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Abstract
Background and Objectives
Multidisciplinary clinics have been shown to improve care. Patients with patent foramen ovale
(PFO)–associated stroke need evaluation by cardiology and neurology specialists. We report
our experience creating a multidisciplinary Structural Heart Brain Clinic (HBC) with a focus on
patients with PFO-associated stroke.

Methods
Demographic and clinical data were retrospectively collected for patients with PFO-associated
ischemic stroke. Patients with PFO-associated stroke were divided into a standard care group
and Heart Brain Clinic group for analysis. Outcome measures included time from stroke to
PFO closure and number of clinic visits before decision regarding closure. Nonparametric
analysis evaluated differences in median time to visit and clinical decision, while the chi square
analysis compared differences in categorical variables between groups.

Results
From February 2017 to December 2021, 120 patients were evaluated for PFO-associated stroke.
The Structural HBC began in 12/2018 with coordination between Departments of Neurology
and Cardiology. For this analysis, 41 patients were considered in the standard care group and 79
patients in the HBC group. During data analysis, 107 patients had received recommendations
about PFO closure. HBC patients required fewer clinic visits (p = 0.001) before decision about
closure; however, among patients who underwent PFO closure, there was no significant differ-
ence in weeks from stroke to PFO closure. Clinicians were more likely to recommend against
PFO closure among patients seen inHBC compared with those seen in standard care (p = 0.021).

Discussion
Our data demonstrate that a multidisciplinary, patient-centered approach to management of
patients with PFO-associated ischemic stroke is feasible and may improve the quality of care in
this younger patient population. The difference in recommendation to not pursue PFO closure
between groups may reflect selection and referral bias. Additional work is needed to determine
whether this approach improves other aspects of care and outcomes.

Introduction
Ischemic stroke is a common cause of morbidity and mortality.1 Patent foramen ovale (PFO)–
associated strokes account for 5% of ischemic strokes, with the number rising to 10% in young and
middle-aged adults.2 PFO closure may be recommended in appropriate patients because stroke
recurrence rates in patients with PFO may be as high as 4%.3-5 While PFO is more common in
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patients with cryptogenic stroke (40%), it is also common in the
general population (25%), and it may therefore be an incidental
finding in some patients with cryptogenic stroke.6,7 To assess the
etiologic relationship between PFO and stroke, other potential
causes, including atrial fibrillation and hypercoagulable states,
need to be excluded. Furthermore, to assess the potential benefit
of PFO closure, shunt characteristics should be quantified and
anatomic characteristics assessed.8 Because neurologists and
cardiologists are both involved in caring for these patients, PFO-
associated ischemic stroke provides an opportunity for a multi-
disciplinary approach, where both teams working in a single
clinical setting can expedite the appropriate workup and improve
shared decision-making for PFO closure. In addition, patients can
be more involved in the decision because physicians can explain
options available to them and support themwhile they deliberate
which decision suits them best.

Several studies have shown the benefits of transitioning care to
amultidisciplinary clinic setting. These clinics can help improve
communication with the patient about their care, improve
follow-up, reduce treatment cost, and improve diagnosis, pa-
tient experience, and outcomes.9-13 Because patients with is-
chemic stroke in the setting of PFO require both neurology and
cardiology evaluation, PFO-associated ischemic stroke is a
condition where a multidisciplinary clinic can be beneficial.

A significant proportion of younger patients with ischemic
strokes have PFO, and appropriate treatment can decrease
the risk of stroke recurrence.14 These younger patients may
also accumulate increased losses due to disability, loss of
income, and time away from work.15 The need for multiple
outpatient visits for stroke and PFO closure evaluation in 2
different specialty clinics could lead to loss to follow-up, add

social and psychological stress, and cause delays in treatment
decisions. A multidisciplinary clinic that reduces the number
of clinic visits and leads to more rapid treatment may lead to
an enhanced experience for this younger patient population.

The primary purpose of this retrospective observational study is
to present our experience with patient follow-up in our multi-
disciplinary Heart Brain Clinic (HBC) after PFO-associated
stroke and to demonstrate whether it improves quality of care.
We sought to compare the number of follow-up visits, time to
intervention, and distance traveled for patients seen in theHBC
compared with patients evaluated with standard care.

Methods
Stroke Clinic
Patients who are discharged from the Comprehensive Stroke
Center at Memorial Hermann Hospital-Texas Medical Center
are seen for follow-up in the University of Texas Health Sciences
Center (UTHEALTH) stroke clinic. Patients are also referred to
the stroke clinic and cardiology clinic from other neurology and
cardiology practices in the metropolitan Houston area, other
clinics in the UTHEALTH system, and consulting hospitals and
clinics from across Southeast Texas and Louisiana.

Standard Care
Before the initiation of HBC, patients with PFO-associated
stroke were referred for PFO closure through 2 primary
mechanisms: (1) direct neurology consultation: patients were
referred to stroke clinic for stroke evaluation and subsequently
referred to cardiology clinic for additional PFO evaluation or
(2) no neurology consultation: patients directly referred to
cardiology clinic for PFO closure by a community physician or

Figure 1 Clinic Pathways and Number of Weeks Before Scheduling PFO Closure

The diagram shows the different clinic pathways and number of weeks before scheduling PFO closure in the 3 different groups. aComparison of weeks before
PFO closure in the standard referral and the hybrid referral systems. bComparison of weeks before PFO closure in the standard referral and the expedited
referral systems. PFO = patent foramen ovale.
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were self-referred for a second opinion and were then evaluated
for PFO closure by neurology (Figure 1). Stroke diagnostic
evaluation began during hospitalization for stroke, with addi-
tional etiologic evaluation for cryptogenic stroke being initi-
ated. In either setting, PFO was diagnosed mainly with
transthoracic echocardiogram (TTE) and transcranial Doppler
(TCD) with bubble study and rarely with transesophageal
echocardiogram (TEE). If the attending neurologist felt the
stroke was secondary to the presence of a PFO, the patient was
referred to cardiology clinic for PFO closure assessment.
Depending on the cardiologist’s preference, patients were ei-
ther taken directly for PFO after their TTE and TCD or if
needed, a TEE was ordered if not already performed to better
evaluate the anatomy of the PFO and then the patient was
scheduled for PFO closure if appropriate.

Heart Brain Clinic
The UTHEALTH Heart Brain Clinic consists of neurologists
who specialize in the care of stroke patients and interventional
cardiologists and cardiac electrophysiologists. The Structural
Heart Brain Clinic (HBC) was developed in December 2018 to
ensure stroke workup was complete and appropriate secondary
stroke prevention was in place for 2 patient subsets: those who
were potential candidates for either PFO closure or left atrial
appendage closure. This clinic occurs ½ day per month and
began as an in-person clinic (December 2018–February 2020)
and was converted to a virtual clinic (video telehealth) in April
2020 during theCOVID-19 pandemic. Between 4 and 8 patients
are evaluated in each half day clinic. The second HBC (formed
in April 2019) is the Embolic Stroke of Undetermined Source
(ESUS) Clinic, which is focused on patients without PFO. The
description and analysis in this article is limited to patients
evaluated for PFO-associated stroke in the Structural HBC.

Patients could be evaluated for PFO closure in the structural
HBC in several ways (Figure 2). Patients who were first
hospitalized at the UTHEALTH-affiliated teaching hospital
with stroke could either be referred to stroke clinic for ad-
ditional workup before HBC referral (hybrid system) or
directly to HBC for evaluation of their PFO-associated
stroke if no other stroke etiology was found (expedited
system). Even after HBC was initiated, patients referred
from regional hospitals or clinics could be referred both to
stroke clinic for evaluation and separately to interventional
cardiology clinic for PFO evaluation. These patients could
then be triaged to Structural HBC. Patients who were ini-
tially seen in stroke clinic or cardiology clinic and were
subsequently referred to HBC were also categorized as a
hybrid system (Figure 1).

Administrative Planning for HBC
In preparation for HBC, the neurology and cardiology out-
patient scheduling, billing, and clinical staff aligned processes.
We developed a communication system between the neu-
rology and cardiology schedulers. The neurology team as-
sumed the role of primary schedulers and a neurology referral
email was created. A “Heart Brain Clinic” template was
created in the electronic medical record for scheduling
purposes. Patients scheduled in the Heart Brain Clinic
template were accessible to both neurology and cardiology
clinicians for separate documentation and billing purposes.
From the primary teaching hospital, the stroke nurse navi-
gator facilitated HBC follow-up for hospitalized patients
with PFO-associated stroke through the neurology referral
email. The patients were placed on the designated clinic
template, which was visible to all providers and clinic staff. If
patients were referred directly to the neurology clinic, the

Figure 2 Scheduling Heart Brain Clinic Referrals

AFIB = atrial fibrillation; ESUS = embolic stroke unknown source; ICH = intracerebral hemorrhage; LAA = left atrial appendage; PFO = patent foramen ovale.
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designated stroke clinic schedulers looked for an indication
related to “PFO” in the referral and after approval by the
stroke clinic director, would place the patient on the HBC
schedule. If patients were referred directly to the structural
cardiology clinic, the cardiology clinic schedulers would
email the designated neurology referral email to have the
patient placed on the HBC schedule. Before HBC appoint-
ments, patients were notified of the clinic location (in-person
or virtual) and were notified of financial obligations re-
garding copays for specialists. The HBC program staff and
clinicians meet monthly to discuss processes and opportu-
nities for improvements.

Approach to Patient Care
The Structural HBC team includes an attending interventional
cardiologist and an attending neurologist, interventional cardiol-
ogy and vascular neurology fellows, cardiology and neurology
trained advanced practice providers, nursing staff, and research
coordinators. Before each HBC clinic, the clinical teams review
the available diagnostic and imaging data. When patients were
seen in-person (December 2018–February 2020), they were seen
initially by the neurology team, followed by the cardiology team.
After both assessments, the teammembers would discuss the case
and return to see the patient together. For the video telehealth
encounters, both teams are present throughout the assessment.
The clinical teams discuss different factors related to the PFO
closure recommendation, results of the stroke workup, the like-
lihood that the stroke is related to the PFO (supported by the
Risk Of Paradoxical Embolism score),16 and additional recom-
mended studies. The team then engages the patient and caregiver
in discussion regarding the recommendations, potential risks, and
benefits and together make a decision regarding PFO closure. If
the decision is for PFO closure, the cardiology team will describe
the procedure using a model of the closure device and schedule a
tentative date for PFO closure. The device is selected based on
the cardiologist’s preference. In situations where additional eval-
uation is recommended, including cardiac monitoring, hyperco-
agulability workup, or additional diagnostic imaging, the patient is
scheduled for these investigations. If the results of these investi-
gations do not demonstrate another stroke etiology, then the
patients are called to schedule PFOclosure. If the results do reveal
an alternative stroke etiology, patients may follow-up in either
stroke or cardiology clinic and workup is completed accordingly.

Data Collection
Demographic and clinical data were retrospectively collected for
patients with PFO-associated stroke from February 2017 to De-
cember 2021. Patients were categorized according to referral
pattern (standard, hybrid, or expedited). We abstracted age, sex,
diagnostic evaluation, time from stroke to PFOclosure, number of
clinic visits before decision about closure, total distance traveled to
clinic, referral information, anddetails of theneurology, cardiology,
and HBC clinic visits from our electronic medical record system.

Diagnostic Evaluation
Diagnostic workup was reviewed by the neurologist and inter-
ventional cardiologist and included, but was not limited to,MRI

of the brain, vascular imaging of head and neck, transcranial
doppler with bubble study, TTE and TEE with bubble study,
prolonged telemetrymonitoringwith a 30-day eventmonitor or
implantable cardiac monitor, lipid panel, hemoglobin A1c level,
and hypercoagulable workup when appropriate.

Statistical Analysis
Continuous data are presented as either mean ± SD for normal
distributions or median and interquartile range for non-normal
distributions. Independent sample t test or Wilcoxon rank sum
test were used to compare mean or median differences for
continuous variables in baseline characteristics between the
groups. Categorical data were presented as frequencies and
compared using the χ2 test. p < 0.05 was considered statistically
significant. Further analysis was conducted to compare patients
seen in Structural HBC directly (expedited Structural HBC)
with patients seen in Structural HBC in the hybrid system
(eTable 1, links.lww.com/CPJ/A479). Statistical analysis was
conducted using SPSS for Windows version 27 statistical
software (SPSS Inc, Chicago, IL).

Standard Protocol Approvals, Registrations,
and Patient Consents
A waiver to conduct the study was granted by the institutional
reviewboard. Patient consentwas not obtained because the study
was retrospective in nature and patient data were deidentified.

Data Availability
Anonymized data not published within this article will be made
available on reasonable request from any qualified investigator.

Results
During the study period, a total of 120 patients with PFO-
associated stroke were evaluated for PFO closure. The me-
dian age and interquartile range (IQR) of patients was 45
[41–59] years with the patient population being pre-
dominantly female (64.1%). Thirty-seven patients were seen
over telehealth. The Table summarizes the baseline charac-
teristics of the patients seen in clinic. Seventy-nine patients
were seen in HBC while 41 patients were seen in the stan-
dard referral system. Of the 79 patients in HBC, 37 patients
were directly referred to Structural HBC from the primary
teaching hospital, while 42 patients were evaluated in the
hybrid system (referral to HBC after initial evaluation in
UTHEALTH neurology or cardiology clinic). Initially, the
HBC clinic system was most efficient when patients were
seen within the UTHEALTH system. However, over time,
the clinic schedulers and staff became accustomed to the
process and were able to move external referrals from either
neurology or cardiology clinics into the HBC process.

Decision Regarding PFO Closure
Of the 120 patients evaluated for PFOclosure, 107 (89.2%)had
a clear recommendation regarding PFO closure. PFO closure
was recommended for 83 (77.6%) patients and not
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recommended for 24 (22.4%) patients. The most common
reason PFO closure was not recommended was because an
alternative etiology for stroke was more likely (n = 14). Addi-
tional imaging including TCD and TEE ruled out PFO in 7
patients, while 3 patients’ symptoms were not related to is-
chemic events (Figure 3). The remaining 13 (10.8%) patients
were either pending additional workup before a decision for
PFO closure (n = 6) or were lost to follow-up (n = 7).

Patients seen in the standard referral approach had a higher
rate of PFO closure compared with patients seen in Struc-
tural HBC (94.9% vs 67.6%, respectively, p = 0.021). This

difference did not vary according to the referral process to
HBC, whereby 70.0% of patients seen in the expedited sys-
tem and 65.7% of patients seen in the hybrid system were
recommended for PFO closure.

Patient-Centered Care
The median [IQR] number of clinic visits before decision on
whether PFO should be closed was 2 [1–2] in the Structural
HBC group and 3 [2–5] in patients seen in standard system
(p < 0.001). There was no statistical difference in number of
weeks from stroke to PFO closure in the Structural HBC
group overall compared with that in the standard care group

Table Characteristics of Patients Presenting for Evaluation of PFO Closure

All (N = 120) Standard care (N = 41) Structural HBC (N = 79) p Value (structural HBC vs standard)

Age, y median [IQR] 45 [41–59] 45 [38–55.5] 47 [41–59] 0.430a

Female, n (%) 77 (64.1) 30 (73.2) 47 (59.5) 0.063b

Number of clinic visits before decision
median [IQR]

2 [2–3] 3 [2–5] 2 [1–2] <0.001a

Weeks from stroke to PFO closure,
median [IQR]

15 [10–23] 14 [11–30] 15 [9–22] 0.857a

Miles traveled to clinic, median [IQR] 28 [14–50] 30 [15–68] 26 [11–47] 0.204a

PFO closure recommended, n/N (%) 83/107 (77.6) 37/39 (94.9) 46/68 (67.6) 0.021b

Source of referral 0.015b

Stroke clinic/hospital follow-up, n (%) 68 (56.7) 17 (41.5) 51 (64.6)

Referred from other facility n (%) 52 (43.3) 24 (58.5) 28 (35.5)

Abbreviations: HBC = heart brain clinic, IQR = interquartile range, PFO = patent foramen ovale.
a Mann-Whitney U test.
b Chi-squared test.

Figure 3 Screening of Patients for PFO Closure
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(p = 0.86). Median weeks to closure was higher in patients
seen in standard care (14 weeks [11–30]) and hybrid system
(20 weeks, [15–22]) than patients referred in the expedited
system (10 weeks [7–20]). The median distance traveled to
clinic was 28 [14–50] miles, with 15 (12.5%) patients driving
more than 100 miles to the clinic.

SARS-CoV-2 Pandemic
During the global pandemic, elective procedures were shut
down temporarily. Thirty-seven patients were seen in
Structural HBC after March 2020, of which 11 were seen
when elective procedures were shut down. For patients in the
hybrid referral system (n = 17), it took 20 weeks (IQR
12.5–27) from stroke to PFO closure. For patients seen in
expedited system (n = 20), the average time to closure was 9
weeks (IQR 5–16).

Discussion
In this single-center study evaluating a multidisciplinary HBC
for patients with possible PFO-associated stroke, we demon-
strated the potential to improve the efficiency of clinical care for
secondary stroke prevention. Patients evaluated in HBC had
fewer follow-up clinic visits, and for patients seen in the expe-
dited system, there was a trend toward fewer weeks from stroke
to PFO closure. In addition, HBC patients were less likely to
have PFO closure recommended, suggesting the possibility of
more careful selection of appropriate candidates for PFO clo-
sure. AmultidisciplinaryHBC has the potential tomake clinical
care more efficient by requiring fewer overall clinic visits before
definitive treatment.

Multidisciplinary clinics offer a patient-centered approach,
which previous studies have shown is more satisfactory for
patients.17,18 While the retrospective nature of our study
precluded us from assessing patient satisfaction, our results
show that patients directly seen at Structural HBC have
significantly fewer clinic visits before decision for PFO clo-
sure. This demonstrates that a Structural HBC can improve
the quality of patient care by decreasing the total number of
patient visits and thus minimize the cumulative distance
traveled, time off work, the need for help with childcare, and
the cost of travel. A large proportion of our patients come
from outside Houston, making this decrease in travel time
invaluable. Patients seen in the hybrid referral system were
more likely to be referred from an outside facility and triaging
them to Structural HBC increased their number of clinic
visits. However, patients seen on this pathway had overall
fewer visits than patients seen in standard referral system.
With experience, the clinic schedulers and staff were able to
triage external referrals from either neurology or cardiology
clinics to the structural HBC.

With the SARS-CoV-2 pandemic, most clinics were switched
effectively to a telehealth setting, which made it easier for
patients to make their appointments without having to factor
in time for travel.

While annual stroke recurrence with PFO-associated
strokes is as low as 2%, not having a definitive recommen-
dation for treatment/prevention may still be a source of
stress to patients.19 Waiting for elective procedures can
have a psychological and social impact on patients’ lives.20

One aim of the Structural HBC was to efficiently evaluate
patients and if they qualified for PFO closure, attempt to
schedule their procedure as early as possible and alleviate
some degree of stress. Our study does not show statistical
difference between patients seen in the standard system
and those seen in the expedited PFO and hybrid systems of
referral to HBC regarding having PFO closure earlier;
however, our study is limited by small sample size. None-
theless, patients seen in the expedited Structural HBC
system have a clear trend toward fewer weeks from stroke
to PFO closure. While the Structural HBC was stopped for
1 month, and elective procedures held for additional
months during SARS-CoV-2 global pandemic, patients
seen during this time did not have longer stroke to PFO
closure time.

PFO is a prevalent anatomical defect, which may be found
incidentally in patients with stroke.6,7 Patients can have other
stroke etiologies while also having a PFO, in which case,
PFO closure may not be indicated. A neurologist’s evalua-
tion is helpful in this regard to help complete the stroke
workup and provide input on the stroke etiology. In our
cohort, 14 (13.1%) patients were found to have another
stroke etiology. Similarly, patients might present with
stroke-like symptoms but might have another explanation of
their symptoms besides ischemic stroke, which was the case
in 3 (2.8%) of our patients. These patients form a significant
proportion of patients with PFO (15.9%) seen in our clinic
and highlight the importance of stroke neurology evaluation.
In the same visit, the cardiologist can also review images with
the patient and counsel them in case the TEE does not
demonstrate a PFO.

A high proportion of patients seen in the standard care
system had PFO closure recommended. This is possibly
secondary to patients only being referred to an interven-
tional cardiologist when stroke workup was completed and
the referring physician felt a procedure would be beneficial.
With Structural HBC, the aim was to create a consistent
organizational workflow. All patients were evaluated by
both specialists in a single visit, with the opportunity for
specialists to confer real time, thus decreasing selection
bias.

Neurology and cardiology specialties overlap in evaluation
for multiple ischemic stroke etiologies, including arrhyth-
mias, PFO-associated strokes, patients with cardiac compli-
cations of stroke, and patients with stroke as a complication
of cardiac procedures.21 However, both vascular neurology
fellows and cardiology fellows have limited exposure to the
other specialties. The HBC represents one setting where
cardiology and neurology fellows can learn from the other

6 Neurology: Clinical Practice | Volume 13, Number 6 | December 2023 Neurology.org/CP

Copyright © 2023 American Academy of Neurology. Unauthorized reproduction of this article is prohibited.

http://neurology.org/cp


specialty’s diagnostic evaluation and decision-making, which
will assist them, as they transition to independent practice.

Our study has several limitations. Its retrospective nature
limits the number of data points that can be gathered. The
small sample size limited the power of our analysis. Patients
who were referred from the community might have had ad-
ditional clinic visits, which could not be accounted for in the
final analysis. Previous studies have shown multidisciplinary
clinics reduce cost of care. However, a cost analysis was not
performed for this study. Patients seen in standard care clinic
might have a referral bias because all these patients were
deemed to need PFO closure by the referring physician and
as such might not be directly comparable with patients seen
in Structural HBC.

Our study demonstrates that a dedicated, multidisciplinary
approach to PFO-associated stroke is feasible and may im-
prove the quality of patient care. Patients seen in Structural
HBC required fewer clinic visits from stroke to closure de-
cision, though this was not statistically significant. Additional
research will be needed to demonstrate that this multidisci-
plinary approach will save cost and time and improve overall
quality of care for patients with PFO-associated stroke.
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TAKE-HOME POINTS

Patients with PFO and acute ischemic stroke should
have evaluation by both a neurologist and cardiol-
ogist for optimal care.

A multidisciplinary heart brain clinic provides
coordinated, patient-centered care and reduces the
number of clinic visits.

Multidisciplinary heart brain clinic may enhance
diagnostic accuracy of stroke etiology.

A multidisciplinary HBC provides opportunity for a
unique outpatient collaborative educational expe-
rience for neurology and cardiology trainees.

Telemedicine is a reasonable alternative to enhance
patient care by reducing long travel times.
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