ELMER
PRESS

Orriginal Article

’ '.) Check for updates‘

Cardiol Res. 2023;14(5):342-350

Secondary Prevention of Cryptogenic Stroke and Outcomes
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Abstract

Background: Cryptogenic stroke (CS) is an exclusion diagnosis that
accounts for 10-40% of all ischemic strokes. Patent foramen ovale
(PFO) is found in 66% of patients with CS, while having a prevalence
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of 25-30% in the general population. The primary aim was to evalu-
ate the risk of recurrent stroke following surgical PFO closure plus
medical therapy vs. medical therapy alone amongst CS, an embolic
stroke of undetermined source (ESUS), or transient ischemic attack
(TIA). The secondary aim was to evaluate new-onset non-valvular
atrial fibrillation, mortality, and major bleeding.

Methods: We conducted an umbrella meta-analysis using PRISMA
guidelines on English studies comparing surgical PFO closure plus
medical therapy versus medical therapy alone for managing CS. We
extracted data on interventions and outcomes and used random-ef-
fects models with generic inverse variance to calculate relative risks
(RRs) with 95% confidence intervals for outcome calculations.

Results: A comprehensive search yielded 54,729 articles on CS and
65,001 on surgical PFO closure, with 1,591 studies focusing on PFO
closure and medical therapy for secondary CS, ESUS, or TIA preven-
tion. After excluding non-meta-analyses, 52 eligible meta-analyses
were identified, and eight studies were selected for outcome evalua-
tion, excluding non-English, non-human, and studies before January
2019 as of August 31, 2021. Among a total of 41,880 patients, 14,942
received PFO closure + medical therapy, while 26,938 patients re-
ceived medical therapy alone. Our umbrella meta-analysis showed
that PFO closure plus medical therapy had a 64% lower risk of re-
current strokes than medical therapy alone (pooled RR: 0.36). PFO
closure plus medical therapy was associated with 4.94 times higher
risk of atrial fibrillation. There was no difference in the risk of death
or bleeding between both groups.

Conclusion: In patients with CS, PFO closure, in addition to medical
therapy, reduces the risk of recurrence. More research is needed to
assess the efficacy of early closure as well as specific risk profiles
that would benefit from early intervention to reduce the burden of
stroke.

Keywords: PFO closure; Cryptogenic shock; TIA; Atrial fibrillation;
Meta-analysis
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Introduction

The incidence of strokes in the United States is approximately
795,000/year [1]. Stroke is the second leading cause of death
worldwide, accounting for 11.8% of deaths, and is associated
with significant mortality. Acute ischemic stroke (AIS) is the
fifth leading cause of death in the United States. AIS is caused
by cardiovascular embolism, large vessel atherosclerosis, and
small vessel disease. Up to 10% to 40% of all symptomatic is-
chemic strokes lack a well-defined etiology, and this subgroup
is referred to as cryptogenic stroke (CS) [2-5].

The diagnosis of CS is made when the stroke cannot be at-
tributed to any known causes of AIS, including cardio-embo-
lism, large vessel atherosclerosis or small artery disease, despite
a comprehensive workup [6, 7]. CS is more common in younger
patients (< S55years of age) and may occur due to intracardiac
shunts, occult atrial fibrillation (AF), and aortic atherosclerosis
[8]. Among all these causes, patent foramen ovale (PFO) is very
commonly seen in patients with CS [9]. The prevalence of PFO
in the general population is nearly 25-30% but is much great-
er in CS patients (66%) [10, 11]. The proposed mechanism in
PFO patients is a paradoxical embolism, in which the thrombus
moves from venous to systemic circulation via the PFO.

Patients are at increased risk for recurrent strokes after the
first episode of CS, and therefore secondary prevention is cru-
cial. The common therapies for managing PFO are percutaneous
device closure and medical therapy (antiplatelet and/or antico-
agulant drugs). A long-standing debate about the best strategy to
manage PFO patients after a CS comparing transcatheter PFO
closure versus medical therapy showed conflicting results [12,
13]. In the Risk of Paradoxical Embolism (RoPE) study, an index
scoring system was proposed to determine whether the PFO was
caused by a stroke or an unexpected event [8]. The RoPE score
was proposed in patients of all ages with a score ranging from 0
to 10; a higher score indicates a greater likelihood that the stroke
is secondary to a PFO. Kotoor et al reported that PFO closure
could be considered the primary treatment for people with PFO
and those taking aspirin and an elevated RoPE score [8]. Studies
also indicate that anticoagulant therapy could have a substantial
advantage in managing a CS compared to antiplatelet treatment
alone and that anticoagulant therapy could be nearly as efficient
as the closure of PFO [14-19]. A significant complication with
PFO closure is AF [8]. However, this procedure-induced AF has
been reported as being brief and, therefore, would not be suf-
ficient to cause cardio-embolism [8].

Several randomized controlled trials (RCTs) compared the
effectiveness of PFO closure and medical therapy versus medi-
cal therapy alone to prevent secondary stroke, but the findings
are conflicting [14, 15, 17]. Several meta-analyses have pro-
duced varying results, some demonstrating possible borderline
advantages of PFO closure and others indicating no benefit
depending on how the assessment should be carried out [20-
23]. In an attempt to resolve uncertainty concerning the ap-
propriate therapy of CS in the presence of PFO and to evaluate
the variability between different PFO closing mechanisms and
AF, we performed an updated systematic review and umbrella
meta-analysis to examine long-term clinical results with PFO
closure with medical therapy versus medical therapy alone.
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Materials and Methods
Endpoint

Our study’s main aim was to compare the risk of recurrent
stroke in patients with CS, embolic stroke of undetermined
source (ESUS), or transient ischemic attack (TIA) who had
surgical PFO closure combined with medical therapy to pa-
tients who received medical treatment only. A secondary aim
of this study was to evaluate new-onset non-valvular AF,
mortality, and major bleeding (gastrointestinal (GI) bleeding,
serious bleeding, fatal bleeding, thrombolysis in myocardial
infarction (TIMI)-defined major bleeding, and hemorrhagic
stroke) following both interventions. Study-specific defini-
tions are mentioned in Table 1 [24-31].

Search strategy and selection criteria

We performed an umbrella meta-analysis using previously
published meta-analysis (studies) using PRISMA guidelines
from January 1, 2019 to August 31, 2021. We used PubMed
for finding out a meta-analysis comparing surgical PFO clo-
sure plus medical therapy vs. medical therapy alone as the
management of CS. We used following keywords to identify
the literature: ((((((((Cryptogenic stroke[Title/Abstract]) OR
(Cryptogenic Embolism Strokes[Title/Abstract])) OR (Cryp-
togenic Ischemic Strokes[Title/Abstract])) OR (Cryptogenic
Embolism[Title/Abstract])) OR (embolic stroke of undeter-
mined significance[Title/Abstract])) OR (embolic stroke of un-
determined origin[ Title/Abstract])) OR (ischemic stroke[Title/
Abstract])) OR (embolic stroke[Title/Abstract])) OR (non-
cardioembolic stroke[Title/Abstract]) AND ((((((((surgical
PFO closure[Title/Abstract]) OR (medical treatment[Title/
Abstract])) OR (surgical PFO closure plus medical treatment
vs medical therapy alone[Title/Abstract])) OR (Platelet Aggre-
gation Inhibitors[Title/Abstract])) OR (Patent Foramen Ovale
closure[Title/Abstract])) OR (Septal Occluder Device[Title/
Abstract])) OR (Combined Modality Therapy][Title/Abstract]))
OR (Patent Foramen Ovale Closure[Title/Abstract])) OR (An-
tiplatelet Therapy|Title/Abstract].

Study selection

All studies were identified using the search strategy described
above and independently screened for eligibility by Chetna
Dengri and Nishel Kothari, with any disagreement resolved
through discussion with UP and NP. For full-text review, stud-
ies describing meta-analyses of clinical trials or observational
studies were considered. PRISMA flow diagram of study se-
lection is depicted in Figure 1.

Data extraction and quality assessment

The included studies’ data were gathered using a data extrac-
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only

Records removed before screening:
Records identified from: g“f‘;‘fa“)’ NS THOWG
Dalabasss .|  Records marked as ineligible by
(n=1891) 7| automation tools
Registers (n=673)
(n =2; PubMed & MEDLINE) Records removed for other reasons
(n=0)
B - Records excluded
°$ 73 scree o Reason: Non-English literature, non-full
(n=170) text, and non-human studies
Reports sought for retrieval | Reports not retrieved
(n=54) | (n=0)
L 4
Reports excluded:
:’eso 5':’; 0050004 for elgibity » Reason: Any literature other than meta-
analyses of clinical trials and
observational studies older than 2019
showing same clinical trials or individual
clinical trials or observational studies,
case reports, and review articles were
excluded.
v (n = 46)

Studies included in review

(n=8)

Reports of included studies for umbrella-
mata-analysis

(n=8)

Figure 1. PRISMA flow diagram of study selection.

tion form to evaluate the literature synthesis. After consult-
ing with UP and NP, the data extraction form was created
(Table 1).

Extracted information included: study setting (study
name, year of publication, and country), study design, study
population demographics (mean/median age and sex%), sam-
ple size, details on CS (type of stroke), details of the interven-
tion and control, outcomes following intervention and control,
and information for the assessment of the risk of bias (using
Newcastle-Ottawa Scale (NOS)).

Statistical analysis

We performed an umbrella meta-analysis using Review Man-
ager V.5.4 (The Nordic Cochrane Centre, The Cochrane Col-
laboration, Copen-Hagen, Denmark). Data on interventions

and outcomes with relative risks (RRs) were extracted, and
for individual meta-analysis, we calculated log RRs from each
outcome. The generic inverse variance was used to calculate
and obtain pooled RRs from log RR along with its 95% con-
fidence interval (CI) to describe the outcome comparison be-
tween surgical PFO closure + medical treatment vs. medical
therapy alone. Random-effect models were used regardless
of heterogeneity to estimate the combined effect. P-value <
0.05 was considered significant. The results were presented
in forest plots for individual outcomes. To evaluate hetero-
geneity, we used I? statistics, and > 50% was considered sig-
nificant heterogeneity. In situations with high heterogeneity,
funnel plots (Supplementary Material 1, www.cardiologyres.
org) were used for sensitivity analysis using the leave-one-out
method. Publication bias was assessed individually, and over-
all study bias was described using the NOS (Supplementary
Material 2, www.cardiologyres.org).
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Risk Ratio
log[Risk Ratio] SE Weight IV, Random, 95% CI

Study or Subgroup

Risk Ratio
IV, Random, 95% CI

Kheirl et al. 2020
Chenetal. 2019
Vukadinovic et al. 2019
Goeletal. 2019

Khelrl et al. 2019

-1.9661 0.5253 5.4%
-1.4271 0.3924 8.7%
-0.9676 0.3812 10.3%
-0.8916 0.3663 11.1x
-0.8916 0.3924 0.7

0.14 [0.05, 0.39]
0.24 [0.11, 0.52]
0.38 [0.18, 0.80]
0.41 [0.20, 0.84]
0.41 [0.19, 0.88]

_—
—_—

Varotto et al. 2021 -0.8016 0.2131 32.9¥ 0.41[0.27, 0.62] —a—

Wang etal. 2018 -0.8016 0.3924 9.7¥% 0.41 [0.19, 0.ER] S E—

Garg etal. 2018 -0.8016 0.3663 11.1X¥ 0.41 [0.20, 0.B4] e

Total (95% CI) 100.0% 0.36 [0.29, 0.46) <

Heterogenehy: Taw® = 0.00; ChF* = 5.15, df = 7 (P = 0.64); F = 0X 0.05 02 1 § 20

Test for overall effect: Z = B.26 (P < 0.00001)

PFO Closure+Medical Therapy Medical Therapy

Figure 2. Recurrent stroke or TIA in patients with PFO closure plus medical therapy vs. medical therapy alone. PFO: patent fora-

men ovale; TIA: transient ischemic attack.

Human subjects were not involved so no informed consent
or IRB approval was needed.

Results

We screened 54,729 and 65,001 articles on CS and surgical
PFO closure, respectively. Out of these, 1,591 studies had de-
tails on PFO closure and medical therapy in the management
of secondary CS, ESUS, or TIA prevention. After excluding
studies other than meta-analysis, we found 52 meta-analyses
fitting in the eligibility for the data collection. After a detailed
assessment, as of August 31, 2021, a total of eight meta-analy-
sis studies were selected to evaluate the outcomes. Studies be-
fore January 2019, non-human and non-English studies were
excluded (Fig. 1). Among a total of 41,880 patients, 14,942
received PFO closure + medical therapy, while 26,938 patients
received medical therapy alone (Table 1).

Primary outcome

Reduction of recurrent stroke or TIA

We found eight meta-analyses out of 1,591 studies that evalu-
ated the effect of interventions on the reduction of CS, recur-
rent stroke, or TIA. Our meta-analysis found that patients who
received PFO closure and medical therapy had a 64% lower
risk of recurrent strokes than those who received only medical

therapy (pooled RR: 0.36; 95% CI: 0.29 - 0.46; P < 0.00001).
There was no heterogeneity (I> = 0%; P = 0.64), and the overall
risk of bias was low (Fig. 2).

Secondary outcomes
Mortality

Four meta-analyses reporting all-cause mortality were includ-
ed. We found PFO closure plus medical therapy was associated
with a 0.73 times lower risk of death (pooled RR: 0.73; 95%
CI: 0.50 - 1.07; P = 0.10) compared to medical therapy alone.
The heterogeneity was 0% (P = 1.00) (Fig. 3).

Major bleeding

Five meta-analyses reported major bleeding as a complication.
In our study, PFO closure plus medical therapy was associated
with a 0.88 times lower risk of bleeding (pooled RR: 0.88;
95% CI: 0.65 - 1.19; P = 0.41) compared to medical therapy
alone. The heterogeneity was 0% (P = 0.98) (Fig. 4).

AF (new-onset or pre-existing AF)

Seven meta-analyses reported AF as a complication. We found
that PFO closure plus medical therapy was associated with a

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Wang etal. 2018 -0.3567 0.3894 233X 0.70 [0.32, 1.53] =
Kheirl et al. 2018 —0.2744 0.3956 23.8X  0.76 [0.35, 1.65] =
Goel et al. 2019 -0.3147 0.3751 264X 0.73[0.35,1.52] =
Garg etal. 2018 -0.3147 0.3751 264% 0.73 [0.35,1.52] &
Total (95% CI) 100.0%  0.73 [0.50, 1.07] ittt
Heterogenehty: Tau® = 0.00; ChE = 0.02, df = 3 {P = 1.00); F = 0% D.:Z 0:5 ] 2 5

Test for overall effect: Z = 1.63 (P = .10}

PFO Closure+Medical Therapy ‘Medical Therapy

Figure 3. All-cause mortality in patients with PFO closure plus medical therapy vs. medical therapy alone. PFO: patent foramen ovale.
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Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
Wang etal. 2018 =0.0305 0.4304 12.3% 0.07 [0.41, 2.20]
Vukadinovic et al. 2019 -0.0943 0.2125 52.8X 0.91 [0.60, 1.38] ——

Khelrl et al. 2019
Goeleral 2018
Garg etal. 2018

Total (95% CI)
Hetwrogenehy: ChE = .43, df = 4 (P = 0.98); ¥ = 0X
Test for overall effect: Z = 0.82 (P = 0.41)

-0.0408B 0.421F 13.4X% 0.896 [0.42, 2.18]
-0.3147 0.471 10.7%¥ 0.73 [0.29, 1.84]
-0.3147 0.471 10.7% 0.73 [0.29, 1.;4]

100.0% 0.88 [0.65, 1.19]

0.2 0.5 1 2
PFO Closure+Medical Therapy Medical Therapy

w

Figure 4. Major bleeding in patients with PFO closure plus medical therapy vs. medical therapy alone. PFO: patent foramen

ovale.

4.94 times higher risk of AF (pooled RR: 4.94; 95% CI: 3.74 -
6.53; P <0.00001) in comparison with medical therapy alone.
The heterogeneity was 0% (P = 0.99) (Fig. 5).

Discussion

Our meta-analysis of eight studies found that patients with
PFO closure and medical therapy had a lower risk of recur-
rent stroke than those with medical therapy alone. The RR of
recurrent stroke/TIA was 64% lower in those treated with PFO
closure and medical therapy than in those treated only with
medical therapy. The risk of poor composite outcomes was
also lower in the group managed with PFO closure along with
medical therapy. However, there was no difference in mortal-
ity or major bleeding between both groups. Antiplatelet and
anticoagulation as medical therapy have both been studied
individually and in combination as medical management for
CS. Previous studies have suggested the benefits of oral an-
ticoagulation over antiplatelet medications for the secondary
prevention of PFO-related CS [23], but current guidelines pre-
fer using antiplatelets alone [32, 33]. The majority of patients
in the medical therapy group in the included studies received
antiplatelet therapy, primarily aspirin followed by clopidogrel,
with a minority receiving anticoagulation with vitamin-K an-
tagonists. The administration of these drugs to patients was not
standardized across trials or within trials, but was left to the
discretion of the investigators, and event rates across different
therapy regimens were not recorded. As a result, estimating
whether there was a significant difference in events of inter-

Risk Ratio
SE Weight IV, Random, 95% Cl

Study or Subgroup log[Risk Ratio]

est across different medical therapy regimens compared to the
interventional closure group was impossible [26].

In our meta-analysis, new-onset AF was found to be sig-
nificantly associated with PFO closure. PFO closure and med-
ical therapy patients had a 4.94-fold higher risk of AF than
medical therapy alone. The device trigger is the most likely eti-
ology for the higher incidence of AF in device closure. Given
the difficulty in diagnosing paroxysmal AF, the possibility of
having AF prior to device implantation cannot be ruled out or
ignored. This could explain why the PFO closure group has a
higher rate of AF. This argument is supported by the RESPECT
trial findings, which excluded paroxysmal AF and found no
difference in AF rates between the two groups (0.6% in both
surgical closure and medical therapy group) [28]. The major-
ity of the AF episodes were peri-procedural, with very little
persistent or long-term AF. Post-implant AF typically occurred
within 45 days of PFO closure and was noted to be transient,
resolving spontancously in the majority of cases but requir-
ing electrical or pharmacological cardioversion in a few cases.
Only a small percentage of all AF or atrial flutter reported after
PFO closure progressed to permanent AF [14]. While AF is an
independent risk factor for embolic strokes, long-term RCTs
have not shown an increased incidence of strokes following
device closures. The absence of prolonged cardiac monitoring
for subclinical AF detection in patients with CS is a common
limitation in previous trials. Although occult AF is uncommon
among patients with < 60 years of age with CS [34], based on
observational studies, the American Heart Association/Ameri-
can Stroke Association guidelines for stroke prevention rec-
ommend at least 30 days of cardiac monitoring in patients with

Risk Ratio
IV, Random, 95% CI

Varotto et al. 2021 1.6394 0.305 21.7%
Vukadinovic et al. 2019 1.712 0.313 20.6%
Kheiri et al. 2019 1.556 0.3623 15.4%
Wang et al. 2019 1.5304 0.4196 11.5%
Goel et al. 2019 1.6658 0.4205 11.4%
Garg et al. 2019 1.6658 0.4523 9.9%
Nasir et al 2019 1.2384 0.4638 9.4%

Total (95% CI) 100.0%
Heterogeneity: Tau® = 0.00; Chi* = 0.84, df = 6 (P = 0.99); I = 0%
Test for overall effect: Z = 11.23 (P < 0.00001)

5.15 [2.B3, 9.37]
5.54 [3.00, 10.23)
4.74 [2.33, 9.64]
4,62 [2.03, 10.51]
5.29 [2.32, 12.06]
5.29 [2.18, 12.84]
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Figure 5. Atrial fibrillation (new onset or pre-existing) in patients with PFO closure plus medical therapy vs. medical therapy

alone. PFO: patent foramen ovale.
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no obvious cause of stroke/TIA to detect occult AF [14, 33]. A
previous RCT (CRYSTAL AF) has supported prolonged car-
diac monitoring, and the results showed that AF was more fre-
quently detected in patients with recent CS (12.4% detection
rate in the monitored group vs. 2% in the unmonitored group;
HR 7.3; 95% CI: 2.6 - 20.8; P < 0.001) [15]. Furthermore, a
meta-analysis of RCTs found that prolonged cardiac monitor-
ing improved detection of AF after CS/TIA [17]. Therefore,
even in the presence of PFO, AF should be considered as a
potential cause of some presumptive CSs.

Strengths and limitations

As far as we know, this is the first umbrella meta-analysis con-
ducted on this topic. Our analysis includes multiple RCTs and
observational studies from various countries, which is a strength
of this study. A noteworthy strength of this meta-analysis is that
it had no significant heterogeneity. However, the inclusion of
overlapping RCTs could lead to an overestimation of the results.
Furthermore, the study does not comment on the severity of
stroke, disability, or outcome on follow-up. Our meta-analysis
has several limitations that need to be considered. Firstly, it re-
lies on aggregated data from various trials, which means it in-
herits the limitations present in the individual studies included.
Another limitation is the overlap of RCTs used in the analysis.
Secondly, the majority of RCTs experienced slow enrollment
over several decades and had varying follow-up periods. This
leads to challenges in comparing the initial phase data with more
recent data due to changes in clinical practices and device ad-
vancements over time. Thirdly, the absence of patient-level data
prevents the possibility of conducting further analyses that could
adjust for potential confounding variables or perform stratified
analyses. Furthermore, the study does not provide insights into
the severity of stroke, disability, or long-term outcomes, which
restricts the conclusions that can be drawn from this research.
Fourthly, different types of PFO devices were used across the
trials, necessitating the consideration of each device’s efficacy
and safety when interpreting the results. Additionally, the inabil-
ity of some studies in the meta-analysis to classify strokes as
minor or major poses a limitation in the categorization of stroke
severity. Lastly, the varying medical therapy strategies permit-
ted in the trials could have influenced the final outcomes within
each individual study and across all RCTs. This factor should be
considered while interpreting the overall findings.

Conclusion

In our meta-analysis, we discovered that surgical closure of
the PFO not only reduced the risk of recurrent stroke, but was
also safer with respect to mortality and bleeding risk in patients
with CS. Given the greater benefits of PFO closure in addition
to medical therapy, more research is needed to assess the effi-
cacy of early closure and specific risk profiles that would benefit
from early intervention to reduce the burden of stroke. More
studies should evaluate the risk benefit profile of PFO closure
in patients with pre-existing or at risk of AF as our study shows
a significant relationship between PFO surgical closure and AF.
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