Patent foramen ovale morphology and
stroke size

Evaluation of: Akhondi A, Gevorgyan R, Tseng CH et al.: The Association of patent foramen ovale
morphology and stroke size in patients with paradoxical embolism. Circ. Cardiovasc. Interv. 3, 506-510
(2010). This paper evaluated the relationship between the morphological characteristics of the patent
foramen ovale using echocardiography compared with cerebral infarct volume identified on MRI.
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Akhondi ez al. have evaluated the relationship
between patent foramen ovale (PFO) morphol-
ogy and stroke volume [1]. Since there is no
blood flow through the fetal lungs, the foramen
ovale serves as an indispensable component that
permits the passage of oxygenated blood from
the right atrium into the left atrium. In the
majority of individuals, the septum primum
and secundum fuse soon after birth. However, a
small communication, PFO, may persist in the
region of the fossa ovalis in 15-35% of individ-
uals [2-5] and serves as a conduit for paradoxical
embolization, considered as a possible etiology
for stroke in young patients with cryptogenic
stroke [6]. However, whether the anatomic size
of the PFO, the degree of the interatrial right-
to-left shunt (RLS), concomitant atrial septal
aneurysm (ASA) or the presence of a hyperco-
agulable state, alone or in combination, deter-
mines the highest risk of thromboembolism,
remains uncertain [78]. A large-sized PFO,
defined as greater than or equal to 2 mm in
septal separation [9], has been demonstrated
to be more frequent in patients with embolic
strokes and PFO size greater than or equal to
4 mm is said to be an independent risk factor
for recurrent cerebrovascular events [10].

Methods

This retrospective study included 72 patients
with cryptogenic stroke managed at a tertiary
center. MRI and transesophageal echocardio-
graphic (TEE) findings were available for all
the cases. Furthermore, extensive investigations
were performed to exclude potential etiologies
of stroke. TEE images were analyzed for the
presence of the PFO, its length and its height
of opening during the cardiac cycle. Additional
cardiac structural abnormalities that were
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noted include the thickness of the septum
secundum, excursion of the atrial septum into
the right and left atria and the presence of an
ASA. A saline bubble study was used to evalu-
ate the degree of RLS. Semiquantitative RLS
grade was determined, both at rest and after
valsalva maneuver, in 26 patients with tran-
scranial Doppler (TCD) saline bubble study
results [11]. The authors analyzed whether any
of the structural (TEE) or functional (TEE and
TCD) parameters correlated with MRI stroke
volumes and distribution using the Spearman
correlation coefficient, two-sample t-test or the
Wilcoxon rank sum test.

Results

The average age of the study subjects was
49.0 + 16.0 years and 60% of the study popula-
tion were male (43 patients). Only 13 patients
were found to have hypercoagulable condi-
tions. Anterior cicrculation infarcts were noted
in 46 (64%) patients followed by posterior cir-
culation territories in 20 (28%) patients. MRI
showed infarcts in both anterior and posterior
vascular territories in six (8%) patients. The
median RLS grade on TEE was 2.0 (inter-
quartile range: 1-3). ASA was detected in 12
(16.7%) patients. Although the majority (74%)
of the PFOs were observed to have a left-to-
right shunt on Doppler imaging, an agitated
saline bubble study demonstrated the presence
of RLS in 32 (45%) patients, which increased
to 89% during the valsalva maneuver. It is
important to note that ASA was detected in
only 12 (16.7%) patients.

The most significant finding of this study
was the significant relationship between the
PFO size (as determined by the total sep-
tum excursion distance on TEE) and stroke
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volume on diffusion-weighted (p = 0.02) and
T2-weighted (p = 0.005) MRI sequences.
Another significant difference was observed
between stroke volume and vascular territory,
larger-volume strokes in the anterior circula-
tion territory compared with the posterior cir-
culation. Otherwise, no significant correlation
between the TEE structural (PFO height and
length and septum secundum thickness) or
functional (bubble grade) parameters and the
stroke volume on MRI existed. Interestingly,
there was no correlation between TCD RLS
grade and stroke volume with MRI.

Significance

This study contributes new information to our
understanding about the etiopathogenic rela-
tionship between PFO and paradoxical cerebral
embolization. Previous studies have demon-
strated that patients with paradoxical emboliza-
tion have larger PEOs compared with controls,
as assessed by contrast transthoracic echocar-
diography (12}, TEE (13-16], TCD [17.18] or cardiac
catheterization [19]. In addition to the size of the
PFO, patients with cryptogenic strokes demon-
strate RLSs of higher grades [20.21]. Furthermore,
it is believed that the anatomic size of the PFO
might increase during the larger excursions of
the atrial septum in patients with ASA. Such
a phenomenon would increase the functional
grade of RLSs and enhance the risk of recurrent
embolic events [2,9,13].

The important question that remains uncer-
tain and unanswered is whether the larger
‘structural’ or ‘functional’ PFOs, with or with-
out ASA, are associated with paradoxical embo-
lization of larger emboli and larger infarcts.
Bonati ez al. made the first attempt to address
this question. In a study of 48 patients, they
demonstrated that the combination of PFO
plus ASA was associated with a higher likeli-
hood of multiple ischemic lesions than PFO
alone (p = 0.04). Although the PFO size was
not associated with significant differences in the
number of diffusion-weighted imaging lesions
(p = 0.77), patients with large PFOs demon-
strated a tendency of suffering from larger cere-
bral infarcts (p < 0.06) [22]. These findings could
be interpreted to conclude that the absolute size
of the PFO determined the size of the embolus
traversing through it, while the presence of ASA
increased the chances of paradoxical emboliza-
tion, irrespective of the size of the PFO. This
mechanism was proposed by De Castro ez al.,
where increased mobility of the interatrial sep-
tum was believed to enhance the probability of
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paradoxical embolism, by mechanically direct-
ing blood flow from the inferior vena cava
through the PFO into the left atrium [23]. The
claim by Akhondi er al. that this was the first
study to establish the close relationship between
the infarct size and the size of the PFO appears
reasonable [1]. Perhaps, Bonati ez 4/. attempted to
evaluate the same relationship, but were unsuc-
cessful owing to the insufficient sample size and
measuring the diameter of the cerebral infarcts
instead of the volume [22].

A higher frequency and the larger size
of strokes in the anterior circulation than
in the posterior circulation constitutes one
of the intriguing findings of this study [1].
Conventionally, posterior circulation territo-
ries are believed to be more involved in embolic
strokes [24]. To some extent, the findings by
Akhondi er al. regarding stroke distribution
make sense since the size of the stroke is deter-
mined by the size of the thrombus and large
thrombi can only travel through larger PFOs
and larger arteries [1]. The authors believed
that the interplay of morphological and func-
tional parameters and the size and frequency of
venous thrombosis determines the dynamics of
embolization through the PFO p2s).

One of the most surprising findings of this
study is the lack of correlation between the
functional grades of RLS by TEE or TCD with
the size of the infarcted territory. Since cerebral
embolization of the paradoxical thrombus is the
underlying mechanism for ischemic stroke, ‘func-
tional grading’ of the PFO assumes immense
importance. Furthermore, ‘anatomical grading’
of the PFO may not always be equivalent to its
‘functional grading’, owing to the interplay of
various dynamic factors during the cardiac cycle.
Jeserum ez al., in a study of migraine patients,
demonstrated that migraineurs have higher RLS
grades on TCD despite showing similar atrial
septal characteristics on intracardiac echocar-
diography [26]. Although TEE is considered the
gold standard for diagnosing PFO, it is often
poorly tolerated by the patients, mostly owing to
sedation [27]. Moreover, placement of endoscope
in the throat affects patients’ abilities to perform
adequate valsalva maneuvers and, hence, the inac-
curate assessment of the functional grading of the
RLS by TEE could be responsible for the negative
correlation observed by Akhondi ez 4/. (1. On
the other hand, only a small number of patients
(27) underwent TCD evaluation for RLS grad-
ing, possibly accounting for the negative correla-
tion. TCD is a reliable technique compared with
TEE and has been reported to have comparable
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sensitivity and specificity [28,29]. TCD does not
require sedation, impair subjects’ capabilities of
performing sufficient valsalva maneuvers and can
be performed in different body positions to delin-
eate the highest functional grade of the RLS. Our
group has recently reported the safety and feasi-
bility of an expanded contrast TCD protocol for
detection of RLS by performing the test in dif-
ferent body positions [30]. We demonstrated that
changing body position with repeat injections
of saline contrast was well tolerated and could
increase the grading of the RLS. An increased
number of microbubbles traversing the PFO in
the sitting position may be related to its anatomy
(in addition to its morphological characteristics),
located anteriorly and superiorly in the right
atrium. The sitting position may cause micro-
bubbles to rise faster in the right atrium because
of their buoyancy and the increased opening of
the shunt flap could permit a larger number of
microbubbles to cross the RLS.

In conclusion, this study suggests that PFO
size and morphology alone may not serve as reli-
able parameters for therapeutic decision making,.

Study limitations

As acknowledged by the authors, the retro-
spective and observational nature of the study
constitutes important limitations. In addition,
the small sample size limits the important

findings of this study.

Future perspective

This study demonstrated that instead of abso-
lute values of PFO height or tunnel length,
the size of the PFO (as measured by septal

Executive summary

Background

stroke size remains uncertain.
Methods

excursion) correlated significantly with the
stroke volume. The study indicates that, in
addition to the fixed anatomical parameters,
structural and hemodynamic changes during
the cardiac cycle may contribute significantly
towards the etiopathogenic potential of a PFO.
In view of the high prevalence of PFOs in the
general population, selection of patients at
high risk of stroke assumes great importance.
Mere diagnosis of the PFO or assessment of
its morphological characteristics may not be
enough to identify the patients at high risk
for recurrent ischemic events and for various
therapeutic interventions. Failure of the recent
PFO closure clinical trials to confirm the ben-
efit in preventing strokes [31] or migraine [32],
suggests that there is an urgent requirement for
establishing reliable criteria for selecting high-
risk patients. Perhaps this may be achieved by
larger and well-designed studies that should
include the assessment of the ‘structural’ as
well as the ‘functional’ grading of the PFO.
While the former can be assessed reliably with
TEE, TCD should be employed to determine
the latter.
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= Patent foramen ovale (PFO) is believed to provide an abnormal pathway for paradoxical embolization in patients with cryptogenic stroke.
However, the most important morphological characteristic related to stroke etiology and the relationship between PFO morphology and

= This retrospective observational study included 72 patients for whom the data for transesophageal echocardiography as well as
MRI of the brain were available. Right-to-left shunt grade was estimated in all patients on transesophageal echocardiography and
in 26 patients with transcranial Doppler. The relationship between various morphological characteristics of PFO and stroke size was
also evaluated.

Results

= No significant correlation was observed between the PFO morphological parameters or right-to-left shunt grade (on transesophageal
echocardiography as well as transcranial Doppler) and the infarct volume on brain MRI. Only atrial septal excursion distance was found
to have a significant correlation with cerebral infarct volume (p < 0.005).

Significance

= This is the first study to demonstrate that the size of the cerebral infarct is related to the size of the PFO as measured by septal excursion.

Future perspective

= Larger and well-designed studies are needed for evaluating the ‘structural’ as well the ‘functional’ grading of the PFO and selecting the
patients at high risk of paradoxical embolization and ischemic stroke.
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