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Importance of Persistent
Right-to-Left Shunt

After Patent Foramen Ovale Closure in
Cryptogenic Stroke Patients

Percutaneous closure of patent foramen ovale (PFQO) is widely performed to prevent recur-
rent stroke or transient ischemic attack in patients with cryptogenic stroke. However, the
influence of different degrees of right-to-left shunting (RLS) has rarely been reported.

We retrospectively evaluated the cases of 268 patients with cryptogenic stroke who
underwent PFO closure at our hospital from April 2012 through April 2015. In accordance
with RLS severity, we divided the patients into 2 groups: persistent RLS during normal
breathing and the Valsalva maneuver (n=112) and RLS only during the Valsalva maneuver
(n=156). Baseline characteristics, morphologic features, and procedural and follow-up data
were reviewed. The primary endpoint was stroke or transient ischemic attack.

More patients in the persistent group had multiple or bilateral ischemic lesions, as well
as a larger median PFO diameter (2.5 mm [range, 1.8-3.9 mm)]) than did patients in the
Valsalva maneuver group (1.3 mm [range, 0.9-1.9 mm]) (P <0.001). Atrial septal aneurysm
was more frequent in the persistent group: 25 patients (22.3%) compared with 18 (11.5%)
(P=0.018). Three patients in the persistent group had residual shunting. The annual risk of
recurrent ischemic stroke was similar between groups: 0.298% (persistent) and 0.214%
(Valsalva maneuver,.

Our findings suggest that patients with persistent RLS have more numerous severe
ischemic lesions, larger PFOs, and a higher incidence of atrial septal aneurysm than do
those without. Although our persistent group had a greater risk of residual shunting after
PFO closure, recurrence of ischemic events did not differ significantly from that in the Val-
salva maneuver group. (Tex Heart Inst J 2020;47(4):244-9)

ostnatal failure of the septum primum and secundum to fuse results in a
patent foramen ovale (PFO). This valvelike, usually tunnel-shaped opening,
observed in approximately 25% of the general population,' occurs between
the fibrous, thin, mobile septum primum and the muscular septum secundum. No
concomitant anatomic septal defect is evident on transesophageal echocardiograms
(TEE). Much has been written about interatrial communications, but a research gap
exists regarding relationships between PFO morphology and degrees of right-to-left
shunting (RLS).** Currently, PFO closure by device implantation is widely performed
to prevent recurrent ischemic stroke in patients with cryptogenic stroke (CS) who are
candidates for percutaneous interventional therapy.® However, understanding the
relationship between PFO morphology and the degree of RLS is necessary for suc-
cessful PFO closure.”®
Studies of shunt grade have produced contrasting data on the risks associated with
persistent RLS"" The anatomic and functional characteristics of PFO that increase
the risk of recurrent stroke are poorly understood. Therefore, we compared differences
in PFO morphology and follow-up data among 2 groups of CS patients who had RLS
of varying severity.

Patients and Methods

We identified 268 patients younger than 60 years of age who were diagnosed with
CS and underwent PFO closure at our hospital from April 2012 through April 2015.
All the patients met the current standard indications for undergoing percutaneous
transcatheter PFO closure.”” Before the procedure, they underwent preoperative con-
trast transthoracic echocardiography (TTE), TEE, and either computed tomogra-
phy (CT) or magnetic resonance imaging (MRI); PFO closure was fluoroscopically
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guided. Stroke was defined as a focal neurologic deficit
resulting from cerebral ischemia with a neuroanatomi-
cally relevant infarct on images or in accordance with
symptoms lasting >24 hours.”

The patients gave written informed consent, and
the local ethics committee approved this study. In ac-
cordance with degree of RLS, we divided the cohort
into 2 groups: a persistent group (112 patients who
had RLS on TTE during normal breathing and the
Valsalva maneuver [VM]), and a VM group (156 who
had RLS only during the VM). The groups’ baseline
characteristics were similar except that more patients in
the persistent group had multiple or bilateral ischemic
brain lesions (Table I). We reviewed morphologic fea-
tures, procedural data, and follow-up data.

Echocardiographic Protocols and Definitions
The Vivid E9 color-Doppler ultrasound system (GE
Healthcare) with a 2- to 4-MHz transducer was used
to perform TTE, and a 4- to 7-MHz transducer was
used for TEE. The apical 4-chamber view was generally
selected. All right atrial and interatrial septal characteris-
tics were recorded, including PFO diameters and tunnel
length, as well as atrial septal aneurysm (ASA), promi-
nent eustachian valve, or a Chiari network (Fig. 1).

We defined PFO diameter as the maximum distance
between the septum primum and secundum. Tunnel
length was the maximum overlap of the septum pri-
mum and secundum. An ASA was defined as the excur-
sion of the septum primum into the atria exceeding 10
mm or total excursion distance exceeding 15 mm." If
a soft atrial septum precluded clear diagnosis of ASA,
we recorded whether the atrial septal excursion distance
exceeded 6.5 mm (an indication of septal mobility). The
eustachian valve was measured for prominence from the
end of the muscular ridge to the free-floating end in the

TABLE I. Baseline Characteristics of the Study Groups

right atrium.”'¢ A Chiari network was diagnosed when
coarse or fine fibers were seen in the right atrium.” The
fibers originated from the eustachian or a Thebesian
valve at the orifice of the inferior vena cava or at the
coronary sinus and were attached to the upper right
atrial wall or the interatrial septum.

Evaluating RLS is subjective. We confirmed RLS
when microbubbles (MBs) were seen in the left atrium
within the first 3 cardiac cycles after contrast appeared
in the right atrium during normal respiration or the
VM. We ranked RLS severity on a 4-level scale: level
1 indicated that no MBs appeared in the left atrium
in any image frame (no RLS); level 2, <10 MBs (mild
RLYS); level 3, 11 to 30 MBs (moderate RLS); and level
4, >30 MBs (severe RLS).*

Patent Foramen Ovale Closure

The patients were given intravenous antibiotics one hour
before the PFO closure procedure and local anesthesia
when the procedure started. The operator determined
device size in accordance with the characteristics of each
PFO. The Amplatzer PFO Occluder (St. Jude Medical,
part of Abbott) was always used. Device implantation
was guided by fluoroscopy only, through the right femo-
ral vein. Heparin (80-100 IU/kg) was administered in
accordance with each patient’s body weight. Within 24
hours postprocedurally, all patients underwent TTE ex-
amination for early residual shunting and pericardial ef-
fusion. Therapy involved low-molecular-weight heparin
(10 U/kg - hr for 48 hr), clopidogrel (50-75 mg/d for 3
mo), and aspirin (100 mg/d for 6 mo).

Follow-Up

All patients were monitored 1, 3, 6, and 12 months after
device implantation and then yearly thereafter. At one
month, Holter monitoring and TTE were performed

Persistent Group VM Group
Variable (n=112) (n=156) P Value
Age (yr) 43 (39-54) 45.5 (35-517) 0.439
Weight (kg) 67.8+11.2 65.2+18.5 0.073
Male 65 (58) 72 (46.2) 0.055
Hypertension 12(10.7) 15 (9.6) 0.768
Diabetes mellitus 6 (5.4) 9(5.8) 0.885
Hyperlipidemia 16 (14.3) 19(12.2) 0.614
History of smoking 52 (46.4) 59 (37.8) 0.158
Mutation methylenetetrahydrofolate reductase 21 (18.8) 24 (15.4) 0.467
Hyperhomocysteinemia 12 (10.7) 16 (10.3) 0.904
Multiple or bilateral ischemic lesions on CT or MRI 90 (80.4) 101 (64.7) 0.005

CT = computed tomography; MRI = magnetic resonance imaging; VM = Valsalva maneuver

Data are presented as median and interquartile range, as mean + SD, or as number and percentage. P <0.05 was considered

statistically significant.
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Fig. 1 Transesophageal echocardiograms show A) a patent fora-
men ovale (arrowhead) with A) an atrial septal aneurysm (arrow),
B) a long tunnel (arrow), C) a prominent eustachian valve (arrow),
D) a Chiari network (arrow), and E) an atrial septal excursion
distance >6.5 mm (arrow).

to detect atrial fibrillation or device embolization. At 3
months, contrast TTE was performed to detect residual
RLS. If none was seen, no contrast TTE was neces-
sary thereafter. Otherwise, patients underwent contrast
TTE 6 months after the procedure. All were monitored
through telephone questionnaires or during office visits
with cardiovascular and neurologic specialists. When
patients had palpitations or chest pain, Holter monitor-
ing and electrocardiography were performed. Follow-up
was completed by 30 April 2017.

Statistical Analysis

Data were analyzed with use of SPSS 19.0 for Win-
dows (SPSS, an IBM company). Normally distributed

246  Persistent Right-to-Left Shunting in Cryptogenic Stroke

quantitative variables were presented as mean £ SD.
Differences in means for continuous variables were
compared by using the Student # test. For nonnormally
distributed variables, we used median and interquartile
range and compared differences in median by using the
Mann-Whitney U test. Categorical data were presented
as number and percentage. We used the %2 or Fisher
exact test for 2-group comparisons. P values <0.05 were
considered statistically significant.

Results

The median PFO diameter in the persistent group, 2.5
mm (range, 1.8-3.9), was larger than that of 1.3 mm
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(range, 0.9-1.9) in the VM group (P <0.001). Twenty-
five patients in the persistent group (22.3%) had ASA,
compared with 18 patients in the VM group (1.5%) (P
<0.018). Nine in the persistent group (8%) had an atrial
septal excursion distance >6.5 mm, compared with 3
(1.9%) in the VM group (P=0.017) (Table II).

Technical success (device deployment) and proce-
dural success (no major in-hospital adverse events)
were achieved in all the patients (Table III). Procedural
complications included 2 arteriovenous fistulae (one
per group), 2 pseudoaneurysms (one per group), and an
inguinal hematoma (persistent group).

The mean follow-up time was 3.1 + 1 years. At 6
months, we detected residual RLS in 3 patients in the
persistent group and none in VM patients. One patient
in the persistent group died of lung cancer during the
study period.

The rates of recurrent stroke or TIA per 100 patient-
years were 0.298% in the persistent group and 0.214%
in the VM group (no difference in risk). Multivariate
logistic regression, adjusted simultaneously for age and

sex, produced an odds ratio of 0.787 (95% CI, 0.046—

13.468; P=0.869). Transient ischemic attack recurred in
one patient in the persistent group (at 1 mo) and one in
the VM group (at 3 mo). The first had trace RLS but
the second had none, suggesting an alternative cause of
the TTA. In the persistent group, 2 patients (1.8%) had
paroxysmal atrial fibrillation (at 2 wk and 3 mo, respec-
tively); sinus thythm resumed spontaneously in the first
and after pharmacologic conversion in the second. We
observed no occluder translocation, erosion, pericardial
effusion, or puncture-site bleeding.

Discussion

Although PFO in patients with CS has been widely
treated, few relevant reports on the significance of per-
sistent RLS have been published. Our study revealed
degrees of causality: persistent RLS was associated with
multiple and bilateral ischemic lesions and larger PFOs,
and its association with ASA and greater atrial septal
excursion distance may relate to more cases of residual
shunting after PFO closure.

TABLE Il. Comparison of Patent Foramen Ovale Morphology Between the Study Groups

Persistent Group VM Group

Variable (n=112) (n=156) P Value
PFO diameter (mm) 2.5(1.8-3.9) 1.3(0.9-1.9) <0.001
Tunnel length (mm) 6.8 (5-8.4) 6.9 (5.3-8.3) 0.779
Atrial septal aneurysm 25(22.3) 18 (11.5) 0.018
Atrial septal excursion distance >6.5 mm 9(8) 3(1.9) 0.017
Prominent eustachian valve 2(1.8) 3(1.9) 0.9999
Chiari network 3(2.7) 4(2.6) 0.9999

PFO = patent foramen ovale; VM = Valsalva maneuver

Data are presented as median and interquartile range or as number an

d percentage. P <0.05 was considered statistically significant.

TABLE lll. Procedural Characteristics

Persistent Group VM Group

Variable (n=112) (n=156) P Value
Systolic PAP (mmHg) 21 (19-23) 20 (19-22) 0.02
Mean PAP (mmHg) 13 (12-14) 13 (12-13) 0.646
Procedure time (min) 20 (19-25) 22 (22-25) 0.034
Fluoroscopy time (min) 3(2-3) 3(3-3) 0.227
Procedural complications — — 0.954

Arteriovenous fistula 1(0.9) 1(0.6) —

Pseudoaneurysm 1(0.9) 1(0.6) —

Hematoma 1(0.9) 0 —

PAP = pulmonary artery pressure; VM = Valsalva maneuver
Data are presented as median and interquartile range or as number an

Rates of technical and procedural success were 100% in both groups.

d percentage. P <0.05 was considered statistically significant.
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Severe RLS and larger PFO openings have been iden-
tified as the chief contributors to paradoxical embolism
in stroke patients.”? However, PFOs can be short or an-
gular, and they may have other anatomic characteristics
that complicate measuring the opening. Moreover, the
maximal shunting that usually occurs during the VM
cannot always be obtained in stroke patients, and the
type and level of strain almost always differ. Therefore,
determining the presence of persistent RLS (during nor-
mal breathing and VM) is crucial.

In our study, patients with persistent RLS were more
likely to have multiple and bilateral ischemic brain le-
sions on MRI and CT, as Rigatelli and colleagues re-
ported." Our findings that the severity of strokes in
patients with persistent RLS is greater than in those
without it indicate that persistent RLS is an indepen-
dent risk factor. Presumably, patients with persistent
RLS are at risk of paradoxical embolism for longer time
periods than are patients whose RLS is induced only by
the VM.

Tunnel length, prominent eustachian valves, and
presence of Chiari networks did not differ significantly
between groups, suggesting that some but not all mor-
phologic features of PFO and concomitant septal ab-
normalities influence the cause of CS. Schuchlenz and
colleagues* reported that larger PFOs and higher-degree
RLS correlated with a higher incidence of paradoxical
embolism. The risks of initial and recurrent TIA and
ischemic stroke increased significantly with PFO diam-
eters >4 mm; furthermore, the severity of RLS increased
accordingly with larger PFO diameter. In addition, we
found that ASA and atrial septal excursion distance >6.5
mm correlate with PFO diameter, so a mobile interatrial
septum may indicate persistent RLS. Finally, our find-
ing that patients with persistent RLS are more likely to
have multiple or bilateral ischemic strokes is consistent
with previous studies in which PFO-associated ASA
increased stroke severity.>**

The residual RLS in our persistent group indicates
the importance of carefully characterizing larger, more
complex PFOs before guiding and deploying the oc-
cluder in these patients, as well as evaluating them post-
procedurally. However, despite varying PFO anatomies
between groups, we found no significant difference in
annual risk of recurrent TIA or ischemic stroke. Two
explanations may apply. First, although the PFOs dif-
fered anatomically on TEE, our goal was to determine
which occluder size would best reduce each patient’s risk
of residual RLS. Second, our study’s relatively short 3.1-
year follow-up time was perhaps not long enough for all
instances of embolization to recur, leading to the lack
of significant differences in stroke recurrence rates be-
tween groups.

Limitations. The limitations of our study include its
single-institution, retrospective, nonrandomized design,
which may have introduced selection bias. In addition

248  Persistent Right-to-Left Shunting in Cryptogenic Stroke

to the small sample size, the follow-up time of 3.1 years
may have been too short for all embolic events to de-
velop. Studies that include larger numbers of patients
and longer follow-up times are needed to generate a
substantial clinical message.

Conclusions

Our study suggests that, among patients undergoing
PFO closure for CS, those with persistent RLS have
greater numbers of severe ischemic lesions, larger PFOs,
greater atrial septal excursion distances, and higher in-
cidences of ASA than do patients without persistent
RLS. Although our persistent group had a greater risk
of residual RLS after PFO closure than did our VM
group, the rates of recurrent stroke or TTA did not differ
significantly.
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