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Patent foramen ovale (PFO), a common congenital structural
abnormality of the heart, has an estimated prevalence of 15% to 35%
in the general population. Although most patients with PFO are
asymptomatic, episodes such as coughing or Valsalva maneuver can
cause right atrial pressure to transiently or persistently exceed left
atrial pressure, thereby inducing a right-to-left shunt (RLS) at the
atrial level. Under these conditions, microthrombi, air emboli, and
other substances in the venous system can bypass the filtering
function of the pulmonary circulation, pass directly through the
unclosed foramen ovale into the left heart, and subsequently travel
through the systemic circulation to the brain, where they cause
paradoxical embolism (PE) and eventually lead to a series of
serious complications including stroke and migraine. In recent
years, the potential impact of PFO on brain functional networks
has attracted growing attention. As one of the most vulnerable
functions in humans, cognitive function may decline earlier than
the typical clinical manifestations of cardiovascular diseases,
providing an important window for early identification of
PFO-related cognitive changes. However, the neuropathological
link between PFO and cognitive alterations remains unclear, and
objective imaging assessment tools are still lacking.

Arterial spin labeling (ASL) allows non-invasive quantification of
resting-state cerebral blood flow (CBF). Currently, a novel method for
constructing  functional networks based on the morphological
similarity of regional CBF probability distributions has been
validated to possess good stability and topological properties, and
has been shown to correlate with cognitive behaviors.
Nevertheless, existing imaging studies on PFO have largely
focused on structural magnetic resonance imaging, resting-state
functional MRI based on the blood oxygen level-dependent
(BOLD) signal, and diffusion tensor imaging analysis along the
perivascular space (DTI-ALPS), with relatively few investigations
addressing cognitive changes from the perspective of cerebral
blood flow networks.

In this study, we employ ASL to acquire resting-state CBF
data, parcellate brain regions using the Schaefer atlas, and quantify
the morphological similarity of regional CBF probability
distributions via the Jensen-Shannon divergence (JSD) to construct
cerebral blood flow functional networks in PFO patients. We aim
to systematically examine whether the global and nodal
topological properties of these networks are altered in PFO
patients, and to explore the associations between network
characteristics and cognitive function scores, PFO anatomical
parameters, and RLS grading. This work is expected to provide
novel imaging evidence for elucidating the neural mechanisms
underlying cognitive alterations associated with PFO. Please see
text page 33.
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