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Patent Foramen Ovale and Transcranial Doppler
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Patent foramen ovale (PFO) is an anatomical heart condition causing, mostly without symptoms, a right-toleft shunt (RLS) through the atrial septum, at level of the fossa ovale (1). In some cases, and via different
mechanisms, PFO may be responsible for different pathological conditions. The PFO-related syndromes
may be caused by paradoxical embolism or by toxic action on organs like the brain, from substances in the
venous blood not properly filtered by the pulmonary circulation (2). Cerebral ischaemia and migraine (with
aura particularly) are the most frequent PFO-related syndromes (3-13). Less frequent, but not less important in the clinical context, are peripheral embolisms (myocardium or limbs) (14), platypnoea-orthodeoxia
(15), diver’s embolism (16) and embolism during neurosurgery in the sitting position (17).
Contrast trans-oesophageal echocardiography (c-TEE) is considered the gold standard for diagnosis of
PFO. It makes it possible to display the atrial septum, atrial cavities, the arrival of contrast medium after intravenous bolus administration and its RLS through the PFO (17). This method allows us to highlight an
atrial septum aneurysm and to distinguish PFO from other anatomical conditions that cause left-to-right or
bi-directional shunt, like defects and inter-atrial communications. A RLS is usually defined intra-cardiac
when contrast microbubbles in the left atrium appear within three cardiac cycles of their appearance in the
right atrium. Once this threshold is exceeded, we have to suspect an extra-cardiac shunt, like an arteriovenous fistula.
Due to the capacity of transcranial Doppler (TCD) to detect transiting particles with acoustic impedance different from that of blood in cerebral arteries, a RLS can be diagnosed with this tool (20-24) (Fig. 1). The
TCD methodology in this field was standardised during the Consensus Conference in Venice in 1999 (25).
It involves injecting, into an antecubital vein, a bolus consisting of a mixture of 0.9% saline solution and air
(respectively 9 cc and 1 cc), obtained by passing them repeatedly between two syringes connected by a 3way stopcock. It is appropriate to add about 0.5 cc of the patient’s blood in order to obtain a more stable
mixture.
Usually microbubbles are destroyed in their first pulmonary passage, as their diameter is greater than the

Fig. 1 - Contrast transcranial colour-coded Doppler detecting a high RLS at rest (high grade permanent shunt).
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lumen of pulmonary capillaries. For this reason, no microembolic signal (MES) is detected in the cerebral
arteries. On the contrary, in the presence of a PFO, some microbubbles jump the pulmonary filter and can
be detected in form of MESs in the cerebral arteries (preferably the Doppler signal of the middle cerebral
artery is monitored). These MESs are characterised by high intensity, unidirectionality, short duration (usually less than 300 msec.) and a typical noise (“chirping”) (26).
The examination is performed in basal conditions (patient at rest in the supine position) and, if negative,
during the Valsalva manoeuvre (VM), in order to display a shunt not present at rest. Before test it is a good
idea to train the patient in the proper execution of the VM and to monitor its effectiveness as progressive
changes in peak flow velocity on Doppler spectrum. As established by the Consensus Conference group
(25), the VM should start 5 seconds after the start of exposure to the contrast medium and should last 10
seconds. In daily clinical practice, however, it is noted that few patients are able to perform such a long VM.
In our experience, and as reported by other authors (27), consistent results can be achieved with a shorter duration (5 seconds). On the basis of the number of MESs detected by TCD, we can classify the RLS
as “mild”, “medium” or “high”, if there are, respectively, ≤ 10 MESs, >10 MESs without curtain (MESs individually countable on Doppler spectrum) and > 10 MES with curtain (MESs in such a number that they cannot be counted separately on Doppler spectrum, forming a continuum of increased signal). The RLS is also defined “permanent” if it is already present at rest and “latent” if it appears only after the VM. In doubtful cases (clinical history highly suggestive of PFO, but absent or not significant shunt), the test can be repeated in the standing position. In this way, there is more chance that a shunt will appear. But, in other cases, the reverse has been found.
The time between the start of the intravenous bolus exposure and the appearance of MESs is indicative of
the route that microbubbles take to the cerebral arteries. In the case of a RLS through a PFO, this time is
about 11 seconds. In the presence of a longer time (around 14 seconds) we would have to suspect an extra-cardiac shunt (e.g. pulmonary arteriovenous fistula). However, this difference, reported by Horner et al.
(27), did not reach statistical significance. According to the Consensus Group (25), there is no unfailing cutoff time for distinguishing a cardiac from an extra-cardiac shunt.
If persistence of an opened foramen ovale is considered important for the passage of emboli from the venous circulation, a critical factor is undoubtedly the amount of blood reaching the brain. The greater the
amount of blood flowing through the PFO and bypassing the pulmonary filter, the higher the probability of
a clot reaching the brain. However, the amount of shunt reaching the brain does not always correlate with
the size of the PFO measured with echocardiographic methods, primarily because there is no certain
method for this measurement (2D measurement or measurement based on the number of bubbles appearing in the left atrium after contrast medium exposure). Moreover, 2D measurement tends to underestimate
the size of PFO compared to balloon intra-cardiac measurements. This method also correlates with semiquantitative c-TEE measurement only if the contrast medium is injected through the femoral vein (28). The
amount of blood that is really diverted to the brain, under the same size of PFO, thus depends on other factors, like the orientation of the ostium cavale in the right atrium, the persistence of the Eustachian valve and
the anatomy of the supraortic trunks. Hence the magnitude of the shunt should be measured directly in the
cerebral arteries. The importance of quantification of shunt is reinforced by the observation that is precisely the magnitude of the shunt measured by TCD with contrast medium (c-TCD) that emerges as the main
variable related to stroke (29) and its recurrence (30).
As established by the Consensus Conference (25), the classification of shunt is as follows: level I) no
MES detected (no shunt); level II) 1-10 MESs (mild shunt); level III) > 10 MESs without curtain (medium
shunt); level IV) > 10 MESs with curtain (high shunt). As mentioned above, the shunt is also defined as
“permanent” or “latent”, according to its appearance at rest or after the VM. By combining the 4-level
shunt classification with the definition of the type of shunt (latent or permanent) it is possible to obtain a
semi-quantitative six-level classification that more accurately reflects the “global entity“ of the shunt: 0)
absent, 1) mild latent, 2) medium latent, 3) high latent, 4) medium permanent, 5) high permanent (31).
This classification provides a practical tool for comparing data and allows us to relate the shunt to patient clinical risk.
Although we still consider c-TEE the gold standard for diagnosing PFO, several observations support the
conclusion that c-TCD and its recent evolution contrast transcranial colour-coded Doppler (c-TCCD) are
techniques with adequate specificity and high sensitivity for this purpose. Various studies comparing these
two methods have shown, for c-TCD, a sensitivity close to 100% and a specificity ranging from 60% to
100%. The benefits of c-TCD compared with c-TEE are: non-invasiveness, greater reliability of results in
cases that require the VM (not always easy to perform for patients with a transoesophageal probe), and the
ability to quantify the shunt directly in the target organ (the brain). The importance of quantification of RLS,
reliable with c-TCD and less accurate with c-TEE, is demonstrated by a direct relationship between the enFunctional Neurology 2009; 24 (Supplement 1): 7-71
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tity of the shunt measured by c-TCD and the risk of cryptogenic stroke (higher in patients with high grade
shunt) (29,30). The main limitation of c-TCD is the difficulty to distinguish correctly the site of the shunt (3235). In our and other institutions (30,36), c-TCCD is the first step when looking for PFO in patients with cryptogenic stroke and/or migraine with aura. It also contributes, through direct evaluation of the shunt in the
target organ, to patient risk stratification; is also the best method for detecting residual shunts in patients
undergoing percutaneous closure of PFO (37).
In cases of positive RLS, combining a trans-thoracic echocardiogram (TTE) and c-TCCD, almost completely fills the c-TCCD specificity gap compared to the gold standard. In this way, it is possible to diagnose a
PFO with high diagnostic accuracy, avoiding patient discomfort. Basically, data concerning the presence or
absence of the shunt and its entity can be obtained from c-TCCD and findings about the fossa ovale anatomy from TTE. c-TEE is mandatory in doubtful cases, with a poor thoracic window and when a clinical history indicates percutaneous closure of PFO (pre-operative fossa ovale anatomical study) (38,39).
Is desirable that c-TCD and c-TCCD be employed not only to look for RLS in routine clinical practice, but
also in future clinical trials exploring the natural history of patients with stroke-related PFO or comparing different treatments for PFO.
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