council (MRC) dyspnea score. The Headache
Impact Test (HIT-6) was used to evaluate headache
symptoms and the Epworth Sleepiness scale to assess
daytime somnolence since we have previously shown
that large PFOs are more common in patients with

obstructive sleep apnea.18
Statistical Analysis
For comparison of variables between groups (with
and without PFOs) the Mann-Whitney U test was used
since the sample size made it likely that the data would
not be normally distributed. An independent effect
of the presence of a PFO on exercise capacity was
evaluated using stepwise regression analysis incorporating other factors that might influence exercise
including spirometry, gas diffusion capacity, blood gas
parameters and anthropometrics. Analysis of Variance
(ANOVA) was used to evaluate the difference in terms
of number of HITS observed after the saline injections
among the different phases of the exercise. Spearman
rank correlation was used to assess the correlation between the PSwingEs and the number of HITS observed.
A p value <0.05 was considered significant.

Results
Baseline
Twenty-two individuals participated in the study (see
online supplement, Consort Diagram, Figure 1). All
patients completed the cross-sectional evaluation at
rest and so underwent ABG, lung function, 6MWT,
questionnaires and TCD. We detected a PFO in 12 of the
22 patients evaluated (54% prevalence). Of those with a
PFO, 8 (66%) had a Grade I PFO, 1 (8%) a Grade II, 2
(16%) a Grade III and 1 patient (8%) a Grade IV. Patients
with a PFO (PFO+) were significantly older than those
without (PFO-)(p<0.05), with a lower TLco percent
predicted (p<0.002) (Table 1 ), lower FEV1/FVC ratio
(p<0.02) and were more hypoxic (p<0.01). In univariate
analysis PFO presence, FEV1 %predicted, FEV1/FVC
ratio, and TLco %predicted, but not age, correlated with
PaO2 (r=0.61, 0.44, 0.54, 0.52, p<0.05). In stepwise
regression only the presence of a PFO was retained as
an independent correlate of PaO2 explaining 37% of the
variation. There was no difference in breathlessness
or health status between patients with or without a
PFO (Table 2 ), although those with a PFO had a higher
BODE index (Table 1).
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Exercise
Of the 22 patients recruited, 2 individuals (PFO-) did
not undergo the CPET. One declined to perform it
and the other was excluded because the subsequent
identification of ischemic heart disease made them
unsuitable for performing the CPET. Nonetheless, the
demographics and lung function profile between the 2
groups without these 2 patients were unchanged.
V’O2peak adjusted for body weight did not differ
significantly between groups (Table 3) and in univariate
analysis it correlated significantly with body mass index
(BMI) (r -0.53) and TLco %predicted (r 0.55) but not
with age, FEV1 or with PaO2 at rest or the presence of
a PFO. In a stepwise regression model only BMI and
TLco%predicted were retained explaining 74% of the
variance in VO2 peak/kg. Performing a similar analysis
for the 6 minute walk distance, the presence of a PFO
again did not influence exercise performance and this
again was associated with TLco and BMI giving an r2
of 0.33.
Of the 20 individuals who exercised, 8 PFO+ and 5 PFOindividuals performed a technically reliable exercise
test with good data acquisition, either from the point of
view of the TCD signal, with successful administration
of the agitated saline injections, and from the point
of view of the esophageal pressure recording during
exercise. As shown in Figure 1 there was a tendency
for a shunt increase (number of HITS observed) with
exercise, although there was no significant difference
between the different phases of the exercise. However,

Figure 1. Comparison between PSwingEs and HITS in PFO+ patients;
note that technically acceptable injections were not obtained at each
time point in all individuals.

as shown in Figure 2
there was a strong
correlation between the PSwingEs and the number
of HITS observed at every injection (r=0.701,
p<0.001). Injections which were not followed by
HITS appearance were excluded in this analysis.
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was a strong relationship between increased respiratory
muscle work ( judged by esophageal pressure) and an
increase in right to left shunting. Overall, our data do
not support a role for PFOs in the aetiology of exercise
limitation in COPD patients with GOLD stage II disease.

Figure 2. Correlation (Spearman) between HITS and PSwingEs in
PFO+ patients (n=8)

As expected, HITS were almost completely absent in the
PFO- group (see Figure 3 ). In the case of PFO+ patients
the absence of HITS during the exercise test rest phase
may have been due to the seated position assumed
compared to the supine position of the PFO detection test.

Figure 3. Comparison between PSwingEs and HITS in PFO- patients
(n=5); note that technically acceptable injections were not obtained
at each time point in all individuals.

Moreover, no Valsalva maneuver was requested during
the cycling test. The reduced venous return while in the
sitting position and during resting breathing could also
explain the absence of HITS in some PFO+ patients at
the beginning of the exercise as shown in Figure 1.

Discussion
The main finding of the present study is that although
PFOs are reasonably common in GOLD stage II patients
and associated with a modest reduction in resting PaO2,
the presence of a PFO was not associated with reduced
exercise capacity either during incremental cycle
ergmometry or during the 6MWT. During exercise, there

Methodological Issues
It has previously been noted that the use of high flow
oxygen can mask the presence of a PFO,19 most probably
by the mechanism that oxygen induced vasodilation
acts to reduce shunt volume. For this reason, in the
present study all TCD studies were performed with the
patient breathing room air.
Our approach differed from Kilic et al who selected
patients with disproportionate hypoxia.6
Our
participants were a convenience sample of GOLD stage
II COPD patients passing through our clinical service
who were invited to take part in the study irrespective of
the oxygen level. We are unable to make any definitive
comment about the incidence of PFOs in our study group
since to do so would require a larger cohort of patients
and an age matched, control group. Nevertheless, the
overall prevalence (12 of 22 altogether and 3 of 22 with
large PFOs) is within the range expected from autopsy
studies2 and from studies including patients with more
severe disease.3-5 However, our results are in contrast
with the only study that so far evaluated mild COPD and
which found a prevalence of PFOs around 20 percent.6
Transcranial Doppler ultrasonography was used as
a diagnostic mode in this study because we doubted
our ability to obtain satisfactory 4-chamber views
by transthoracic echocardiography during exercise
particularly in patients with COPD in which echo
windows are poor because of gas trapping and
hyperinflation. The gold standard of transesophageal
echocardiography would of course also have been
impractical during exercise studies. Previous studies
suggest a reasonable concordance between transthoracic
echocardiography and transcranial Doppler,20,21 and
this was our experience in GOLD stage III/IV COPD
patients.3
Significance of the Findings
In this study we sought to determine if the presence
of PFOs in patients with GOLD stage II COPD was
associated with a phenotypic disadvantage, and
particularly, if patients with a PFO were more hypoxic.
A second aim was to assess the effect of exercise on
right to left shunting.
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The PFO group were almost 1kPa more hypoxic than
those without a PFO. Such a result is in agreement with
our starting hypothesis that PFOs are associated with
right to left shunting which causes relative (compared to
those without a PFO) hypoxia. However, this observation
should not be accepted uncritically since over half of the
PFOs identified (66%) were small Grade I PFOs while
only 3 of 22 patients studied had a PFO (Grade III or
more) considered large enough to cause right to left
shunting. Nevertheless, this hypothesis was favoured by
Soliman et al who concluded that approximately half of
individuals with severe COPD and a PFO demonstrate
systemic arterial oxygen desaturation after the Valsalva
maneuver, albeit in the absence of hypoxemia at
rest. During exercise in patients with COPD there is
significant recruitment of the abdominal muscles which
may develop low frequency fatigue,22,23 and since this
is also the intention during a Valsalva maneuver we
hypothesized, based on the data of Soliman et al, that
there would be increased shunting. As is evident in
Figure 1 this was indeed the case although the increase
is not linear. Specifically, in COPD patients with a PFO
the esophageal pressure swing seemed, as we have
previously described, to increase linearly whereas the
number of HITS did not. Interestingly, although the
PFO group started with a lower PaO2 than those patients
without a PFO, this gap narrowed by end exercise. The
reason for this is not obvious since at the anaerobic
threshold the PFO patients exhibited less rather than
more minute ventilation per unit of carbon dioxide
excreted (V’E/V’CO2), although the latter could reflect
exercise-induced pulmonary hypertension.
An alternative reason for patients with a PFO to be
more hypoxic is that they have worse lung disease
although the effect of PFOs on PaO2 was independent of
TLco and other lung function parameters in multivariate
analysis. It could be the case that more severe lung
function impairment, in particular a greater degree
of emphysema, as evidenced by the reduced TLco,
predisposes to the development of PFOs, or of PFOs
which are detectable in vivo. Prospective studies are
needed to answer this or to establish whether this was
simply a chance finding. The observation that patients
with a PFO are more hypoxic is also interesting given
recent findings in a large cohort of COPD patients
that conventional pulmonary function measures only
explain 26% of the variance in PaO2.24
Our studies certainly point to an absence of functional
impact of PFOs, at least in early COPD. Considering

the group as a whole, the 6MWT did not differ between
those who had a PFO and those who did not. Moreover,
in the subset which progressed to cardiopulmonary
exercise study, neither the peak oxygen uptake, whether
expressed as ml/min/kg or percent predicted, nor peak
workload differed between those who did and did not
have a PFO. This lack of impact is more striking if one
considers that the PFO group had worse lung function.
Following our prior study3 we had been concerned about
ensuring that the lack of impaired exercise tolerance
associated with PFO was not due to a masking effect
conferred by impaired pulmonary mechanics. In the
prior study, mean peak VE was approximately 32 l/min
which is appropriate for patients with GOLD stage III/
IV disease. In this study the PFO patients reached a
mean VE of 65 l/min and the PFO+ patients achieved 54
l/min (the difference not being statistically significant).
In both cases we attribute the much improved exercise
performance to the lesser impairment of FEV1, again
arguing against a role for PFOs.

Limitations
Our study had several limitations although these are
mitigated to some extent by our prior observations in
patients with GOLD III/IV stage disease.3 First, the
small sample size and absence of a control group makes
it very difficult to clearly address the hypothesis that
PFO prevalence is increased in mild COPD. Furthermore,
only a few large PFOs (which are more likely to be
associated with larger right to left shunt amount) were
detected thus reducing the chance of identifying a
PFO influence on hypoxemia and exercise tolerance.
Secondly, the TCD is a simple and reliable technique
to detect right to left shunting but it is not as accurate
in distinguishing the nature of an intracardiac shunt
(atrial septal defect, PFO, or other) as the TEE, although
these techniques are unsuitable for exercise. Moreover,
an echocardiogram could have been useful to determine
the presence of pulmonary arterial hypertension and in
this degree, providing greater depth to our findings.
Thirdly, the lack of lung imaging studies do not allow
us to ascertain the degree of emphysema or of smokingrelated interstitial lung disease in our COPD patients
making it difficult to attribute the greater hypoxemia in
the PFO+ group just to the PFO influence. Finally, due to
the complexity of the exercise tests, some data were not
good enough to be considered for analysis and when
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this is taken into account the small-sized cohort may
have lacked statistical power.

Conclusions
Our study shows that COPD patients with a PFO suffer
a greater hypoxemia and do develop increased right
to left shunting during exercise but, their exercise
performance is not impaired. Moreover, despite the
small study size, our data seem to confirm PFOs are
not uncommon in COPD patients, which is consistent
with previous works. However, our data do not support
finding or closing PFOs in GOLD stage II COPD, at
least for the reason of improving exercise performance.
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