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Patent foramen ovale in adult life

Description and prevalence
In the fetus venous blood enters the right atrium and is
directed into either the right ventricle (predominantly
from the superior vena cava) or the left atrium (predomi-
nantly from the inferior vena cava, being guided by the
eustachian valve across the foramen ovale). At birth the
decrease in pulmonary vascular resistance and increase in
systemic vascular resistance cause left atrial pressure to
exceed right atrial pressure. This draws the valve of the
foramen ovale against the surrounding tissue of the
secundum atrial septum. The components of the septum
usually adhere to seal the foramen within the first year of
life but sometimes fusion is incomplete and the foramen
ovale persists.' 2
Even if a potential channel between the atria remains,

the pressure in the left atrium keeps the flap-like valve of the
foramen opposed to the septum. If right atrial pressure
exceeds left atrial pressure the valve can be pushed open
to create a right-to-left shunt. The shunt volume depends
on the pressure gradient and the size of the patent fora-
men ovale (PFO); both vary from moment to moment.
The prevalence of PFOs in necropsy studies was

20-35%.'1 4 Size is measured by finding the largest probe
that fits the PFO without stretching the tissue. Formalin
fixation of the samples examined may result in underesti-
mation of the true size in vivo. In 1100 consecutive
necropsies from all age groups a small probe-patent PFO
was found in 29% (mean diameter 2 mm) and a larger
pencil-patent PFO was found in 6%.3 Half of the subjects
with pencil-patent PFOs were aged less than 6 months.
This suggests that a PFO of moderate size is uncommon
in adults. Hagen and colleagues studied subjects from
each of the first nine decades of life but excluded those
aged less than one year.4 The size of the PFO ranged
from 1 mm to 19 mm (mean 4 9 mm) and three quarters
were 1-6 mm in diameter. Despite the variation within
each age group, the mean size of the channel was larger
in older subjects. In addition, the prevalence decreased
with age (34% in those aged 1-29 years, 25% in those
30-79 years, and 20% in those aged 80 years or more).
One explanation is that the foramen ovale may seal com-
pletely after the first year of life and that the smaller the
channel the more likely it is to seal.

Clinical importance
The important clinical effect of a PFO is right-to-left
shunting and the consequent potential for paradoxical
embolism and arterial desaturation.

PARADOXICAL THROMBOEMBOLISM
The association between PFO and stroke was first

reported in 1877.5 Systemic embolism can occur in asso-
ciation with deep vein thrombosis and pulmonary
embolism, if the raised right atrial pressure that follows
pulmonary embolism opens the channel of the PFO.
Absolute proof of paradoxical embolism was obtained
only in rare cases when thrombus was found straddling a
PFO.67 Until recently there were few reported cases of
presumed paradoxical thromboembolism in individuals
with a PFO. In 1972 only 128 cases were found in an
international review of reported cases and it was generally
believed that paradoxical thromboembolism is an
uncommon event in individuals with a PFO.8 Though a
PFO is present in about a quarter of the population and
venous thrombosis is common, it was presumed that the
size of the PFO does not usually allow a thrombus to
pass across or else the channel is kept sealed by the pre-
vailing differences in atrial pressures.

In 1988, however, Lechat et al compared 60 patients
aged less than 55 years who were recovering from a
stroke with 100 control patients who were to have poste-
rior fossa surgery.9 They used transthoracic contrast
echocardiography and the Valsalva manoeuvre. A PFO
was found in 40% in the stroke patients but only 10% of
the controls (p < 0-001). PFOs were most common in
those with no other risk factor for stroke (54%). In the
same year, Webster and colleagues found a similar asso-
ciation between stroke and PFO in young patients, the
prevalence being 50% in the stroke patients and 15% in
controls (p < 0-001).Y' A semiquantitative assessment of
the shunt size was made by counting the number of
microbubbles seen in the left side of the heart during
frame-by-frame analysis (grade 1 = 1-5; grade 2 = 6-20;
grade 3 > 20 bubbles). The stroke patients were more
likely to have grade 2 and 3 shunts than the controls.

These two studies in particular challenged the idea
that paradoxical thromboembolism is uncommon in
those with a PFO. The infrequency of other causes of
stroke in the young made it possible to demonstrate the
association in the populations studied. Since then others
have used transoesophageal contrast echocardiography to
show an association between PFO and stroke in older
patients." Though the 95% confidence intervals for
prevalence of PFO in the control groups in three
studies"" overlapped, in the transoesophageal contrast
echocardiographic study the prevalence in the control
group was only 3-2%. This low figure may be because
some of the controls had left-sided abnormalities12 (it was
deemed inappropriate to perform transoesophageal
echocardiography on healthy controls) and because older
patients were included. The prevalence was less than that
expected from necropsy data, but it may be difficult to
identify a small probe-patent PFO in vivo because even
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the release of a Valsalva manoeuvre may not permit
shunting. Also, when only a few microbubbles cross the
atrial septum the PFO may be too small to allow para-
doxical embolism and slightly larger PFOs may only
become clinically significant when the arrival of an
embolism in the right atrium coincides with an activity
that simulates a Valsalva manoeuvre, such as heavy lift-
ing. A large PFO can permit right-to-left shunting even
under physiological conditions.913 Two further transoe-
sophageal contrast echocardiographic studies'415 showed
a high prevalence of PFO in young patients with stroke,
but another did not.'6

Other abnormalities that might account for the occur-
rence of strokes (such as smoking, use of oral contracep-
tives, hypertension, mitral valve prolapse, atrial septal
aneurysm, evidence of cerebrovascular disease) are also
common in both young and old patients." 13 Even though
it can be impossible to demonstrate evidence of the deep
vein thrombosis that could be the source of emboli in
those without other risk factors,'5 17 the weight of
evidence favours the association between PFO and
stroke, particularly in the young.

OTHER PARADOXICAL EMBOLI
PFOs that permit paradoxical embolism of thrombus will
presumably also allow shunting of other emboli such as
tumour, lipid, infected material, and gas. Septic
embolism is a cause of cerebral abscess in patients with
congenital heart defects and right-to-left shunts, but
there is no report of an association between PFO and
cerebral abscess.
PFOs are a well recognised cause of paradoxical gas

embolism during some interventions, particularly neuro-
surgery.'8 Indeed, before some procedures preoperative
screening may be advisable to detect PFOs, and those
who have a PFO may require intraoperative monitoring
for evidence of paradoxical air embolism.'9

DECOMPRESSION SICKNESS
Paradoxical gas embolism via a PFO also seems to be
responsible for some types of decompression sickness,
particularly when symptoms occur after relatively innocu-
ous dives.202' In one study transthoracic contrast
echocardiography showed a PFO in 41% of subaqua
divers who had symptoms of decompression sickness but
only 24% of matched control divers who did not.20 The
prevalence was highest (66%) in those who had neuro-
logical symptoms within 30 minutes of surfacing. In
another study of 30 divers with decompression sickness
the results were similar. There was an overall PFO preva-
lence of 37% but it was 61% for the 18 patients with
serious symptoms and signs.2' PFOs also seem to
predispose to cardiorespiratory and cutaneous decom-
pression sickness but not limb (joint) decompression
sickness.22

ARTERIAL DESATURATION
Pulmonary thromboembolism increases right heart pres-
sures. In those with a PFO this may permit right-to-left
shunting of venous blood, which will exacerbate the
effects of pulmonary shunting and worsen arterial
hypoxemia.2' However, pulmonary hypertension is not a
prerequisite for right-to-left shunting and arterial desatu-
ration. Shunting can occur after resection of lung
tissue.2s26 It has been proposed that a change in anatom-
ical relations between the inferior vena cava and the atrial
septum is responsible, but arterial desaturation caused by
shunting across a PFO can occur in individuals with nor-
mal cardiac pressures and no lung disease.25 Arterial satu-
ration can change with posture, with a tendency for

dyspnoea and desaturation to develop in the upright
position (platypnoea-orthodeoxia).25 Shunting via a PFO
should always be considered in patients with unexplained
cyanosis and in the most severe cases may require closure
of the PFO.

Methods of detection
Visual inspection at surgery or necropsy is the only defin-
itive means of diagnosing a PFO. There are also several
clinical diagnostic tests. A PFO may be found during
right heart catheterisation if the catheter passes into the
left atrium. In those in whom desaturation is believed to
be caused by shunting across a PFO return of arterial sat-
urations to normal when the balloon at the catheter tip is
inflated and pulled back against the atrial septum con-
firms the site of the shunt.27 This will not distinguish
between a PFO and a small secundum atrial septal
defect. However, atrial angiograms that show the inter-
atrial septum in profile will often identify the lesion. A
left atrial angiogram should show no contrast passing into
the right atrium unless there is a stretched PFO, and a
right atrial angiogram may show movement of the flap of
the PFO.25

Indicator dilution curves can show the presence of a
right-to-left shunt but not its nature, though localisation
to the atrial level is possible if injections are made proxi-
mal and distal to the site of the shunt.8 This invasive pro-
cedure, however, cannot exclude a PFO. Magnetic
resonance imaging has been used to assess atrial septal
defects28 but its value in the detection of a PFO is
unknown.
The best imaging method for PFOs is contrast

echocardiography. It is usually necessary to perform sev-
eral studies, but sensitivity is increased when contrast
studies are combined with a cough or Valsalva or equiva-
lent manoeuvres, and increased further by trans-
oesophageal contrast and colour-flow map studies.29-" In
certain clinical situations, transoesophageal echocardiog-
raphy has the potential advantage of showing proximal
pulmonary artery thrombus.'2 The transoesophageal
technique provides high definition images of the valve of
the foramen ovale and the surrounding septal tissue and
can help to distinguish between a PFO and an atrial sep-
tal defect. This can be difficult when there is important
left heart pathology because a widely patent PFO caused
by stretching of the valve may be impossible to distin-
guish from a septal defect.'2 Under these circumstances,
however, paradoxical events are less likely because left-
to-right shunting dominates.

Shunts can also be detected by transcranial Doppler
examination of the middle cerebral artery during periph-
eral venous injection of contrast, but the technique does
not distinguish between cardiac and pulmonary shunts.'4

Quantification of the shunt
There is no proven method of quantifying the shunt
across a PFO. There are many difficulties in this. With a
stretched PFO and left-to-right shunting oximetric meth-
ods can be applied, as with atrial septal defects. However,
quantification in the usual clinical setting of right-to-left
shunting is usually impossible, not least because shunting
is intermittent. The bubble counting method'0 is only
semi-quantitative and has not been validated. The vari-
ability of the technique with and without provocative
manoeuvres is not known. Other techniques have not
been fully evaluated. Pulse oximetry provides a method
of evaluating desaturation, but this may prove useful only
in patients with the largest right-to-left shunts.
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Treatment
For patients who have had a stroke there are no agreed
methods of management. The natural history of stroke in
association with a PFO is unknown and therefore the
influence of treatment is uncertain. There are several
options, all of which have been tried in individual
patients. These include doing nothing, prescribing
aspirin or warfarin, insertion of inferior vena cava filters,
and closure of the PFO. Until more information is avail-
able each case requires individual management.
Thus anticoagulation is appropriate for patients with

definite paradoxical embolism and deep vein thrombosis
and pulmonary embolism, but the duration depends on
the clinical situation. An inferior vena cava filter or liga-
tion or closure of the PFO can be used, especially if the
patient has had recurrent events while being treated with
anticoagulants. It is more difficult to decide the most
appropriate treatment when a stroke occurs in a patient
without evidence of venous thrombosis. Even in young
patients with a PFO and no other identifiable cause of
stroke it is not possible to be certain that paradoxical
embolism was responsible. We recommend treatment
with oral anticoagulants but also discuss the option of
closure of the PFO. Closure is appropriate if the events
recur and there are relative contraindications to anticoag-
ulants or if the patient prefers closure to lifelong treat-
ment with anticoagulants. Until recently this meant
surgical closure, but percutaneous closure with a double
umbrella or clam-shell device is now feasible in some
individuals,35 depending on the size and anatomy of the
PFOA6 So far the results with such devices suggest that
they are an attractive option because the closure proce-
dure is less invasive. Where deep vein thrombosis is pre-
sent care must be taken to avoid dislodging more
thrombus. Multicentre studies should be set up to com-
pare the results of these therapeutic options.

Patients with significant desaturation may need closure
of the PFO. Percutaneous closure seems particularly
attractive in patients who have desaturation as a compli-
cation of lung resection, because the risk of open heart
surgery is high. Temporary closure with a balloon-tipped
catheter is sometimes valuable when right-to-left shunt-
ing complicates acute haemodynamic events, such as
myocardial infarction.37 Divers who want to continue
their sport without restriction may prefer closure too.

Implications and recommendations for diving and
other activities
Should all patients with non-haemorrhagic stroke have a
transoesophageal contrast echocardiogram? There are
many reasons why the answer should be no. If the com-
puted tomogram shows a lacunar infarct, embolism is
unlikely to be the cause. Many patients with stroke are
older and have readily identifiable causes such as valve
disease or atrial fibrillation. Management may not be
influenced by finding a PFO. However, we believe that
young patients with no identifiable cause of stroke should
be investigated, and if a PFO is found (particularly if
there is a grade 2 or 3 shunt on contrast studies) the ther-
apeutic options should be discussed. The role of venogra-
phy in such patients needs further evaluation, particularly
because the procedure can dislodge thrombus and initi-
ate new thrombus formation.

Certainly all patients with unexplained breathlessness
and cyanosis or oximetric evidence of desaturation (even
when this is intermittent) should be investigated by con-
trast echocardiography with a view to closure.

Lastly, should all subaqua divers be screened for a
PFO? This is impractical. There are over 50 thousand

scuba divers in the United Kingdom and over a quarter
of a million in the United States. Decompression sickness
is rare (about 100 cases annually in the United
Kingdom) in terms of the population at risk. Some divers
with a PFO never suffer decompression sickness and it
would be unreasonable to prevent them diving. There are
other aetiological factors in decompression sickness, such
as the dive profile and the size of the shunt. Until we can
determine precisely which individuals with a PFO are at
risk, we can only test those who have decompression
sickness for the presence of a PFO. If a PFO (or other
right-to-left shunt) is found this does not necessarily
mean closure or a ban on all future diving. It seems that
in such cases only certain dive profiles will precipitate
decompression sickness. Perhaps the best hope of reduc-
ing decompression sickness is to ask all divers to avoid
the high risk profiles.
Huddersfield Royal Infirmary, Lindley,
Huddersfield, Yorkshire HD3 3EA

South Cleveland Hospital, Marton Road,
Middlesborough, Cleveland TS4 3BW
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Advice to authors

Indexing the British Heart Journal: choice of keywords

From 1994 there will be a change in the method of
indexing subjects in the British HeartJoumnal. In addition
the author index will no longer include the title of the
paper and will become a list of authors only. Papers and
proceedings will be indexed by a keyword system, and
authors of papers and proceedings will be asked to
choose up to three keywords for each paper at manu-
script stage, which will then contribute to the compila-
tion of an annual index. A keyword is a word (or phrase)
which will identify the subject matter of a written paper
or proceeding in an index. The index will be published,
as usual, at the end of each volume, in the June and
December issues. The format will be different, with the
title of the paper repeated after each keyword on every
entry.
On the surface, choosing index headings does not

appear to be difficult. Medicine, however, because of its
synonyms, phrasal headings, proprietary and pharmaceu-
tical names of drugs, syndromes, latin words, and
assorted lay terms produces problems of its own.
Examples include whether to use cardiac or heart failure;
pulmonary or lung; ventricle, left, or left ventricle;
angina, Prinzmetal or Prinzmetal angina; and problems
with ischaemic heart disease, myocardial ischaemia, and
related diseases abound.
An index should be constant. It is not good if half the

entries are under Left ventricle and the other under
Ventricle, left, and whereas it is reasonable to make some
decisions about the entries that can be anticipated,
authors will not know what other work is being pub-
lished, or under what titles, in the same volume. The
keyword will be chosen at the earliest stage of publication

not at the latest as it is now, and as each article will be
dealt with in isolation there will be no links between
articles of like subject matter.

Authors are advised to scan their papers for headings
that may not be in the title, to use British approved
names rather than pharmaceutical names for drugs, and
to avoid general terms such as clinical, complications,
adverse effects, and patient. As the subject of the journal
is "Heart" it is better not to use this as a heading, with a
few exceptions such as Heart transplantation, Heart fail-
ure, Heart rate. In general, it is better not to split
accepted concepts. For instance, Atrial septal defect is
preferable as a keyword, rather than Defect, atrial septal.
Some shortened forms can be accepted. DNA, AIDS,

HIV, and cAMP are universally known and are the terms
that will spring to the mind of a reader using the index.
But generally the full form should be used as the
keyword. Alphafetoprotein and Alpha and Beta receptor
blockade are the usual terms and gamma-aminobutyric
acid is indexed under GABA, but the Greek letter is
generally not used in alphabetisation. Put all Ventricular
entries under Ventricle, and use Heart failure rather than
Cardiac failure, Aortic arch rather than Arch, aortic, but
Cardiomyopathies under the specific type. There will be
no cross references in the keyword index.

This cannot be more than an attempt to guide authors
and perhaps to warn of the pitfalls, but it is important to
remember that if authors wish to have their work found
easily in the index they should consider the keywords
carefully.

DOREEN BLAKE
Indexer

BMJ Publishing Group
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