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ABSTRACT

Patent foramen ovale (PFO) closure for cryptogenic
stroke remains controversial due to a lack of conclusive
randomised controlled data. Many experts feel PFO
closure is indicated in selected cases; however, national
and international guideline recommendations differ.

We surveyed the UK cardiologists, stroke physicians
and neurologists, seeking to determine specialist
interpretation of the evidence base, and to gain an
insight into the current UK practice. The British Cardiac
Society and British Society of Stroke physicians
distributed our survey which was performed using an
online platform. 120 physicians (70 stroke physicians,
23 neurologists, 27 cardiologists) completed the survey.
Most (89%) felt PFO closure should be considered in
selected patients. Atrial fibrillation (86.6%), significant
carotid stenosis (86.6%), diabetes (38.4%) and
hypertension (36.6%) were considered exclusion
criteria for cryptogenic stroke diagnosis. More stroke
physicians than cardiologists considered an age cut-off
when considering PFO as the stroke aetiology (70.4%vs
54.5%p=0.04). Anatomical features felt to support

PFO closure were aneurysmal septum (89.6%), shunt
size (73.6%), prominent Eustachian valve (16%). 60%
discuss patients in multidisciplinary meetings prior

to PFO closure, with more cardiologists than stroke
physicians/neurologists favouring this approach (76.9%
vs 54.8%; p=0.05). After PFO closure, patients receive
Clopidogrel (72.3%), aspirin (50%) or anticoagulants
(17%). 63.2% continue therapy for a limited period after
PFO closure, while 34% prefer life-long therapy (14.8%
cardiologists vs 40.5% non-cardiologists; p=0.02). While
experts support selective PFO closure in cryptogenic
stroke, current practice remains variable with significant
differences in perceptions of cardiologists and
neurologists/stroke physicians.

BACKGROUND

The diagnosis and management of stroke
related to patent foramen ovale (PFO)
remains controversial. Observational studies
and meta-analyses have suggested an associ-
ation between PFO and cryptogenic stroke.
However, the superiority of PFO closure
over medical therapy for patients with cryp-
togenic stroke and PFO has proven particu-
larly difficult to research due to multiple
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What is already known about this subject?
Evidence supporting the closure of patent foramen
ovale (PFO) in patients with cryptogenic stroke to
prevent recurrence has recently been published,
but this is not reflected in all stroke, neurology and
cardiology guidelines.

What does this study add?

This study shows a wide range of clinical practice
in the UK with differences observed among stroke
physicians, neurologists and cardiologists.

How might this impact on clinical practice?
The results of this study, in combination with the 10-
year follow-up data from the RESPECT trial showing a
benefit from PFO closure in patients with cryptogenic
stroke, supports the need for standardised guidelines
going forward to optimise patient selection and
management.

confounding factors (such as concurrent
traditional risk factors for stroke) and there
is currently a lack of conclusive randomised
controlled data to support device closure.'™
Despite this, many experts continue to feel
that PFO closure is indicated in selected
cases (particularly in young patients, with
high risk features such as atrial septal aneu-
rysm (ASA) and/or large shunt size, and
in those with no additional traditional risk
factors). While the Federal Drug Adminis-
tration has recently approved PFO device
closure, and National and International
guidelines propose diagnostic algorithms
and patient selection criteria,"™ these
recommendations are still not uniform.
Given the apparent inconsistency in advice
and equivocal data to support PFO closure,
we performed this survey of the UK cardi-
ologists and stroke physicians/neurologists
to determine specialist interpretation of the
evidence base and to gain insight into the
current UK practice.
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Reported age limit above which responders would not consider patent foramen ovale (PFO) closure. There is

significantly higher proportion of cardiologists compared with stroke physicians reporting no age limit for PFO closure (p=0.04).

METHODS

In this cross-sectional study carried out between 20
December 2014 and 22 February 2015, an online survey
was distributed (www.surveymonkey.com) (see online
supplementary 1) via the British Cardiac Society, the
British Society of Stroke Physicians and the Association
of British Neurologists. The survey was designed by the
authors and designed to capture data on the respondent’s
clinical experience, consider indications and criteria for
PFO closure, exclusion criteria, imaging, multidiscipli-
nary team management and anticoagulation therapy
after device insertion. After a 3-month reporting period,
responses were collated and analysed. Although the
survey was not specifically powered to determine differ-
ences between responders, where differences in practice
were apparent a X test was used to assess the differences
in responses. A p value <0.05 was considered to be statis-
tically significant.

RESULTS

Study population

A total of 120 individuals responded, the majority of
whom were stroke physicians. Not all respondents
answered all questions and therefore data are presented
as a proportion of the total number of respondents for
each individual question.

PFO closure practice

The majority of respondents (108/120 (89%)) felt
there was a role for PFO closure in selected patients
with cryptogenic stroke. More neurologists and stroke
physicians than cardiologists felt that there is currently
insufficient evidence to support PFO closure after stroke
(13/90 (14.4%) vs 1/27 (3.7%); p=0.11). There was also
a non-significant trend towards younger consultants
(<b years in consultant position) believing the current
evidence does not support PFO closure (6/13 (46%) vs
22/107 (20.6%); p=0.09). The majority (78/112 (69.6%))
of responders considered ischaemic stroke (cerebro-
vascular accident (CVA)) as well as transient ischaemic

attack (TIA) as cerebrovascular events warranting further
assessment for PFO. Approximately one-third (33/112
(29.5%)) considered CVA, but not TIA, as a valid reason
for further evaluation. There was a trend for cardiologists
to consider PFO assessment for both stroke and TIA in
comparison to stroke physicians (21/26 (81%) vs 41/63
(65.1%); p=0.06), but not neurologists (16/23 (70.0%);
p=0.31).

Seventy-one out of one hundred ten (64.5%)
responders would consider PFO closure after one cere-
brovascular event, 23/110 (20.9%) two events and the
remainder (16/110 (14.5%)) only after three or more
events. Overall, cardiologists had a significantly lower
threshold for considering device closure than non-cardi-
ologists after a single cerebral event (50/84 (60.0%) vs
21/26 (81.0%); p=0.041), which was driven by a signif-
icant difference between cardiologists and neurologists
(21/26 (81.0%) vs 1/22 (45.5%); p<0.01).

Evaluation for PFO closure

While the majority (92/114 (80.7%)) of responders
required evidence of stroke on CT or MRI prior to consid-
ering PFO closure, cardiologists were less likely than
neurologists to require such evidence (19/26 (73.1%)
vs 19/23 (82.6%); p=0.04). A quarter of responders
(29/113, (25.7%)) did not consider an age cut-off for
PFO closure, while cardiologists were statistically more
likely to consider patients of any age for PFO closure
(14/27 (52%) vs 15/86 (17%); p<0.001). A greater
proportion of stroke physicians considered an age
cut-off when considering PFO as the aetiology of stroke
than cardiologists (38/54 (70.4%) vs 20/37 (54.5%);
p=0.04) (figure 1). Significant carotid stenosis or atrial
fibrillation (87.5% and 86.6% responders, respectively)
were considered exclusion criterion for a diagnosis of
cryptogenic stroke. The presence of hypercholestero-
laemia, diabetes mellitus, arterial hypertension, calcific
aortic valve disease or other comorbidities were consid-
ered important exclusion criteria by less than half of
the responders (see figure 2). There were no observed
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Figure 2 Comorbidities excluding from further evaluation for patent foramen ovale closure.

differences in practice between cardiologists, neurolo-
gists and stroke physicians.

Almost all responders (111/114 (97.4%)) felt the
diagnosis of PFO should be confirmed with a transtho-
racic echocardiogram (TTE) ‘bubble study’ with several
features deemed to increase the likelihood that a PFO
was implicated in the aetiology a cryptogenic stroke;
these included the presence of an aneurysmal septum
and increased shunt size on TTE (see figure 3). Nearly
three-quarters (84/113, 74.3%) of responders were more
likely to proceed to PFO device closure based on the
presence of these anatomical features, while (21/113
(18.6%)) did not take these features into account in deci-
sion-making. Cardiologists and stroke physicians differed
on the significance of certain echocardiographic features
(eg, aneurysmal septum, shunt size) when deciding
whether a PFO was implicated in the neurological event
(p=0.04). Almost all (108/111 (97.3%)) physicians
responding included a carotid artery scan and Holter
ECG monitoring (99/111 (89.2%)) as part of their
workup for cryptogenic stroke.

Management of PFO closure

Sixty-six out of one hundred ten (60%) of responders felt
it necessary to formally discuss patients in a multidiscipli-
nary team meeting (MDT) prior to PFO device closure

other features
Long Eustatian tube
Shunt size

Aneurysmal septum
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Figure 3 Anatomical features associated with increased
probability of cryptogenic stroke.

with more cardiologists than either stroke physicians or
neurologists favouring this approach (20/26 (76.9%)
vs 46/84 (54.8%); p=0.045). Additionally, more stroke
physicians than neurologists also felt an MDT necessary
for decision-making (35/60 (58.3%) vs 1/12 (8.3%);
p=0.03). Where undertaken, MDT composition usually
consisted of an interventional cardiologist (80.6%),
neurologist (65.3%), imaging cardiologist/radiolo-
gist (48.5%) and congenital heart disease cardiologist
(41.7%); only 8.3% always had a haematologist present.

Following PFO device closure, most respondents
favoured either Clopidogrel (81/112 (72.3%)), acetyl-
salicylic acid (ASA) (56/112 (50%)) or warfarin therapy
(15/112 (13.4%)) (figure 4). Two-thirds of responders
(67/106 (63.2%)) use antithrombotic agents or antico-
agulation for a limited period of time after PFO closure,
while (36/106 (34%)) advocate life-long therapy. Overall,
significantly fewer cardiologists believe life-long therapy
is required, as compared with non-cardiologists (4/27
(14.8%) vs 32/79 (40.5%); p=0.021).
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Figure 4 Medical therapy postpatent foramen ovale
device closure. ASA, acetylsalicylic acid; NOAC, novel
anticoagulant.
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DISCUSSION

Until 2012, and in accordance with guidance from the
National Institute of Healthcare Excellence (NICE)
(NICE guidance IPG 109 Secondary Prevention of
recurrent paradoxical emboli), patients who suffered
a presumed paradoxical, CT/MRI confirmed cerebral
vascular event, who were found to have a PFO with induc-
ible right to left shunting, were eligible for PFO closure
device. This led to widespread adoption of PFO closure
for cryptogenic stroke, with a 48.4% increase in the
number of PFO closure procedures in the UK over a 4-year
period.” However, because of insufficient supporting
evidence from prospective trials and meta-analyses, and
concerns regarding cost-effectiveness, NHS England
withdrew routine commissioning for PFO device closure
in 2014.° %' Until December 2016, PFO device closure
was still permitted in England, however only through
the NHS England Commissioning through Evaluation
programme. This programme ceased in mid-December
2016 and further advice and guidance is awaited from
NHS England as the specialist care commissioner for this
service.

This survey clearly demonstrates an inconsistent
approach to the selection of patients considered for
PFO closure following a cerebrovascular event from a
presumed cryptogenic source. These inconsistencies
include approach to imaging and MDT discussion prior
to device closure and subsequent antiplatelet/anticoagu-
lation management, with significant differences in prac-
tice between different specialists.

While the majority of respondents still feel that there
remains a place for PFO closure for cryptogenic stroke,
despite inconclusive evidence from recent major trials,
there were significant differences in the way cryptogenic
stroke was defined and which comorbidities should
exclude PFO device closure. The recent Random-
ized Evaluation of Recurrent Stroke Comparing PFO
Closure to Established Current Standard of Care Treat-
ment (RESPECT) 10-year outcome data, published after
this survey, highlight the importance of careful patient
selection. In their subanalysis of patients with recurrent
cryptogenic strokes, the investigators showed that the
PFO occluder remained superior to medical manage-
ment alone (HR 0.38, p=0.007). This effect was magni-
fied further when the population was narrowed to only
include patients aged under 60 years."'

In our survey, more cardiologists believed PFO
device closure is indicated after both stroke and TIA
versus stroke alone and considered single versus recur-
rent events as a positive indication for device closure,
compared with neurologists and stroke physicians. Addi-
tionally, a significantly lower percentage of cardiologists
than neurologists/stroke physicians believe an age cut-off
is appropriate when implicating PFO in cryptogenic
stroke. This possibly suggests cardiologists have a less
conservative approach to their selection of patients with
cerebral events for PFO closure. Interestingly, while most

respondents felt atrial fibrillation and significant carotid
stenosis should exclude individuals from PFO device
closure, other significant risk factors for cerebrovascular
events such as diabetes, hypertension, hypercholestero-
laemia and calcific aortic stenosis were felt relevant by
barely half of the respondents.

The Risk of Paradoxical Embolism (ROPE)study and
RESPECT trials among others have associated certain
anatomical features of PFO with cryptogenic stroke.'”
The majority of our respondents agreed that an aneu-
rysmal septum or large shunt were more likely to impli-
cate the PFO in stroke; however, not all respondents took
these features into account in their decision to undertake
device closure. Cardiologists were more inclined than
neurologists/stroke physicians towards an inclusive MDT
process prior to intervention.

Following device insertion, there was considerable vari-
ation in the approach to antiplatelet therapy and antico-
agulation. Clopidogrel, as a single agent was, by far, the
preferred option following device closure; however, cardi-
ologists were significantly more likely to use aspirin than
stroke physicians/neurologists, with a slight preference
for warfarin by stroke physicians and neurologists. Inter-
estingly, RESPECT has just shown an increased incidence
of DVT and PE in the group of patients randomised to
device closure compared with those on medical therapy
(a greater proportion of whom were on anticoagulants)
(p<0.006)."

Two-thirds of all respondents recommended anti-
platelet therapy for a limited time after PFO closure,
while a third believed it should be life-long, again with a
statistically significant difference in preference between
specialist groups. There was also a clear lack of consensus
as to when, and how often, patients should be seen
post-PFO closure.

Limitations

This is a small and simple survey designed to capture
specialist opinions on perception of the role of PFO device
closure in cryptogenic stroke. While all respondents were
asked about the number of patients they see per year with
cryptogenic stroke where PFO device i considered, there
is no indication as to the level of involvement of respond-
ents in the decision-making process for device closure.
Additionally, it cannot be determined to exactly how many
consultants this survey was distributed to and therefore may
be more biased towards those who have a vested interest in
this procedure being undertaken. Furthermore, there is
no correlative data as to the number of devices inserted
in the institutions of the individual respondents. Due to
these limitations, care should be exercised in the determi-
nation as to the level of evidence that can be attached to
this dataset and its generalisability. However, it does give an
insight into the apparent perceptions and practice of PFO
device closure in cryptogenic stroke in the UK.
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CONCLUSIONS

This study suggests that while most experts do feel there
is a place for PFO closure for cryptogenic stroke, there
remain marked differences in their approach to inves-
tigating and managing these patients and in particular
significant difference between the approach taken by
cardiologists, neurologists and stroke physicians. Most
specialists are seeing small numbers of these patients on
a yearly basis. The results of this study, in combination
with the 10-year follow-up data from the RESPECT trial
showing a benefit from PFO closure in patients with cryp-
togenic stroke, supports the need for standardised guide-
lines going forward to optimise patient selection and
management.
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