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We attempted to clarify the usefulness of transesophageal echocardiography performed
using a standardized Valsalva maneuver to detect the presence of a patent foramen ovale
in Japanese patients with ischemic stroke. Four hundred ninety six patients with isch-
emic stroke who were admitted to the Yokohama City Brain and Stroke Center between
September 1999 and February 2002 were enrolled for the study. All the enrolled patients
underwent transesophageal echocardiography with contrast injection and color Doppler
imaging. During the procedure, a standardized Valsalva maneuver was performed to
induce right to left shunting through a patent foramen ovale. Other related structural
abnormalities, such as atrial septal aneurysm and the Chiari network anomaly, were also
detected by the test. Transesophageal echocardiography without the Valsalva maneuver
revealed a functional right to left communication in only 8.2% of the ischemic stroke
patients, whereas the procedure conducted using a standardized Valsalva maneuver to
provoke shunting revealed a patent foramen ovale in 15.3% of the patients. The presence
of an atrial septal aneurysm or the Chiari network anomaly was not sensitive or specific
enough to predict the presence of a patent foramen ovale as diagnosed by transesopha-
geal echocardiography using the standardized Valsalva maneuver. Our results suggest
that the standardized Valsalva maneuver is a safe and useful technique to detect the
presence of a patent foramen ovale, which is potentially known to be associated with
paradoxical embolism.
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INTRODUCTION

Even after extensive evaluation, the cause of
ischemic stroke can be clarified in only about
a half of the patients with ischemic stroke [1].
Recent investigations suggest the potential role
of a functional right to left communication
through a persistently patent foramen ovale
in the development of paradoxical embolism,
including that associated with ischemic stroke
[2-6]. While the contribution of a patent
foramen ovale in the onset of stroke remains

speculative, its role may be strongly suspected
when the onset of the stroke is associated
with conditions causing elevation of the right
atrial pressure, such as with diving, or in the
case of young patients without evidence of
progressive atherosclerosis [2-6]. On the other
hand, autopsy studies have revealed that more
than 25% of normal adult subjects show a
potentially patent foramen ovale, the size
tending to increase with age [7].
Transesophageal echocardiography,
which enables us to visualize the left and
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right atria more clearly than transthoracic
echocardiography, is a highly useful procedure
for the detection of a patent foramen ovale.
The reported incidence of patent foramen
ovale varies from one report to another;
ranging from 10% of the population [8]
to more than 25% of the population [9].
Sensitive detection of a patent foramen ovale
is crucial, even if it generates right to left
shunting only under extreme conditions,
such as during strong compression of the
abdomen, because paradoxical embolism
potentially causing ischemic stroke could
occur under extremely unusual conditions,
such as during diving [10], and it can now be
prevented by appropriate medical or surgical
treatment, including antithrombotic therapy
[11], operative closure [12] or catheter-derived
closure techniques [13-15].

In the present study, we tested the
usefulness of abdominal compression
during transesophageal echocardiography
for detecting a patent foramen ovale
that could not have been demonstrated
by conventional transesophageal
echocardiography with contrast injection.
Since this study was conducted at a single
institute, all the procedures, including
abdominal compression, could be strictly
standardized. We showed in this study that
a patent foramen ovale could be detected in
only less than a half of the cases without a
maneuver to provoke the shunting. We also
showed that the presence of other structural
abnormalities known to be associated with
a patent foramen ovale, such as an atrial
septum aneurysm [16, 17] or the Chiari
network anomaly [18], was neither sensitive
nor specific enough to predict the presence
of a patent foramen ovale. Our study results
suggest that the incidence of patent foramen
ovale in the Japanese population is similar
to the previously published incidence of this
condition in Caucasians [7].

METHODS

Patient Population

We enrolled 496 patients with ischemic
stroke who were admitted to the Yokohama
City Brain and Stroke Center between
September 1999 and February 2002 for
this study. The study was conducted in
compliance with the Declaration of Helsinki,
and informed consent was obtained from
all of the enrolled patients prior to their

participation in the study. Of the total, 155
patients were female and 341 were male.
Thirty-three (33%) percent of the patients
had a history of at least one episode of
paroxysmal atrial fibrillation. More than 98%
of the episodes of atrial fibrillation had been
confirmed by 12-leads electrocardiography
or ambulatory ECG. The mean age of the
patients with a history of atrial fibrillation
was 69 £9, which was significantly higher
than the mean age of the patients who were
in sinus rhythm, which was 60 =9 (p = 0.0002
by Student’s unpaired t-test).

Detection of Patent Foramen Ovale by
Transesophageal Echocardiography

All the enrolled patients underwent
transthoracic as well as transesophageal
echocardiography (Acuson Sequiabl2,
Siemens, Germany), performed by
experienced sonographers according to
the following procedure. Transthoracic
echocardiography was performed according
to the clinical guidelines published by the
American Heart Association [19]. Then,
transesophageal echocardiography was
performed under sedation of the patient by
intravenous injection of flunitrazepam (2 mg).
All the patients were initially screened for
the presence of any structural abnormalities,
such as valvular deformities, atrial septal
aneurysm, or the Chiari network anomaly,
using a 5-MHz multiplane transducer (TE-
V5M) The presence of right to left shunting
was examined by the injection of saline
containing air-bubbles, according to a
previously published procedure [19]. The
standardized Valsalva maneuver, which
was executed by hand compression of each
patient’s abdomen by the same technician
using the same protocol, was applied in
all patients to induce transient right to left
shunting through a patent foramen ovale.
The results were recorded on VHS videotapes
for later evaluation.

The presence of right to left shunting was
defined by the appearance of at least three
microbubbles in the left atrium within three
cardiac cycles after complete opacification
of the right atrium. The diagnosis of atrial
septal defect was established based on
direct visualization of a septal defect by
transesophageal echocardiography and the
recording of turbulent left to right flow across
the defect by color flow Doppler imaging.
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Table 1 Right-to-Left Shunting Through a Patent Foramen Ovale Detected by
Transesophageal Echocardiography with or without a Standardized Valsalva

Maneuver.
Sinus Rhythm (n =334) Atrial Fibrillation (n =162)
PFO + PFO — PFO + PFO —
Without VM 30 304 12 150
With VM 50 30 132

PFO+: Number of patients with right to left shunting as defined in the main text. PFO
—: Number of patients in whom no right to left shunting was detected. VM: standardized
Valsalva maneuver as described in the Methods section.

Other Structural Abnormalities Detected
by Transesophageal Echocardiography
Other structural abnormalities that
could potentially be associated with
thromboembolism, such as an atrial septal
aneurysm and the Chiari network anomaly,
as well as left atrial thrombi, a well-known
risk factor for thromboembolic events,
were also diagnosed by transesophageal
echocardiography, as follows; interatrial septal
aneurysm was diagnosed when the atrial
septum bulged 11 mm or more into one or
the other atrium, or both [20]; Chiari network
anomaly, a remnant of the septum spurium
and the right valve of the sinus venosus,
resulting from incomplete resorption of these
structures, which is often associated with a
patent foramen ovale, was diagnosed as the
presence of striated abnormal echo shadow
in the right atrium [21]; left atrial thrombi,
detected as the presence of abnormal echo
with specific characteristic, which were also
diagnosed according to the criteria [22].
Since an atrial septal aneurysm [16, 17] and
the Chiari network anomaly [18], which
can be easily diagnosed by transesophageal
echocardiography, have been described in a
previous report to be frequently associated
with the presence of a patent foramen ovale,
we tested the predictive value of the presence
of these structural abnormalities for the
diagnosis of a patent foramen ovale.

Statistics

The numerical results were expressed
as mean = SD, unless otherwise specified.
Differences between two groups of data
were tested by the chi-square analysis, unless
otherwise stated. A p value of less than
0.05 was considered to denote statistical
significance.

RESULTS

Right to Left Communication through a
Patent Foramen Ovale

Conventional transesophageal echocardio-
graphy performed without the Valsalva
maneuver revealed functional right to left
shunting in only 8.2% of the patients in this
study (Table 1). In other words, right to left
shunting through a patent foramen ovale
was detected in only 12 of 162 patients with
a history of atrial fibrillation and 30 of 334
patients with sinus rhythm, in the absence of
any provocation of shunting. There was no
significant difference in the rate of detection
of shunting with a history of atrial fibrillation
and that with sinus rhythm. With provocation
of shunting by the standardized Valsalva
maneuver, the percentage of detection of
right to left shunting increased significantly
from 8.2% to 15.3% (p<0.01), that is, at
least 18 of the 162 patients with a history of
atrial fibrillation and 20 of the 334 patients
with sinus rhythm had hidden right to left
shunting through a patent foramen ovale,
which was not evident without provocation
by the Valsalva maneuver. The number of
patients detected to have a patent foramen
ovale increased significantly with provocation,
both among patients with a history of atrial
fibrillation (p =0.00027) and among those
with sinus rhythm (p = 0.0021).

Other Structural Abnormalities Detected
by Transesophageal Echocardiography
More than 70% of patients with a history
of atrial fibrillation had detectable left atrial
thrombi. The number of patients detected
to have structural abnormalities that may be
potentially associated with thromboembolism,
such as an atrial septal aneurysm or the
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Table 2  Other Structural Abnormalities Detected by
Transesophageal Echocardiography
Sinus Rhythm Atrial Fibrillation
ASA 70 11
Chiari 42 25
Total Number 334 162

ASA: Atrial septal aneurysm, Chiari: Chiari network anomaly.

Chiari network anomaly, is shown in Table
2. The presence of an atrial septal aneurysm
predicted the presence of a patent foramen
ovale, including those cases in which the right
to left shunting could be detected only after
provocation, with a sensitivity and specificity
of 0.53 and 0.48. The sensitivity and
specificity of prediction were even lower when
the presence of the Chiari network anomaly
was used as the predictor. The accuracy of
the prediction based on the presence of an
atrial septal aneurysm and the Chiari network
anomaly was 0.33, and 0.44, respectively.

DISCUSSION

We have shown here that conventional
transesophageal echocardiography with
contrast injection and color Doppler flow
imaging allowed the detection of a patent
foramen ovale in only less than a half of
the cases. Our results also demonstrated that
the predictive value of presence of structural
abnormalities known to be associated with
a patent foramen ovale, such as atrial septal
aneurysm [16, 17] or the Chiari network
anomaly [18], is neither specific nor sensitive
enough for accurate prediction of the
presence of a patent foramen ovale. Our
study results suggest that provocation of right
to left shunting by an appropriate method,
such as a standardized Valsalva maneuver,
during transesophageal echocardiography,
is probably the most appropriate method
for the detection of a patent foramen ovale,
which can be a potential cause of paradoxical
embolism.

To date, there are no autopsy-based reports
of the incidence of patent foramen ovale in
Japanese patients. If it can be assumed that
the incidence of a patent foramen ovale in the
Japanese population is similar to that reported
previously for Caucasians [7], our results
would suggest that even by transesophageal
echocardiography conducted with provocation

of right to left shunting, a patent foramen
ovale can be detected in only 60% of the
patients. Nevertheless, the true sensitivity
and specificity of our method cannot be
estimated without a precise knowledge of
the anatomic incidence of patent foramen
ovale in the Japanese population. Indeed, a
previous study suggested that the incidence
of patent foramen ovale may be influenced
by the racial origin of a population [23].
On the other hand, we speculate that a
functional patent foramen ovale with right to
left shunting as demonstrated by the method
described in our study might be a more
appropriate indication for treatment than
pathologically or anatomically defined patent
foramen ovale, because not all of the cases
with an anatomically defined patent foramen
ovale show right to left shunting which
is potentially associated with paradoxical
embolism.

While we included only patients with
ischemic stroke in this study, it was difficult
for us to identify the cause of the stroke in all
the cases. Indeed, most of the patients were
old enough to have atherosclerotic plaques,
which can cause not only atherothrombotic
stroke, but also so-called lacunar infarction.
Moreover, it would be reasonable to suppose
that most of the patients might have had
episodic arrhythmia, which can be a cause
of cardiogenic emboli, regardless of whether
or not the arrhythmia can be clinically
documented. In fact, there were no patients
specifically suspected to have paradoxical
embolism among our enrolled cases. However,
we must also emphasize here that the possible
contribution of paradoxical emboli cannot
be completely excluded in any of the cases,
especially in those with concealed right to left
shunting through a patent foramen ovale.
These patients might have benefits from
medical or surgical treatment. Indeed, there
are many studies that have demonstrated the
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preventive effects of anticoagulants against
ischemic stroke. Although many investigators
believe that these preventive effects are
attributable to the prevention of thrombus
formation in the left atrium or in the arterial
circulation, there is still the possibility that
certain percentage of the patients might
derive the benefits of such treatment from
the prevention of venous thrombosis and
paradoxical embolism. In a group of patients
selected based on a strong suspicion of
paradoxical embolism, obvious benefits of
closure of a patent foramen ovale, either by
the transcatheter technique [13, 24] or by
surgical closure, have been reported [25, 26].
Recent progress in the trascatheter tecnnique
[27] might allow future clinical studies to
demonstrate the exact role of right to left
shunting in the onset of ischemic stroke of
unknown cause, and the true importance of
accurate detection of potential right to left
shunting through a patent foramen ovale can
then be clarified.
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