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ABSTRACT 
Background: Patent foramen ovale (PFO) has been considered a potential mechanism of embolic stroke of undetermined origin. Objective: The 
aim of the present study was to identify the features of the right-to-left shunt (RLS) in patients with undetermined embolic ischemic stroke 
and compare them with those of patients with non-cardioembolic ischemic stroke. Methods: A retrospective study was conducted with 
168 patients with stroke and RLS separated into the following two groups: the undetermined embolic stroke group (UES group) and non-
cardioembolic stroke group (NCES group). All patients were assessed by transcranial Doppler to evaluate the presence and quantification of 
microembolic signals (MES) at rest and under Valsalva maneuver. Results: Of all patients evaluated in the current study, 96 were included in 
the UES group and 72 in the NCES group. In the UES group, 65 patients had RLS with ≥10 MES (67.7%), which was higher than that observed 
in the NCES group (51.4%, p=0.038). According to the moment of the cardiac cycle, 75 patients (78.1%) in the UES group had a positive test 
at rest compared to 42 (58.3%) in the NCES group (p=0.007). Conclusions: The current study demonstrated that almost 70% of patients with 
undetermined embolic stroke and PFO presented a large RLS and more than 75% had RLS at rest. These findings suggest that the size of the 
shunt should be taken into account when evaluating whether PFO could be a possible mechanism underlying cryptogenic stroke. 
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RESUMO 
Antecedentes: Uma das potenciais fontes embólicas no acidente vascular cerebral (AVC) de origem indeterminada é o forame oval patente 
(FOP). Objetivo: O objetivo do presente estudo foi identificar as características do shunt direita-esquerda em paciente com AVC de etiologia 
indeterminada, presumidamente embólica, e comparar tais características com pacientes apresentando AVC por outras causas não embólicas. 
Métodos: Trata-se de um estudo retrospectivo com 168 pacientes com AVC e forame oval patente, separados em dois grupos: AVC embólico 
de etiologia indeterminada e AVC por outras causas não embólicas. Todos os pacientes foram submetidos a Doppler transcraniano, para 
avaliar a presença de shunt direita-esquerda por meio do teste de embolia paradoxal. Além da quantificação de microbolhas, também foi 
avaliada a presença de shunt em repouso e sob manobra de Valsalva. Resultado: Do total, 96 pacientes foram incluídos no primeiro grupo 
(AVC indeterminado) e 72, no segundo grupo (AVC não embólico). No primeiro grupo, 65 pacientes exibiram shunt com passagem de mais 
de 10 microbolhas (67,5%), enquanto no segundo grupo isso aconteceu em 51,4% (p=0,038) dos casos. Além disso, 75 pacientes (78,1%) do 
primeiro grupo tiveram teste positivo ao repouso, comparados com 42 pacientes (58,3%) no segundo grupo (p=0,007). Conclusão: O presente 
estudo demonstrou que até 70% dos pacientes com AVC de etiologia indeterminada e forame oval apresentaram shunts maiores; em 
mais de 75%, houve passagem de microbolhas ao repouso. Esses achados sugerem que as características do shunt, como quantidade de 
microbolhas e passagem ao repouso, devem ser levadas em consideração na avaliação do FOP como possível mecanismo subjacente ao AVC. 

Palavras-chave: Forame Oval Patente; Embolia Paradoxal; Ultrassonografia Doppler Transcraniana; Acidente Vascular Cerebral; AVC Isquêmico.
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INTRODUCTION

Up to 30% of all ischemic stroke events are of undeter-
mined etiology1. Paradoxical embolism, related to a right-to-
left shunt (RLS) through a patent foramen ovale (PFO), is one 
of the possible mechanisms2,3,4.

PFO, a persistent congenital opening in the interatrial 
septum, is found in about 25% of the adult population5. 
In young patients with cryptogenic stroke, this prevalence 
can be as high as 56%6,7. In 2017, three large randomized 
controlled trials (RESPECT, CLOSE, and REDUCE) sug-
gested that percutaneous closure of PFO could be more 
effective than medical therapy in preventing recurrent 
stroke in patients younger than 60 years, despite increasing 
the risk of atrial fibrillation/flutter8,9,10. 

RLS diagnostic screening is performed with contrast 
transcranial Doppler (c-TCD) or transesophageal echo-
cardiography (TEE), with advantages and disadvantages 
in each method. c-TCD is a highly sensitive test to assess 
RLS, but it cannot differentiate between cardiac and pulmo-
nary shunts. On the other hand, c-TCD is not invasive and 
does not require patient sedation; therefore, the patient is 
more amenable to undergo an adequate Valsalva maneu-
ver. Many studies have shown high sensitivity and specific-
ity of c-TCD compared to c-TEE11,12,13. The aim of the pres-
ent study was to use c-TCD to identify the features of RLS 
in patients with embolic cryptogenic ischemic stroke and 
compare with findings of patients with non-cardioembolic 
ischemic stroke.

METHODS

This study was a retrospective analysis of a prospec-
tive databank, including patients with ischemic stroke and 
RLS. These patients were selected from the outpatient clin-
ics of the Hospital de Clínicas of the Universidade Federal 
do Paraná (UFPR) and of the Universidade Estadual Paulista 
“Júlio de Mesquita Filho” (UNESP). Patient’s selection 
occurred between March 2014 and October 2016. The study 
was approved by the local Ethics Committee and the board 
waived the need for patient consent.

All patients underwent a brain scan (axial computed 
tomography or magnetic resonance image) to confirm the 
presence of a lesion consistent with a diagnosis of isch-
emic stroke. Patients were separated into the following two 
groups: undetermined embolic stroke group (UES group) and 
non-cardioembolic stroke group (NCES group). 

Inclusion criteria for the UES group were as follows: 
1) adult patients (≥18 years old) with non-lacunar stroke 
detected by CT or MRI; 2) absence of extracranial or intra-
cranial atherosclerosis causing ≥50% luminal stenosis in 
arteries supplying the area of ischemia; 3) no major-risk car-
dioembolic source of embolism (confirmed by transthoracic 

echocardiography and electrocardiogram); 4) no other spe-
cific cause of stroke identified (e.g., arteritis, dissection, 
migraine/vasospasm, drug misuse)14. 

Inclusion criteria for the NCES group was based on the 
ASCOD definition: a minimum investigation with echo-
cardiogram (ECG) and transthoracic echocardiogram 
(TTE) showing absence of cardioembolic mechanism (C1 
and C2) plus the presence of one potentially causal mech-
anism (1) or of uncertain causality (2): atherosclerosis (A), 
small vessel disease (S), other etiologies (O), or dissection 
(D)15. An exception for this criteria was the combination 
of PFO and atrial septal aneurysm (ASA), which is clas-
sified as C2 in the ASCOD classification. These patients 
were included in the statistical analysis if they had normal 
ECG and TTE, for being considered subject of interest in 
this study. 

The following variables were analyzed: age, sex, and vas-
cular risk factors (hypertension, diabetes mellitus, hyperlip-
idemia, and smoking habit). The RoPE score was determined 
and considered in both groups for PFO risk analysis16,17. A cut-
off of 6 was chosen to identify patients with high risk of mor-
tality and recurrent ischemic events18.

The main tool used for diagnosing RLS in all patients 
was c-TCD (Doppler-Box DWL, Singen, Germany). The stud-
ies were performed by trained neurologists with a standard 
protocol briefly presented as follows. Two 2-MHz pulsed 
Doppler transducers were fixed with a head frame (DiaMon 
DWL, Singen, Germany) and both middle cerebral artery 
(MCA) main stems were concomitantly insonated with 
the M-mode technique (32 sample gates in each channel) 
through the temporal window at a depth of 50 to 65 mm with 
two spectral gates (bigate technique) 8 mm apart. For the 
contrasting solution, we combined 8 mL of saline solution 
with 1 mL of the patient’s blood and 1 mL of air in a 10-mL 
syringe. The test was repeated three times at rest and three 
times under provocative maneuvers.

The results from the bigate spectrogram and the M-mode 
test were combined for each MCA to improve the sensitiv-
ity for microembolic sign (MES) identification. All tests 
were recorded for 60 seconds with an interval of 3 minutes 
between the tests for posterior analysis. 

The MES identification was based on the international 
criteria19,20. RLS shunt was considered present when at least 
one MES was detected on both spectral gate displays and 
a bright red color was observed on the m-mode of at least 
one monitored MCA. The quantification of MES was reg-
istered according to the passage during rest and under 
Valsalva maneuver (VM). The size of the shunt was estimated 
according to the quantification of microbubbles (MBs). 
Patients  were classified into three levels: no MBs, negative 
test for RLS; ≤10 MBs, small or non-significant RLS; >10 MBs 
or significant RLS. Although there are some cut-off varia-
tions, the consensus seems to be that RLS is present if mul-
tiple MBs are detected (more than one) and is considered 
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significant whenever more than 10 MBs are detected21,22,23,24. 
No complications or adverse events were observed in 
patients during the tests.

Data were analyzed using STATA/SE 14.1 statistical soft-
ware (STATA Corp., College Station, TX, USA). Statistical 
significance was assessed by 2-tailed Fisher’s exact test or 
chi-squared test for categorical variables, Student’s t-test for 
continuous variables with normal distribution, and Mann 
Whitney test for continuous variables without normal distri-
bution. Statistical significance was set at p<0.05.

RESULTS

Of the 168 patients with ischemic stroke and RLS evalu-
ated in the current study, 96 were included in the UES group 
and 72 in the NCES group. Demographic variables are pre-
sented in Table 1. There were no differences in age and sex 
between groups. Diabetes was more frequent in the NCES 
group (9.4 vs. 20.8%; p=0.045), as well as hyperlipidemia (29.2 
vs. 48.6%; p=0.015). A RoPE Score above 6 was found in 33.3% 
of the UES patients against 26.4% in the NCES group, but this 
difference was not statistically significant (p=0.397). 

In the UES group, 64 patients (66.6%) were additionally 
investigated with TEE. Only eight patients (12.5%) had dis-
cordant tests results, with a negative RLS in TEE and positive 
RLS in c-TCD, which can be explained by increased sensitiv-
ity of the c-TCD. In this group, eight patients (12.5%) had an 
associated ASA. In NCES group, 66 patients (92%) were sub-
mitted to TEE and only two (3%) of them had ASA. In the 
UES group, prolonged cardiac monitoring for 24 hours was 
obtained in 27 (28.1%) patients; none of them presented clini-
cally relevant arrhythmias. 

In the UES group, 65 patients (67.7%) had RLS with ≥10 
MES, which was higher than that observed in the NCES 
group (37 patients [51.4%], p=0.038). Considering the pres-
ence of MES at rest or under Valsalva maneuver, 75 patients 

(78.1%) in the UES group had a positive test at rest compared 
to 42 (58.3%) in the NCES group (p=0.007). Table 2 presents 
RLS characteristics in both groups. 

DISCUSSION

The current study demonstrated that more than two 
thirds of patients with UES had large shunts. Also, most of 
them occurred at rest, which was significantly higher com-
pared to patients with NCES mechanism. These findings sug-
gest that, in patients with PFO, there is a link between fea-
tures of RLS and stroke causality.

Previous studies demonstrated that the RoPE score could 
stratify the impact of the PFO as the mechanism of ischemic 
stroke and its recurrence likelihood17. This connection was 
not observed in our study. One possible explanation could be 
the fact that the RoPE Score is based on the information from 
the medical history of the patients, neglecting size and moment 
of the shunt and anatomical issues (association of ASA).

A higher frequency of diabetes mellitus and dyslipidemia 
was found in patients with NCES compared to patients with 
UES. This could be explained by the selection criteria for 
both groups, including patients with small and large vessel 
disease (A1, A2, S1 and S2) in the NCES group and excluding 
them from the UES group (no lacunar lesion and the absence 
of significant extracranial or intracranial atherosclerosis). 
The  relationship between these two risk factors and stroke 
mechanisms was previously reported in some studies25,26,27. 
On the other hand, a lower prevalence of vascular risk fac-
tors in cryptogenic stroke has been very well documented1,28.

In the CLOSE trial, a reduction of recurrence was observed 
in patients with cryptogenic ischemic stroke and PFO treated 
by percutaneous closure. That trial selected patients with 
atrial septal aneurysm or large interatrial shunt, a subgroup 
considered at high risk of recurrence8. Meta-analyses includ-
ing the main PFO studies confirm that patients with large 
RLS benefit more from PFO closure than those with small 
RLS29,30,31. In the current study, patients with PFO and unde-
termined embolic ischemic stroke presented larger RLS than 
patients with PFO and atherothrombotic ischemic stroke, 
suggesting that the quantification of RLS could represent a 
single marker for embolic stroke related to PFO. 

Besides the size of the RLS, another important aspect 
to be considered is the presence of MES at rest and under 

Table 1. Comparison of demographic data of both groups of 
patients based on the stroke mechanism.

Stroke 
mechanism UES (96) NCES (72) p-value

Age mean±SD 53.6±14.0 52.2±14.5 0.529*

Female sex n (%) 62 (64.6) 46 (64.8) 1.000**

Hypertension n (%) 51 (53.1) 38 (51) 1.000**

Diabetes 
mellitus n (%) 9 (9.4) 15 (20.8) 0.045**

Hyperlipidemia n (%) 28 (29.2) 35 (48.6) 0.015**

Current 
smoker n (%) 26 (27.1) 27 (37.5) 0.180**

RoPE Score>6 n (%) 32 (33.3) 19 (26.4) 0.397**

UES: undetermined embolic stroke group; NCES: non-cardioembolic stroke 
group; SD: standard deviation; *Student’s t-test; **chi-squared test.

Table 2. Comparison of right-to-left shunt features of both 
groups based on stroke mechanism.

UES (96) NCES (72) p-value

RLS≥10 n (%) 65 (67.7) 37 (51.4) 0.038*

At rest n (%) 75 (78.1) 42 (58.3) 0.007*

UES: undetermined embolic stroke group; NCES: non-cardioembolic stroke 
group; RLS: right-to-left shunt; *Fisher’s exact test.
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the Valsalva maneuver. In the pathophysiological process, 
the RLS at rest could represent a “continuous” opened PFO, 
where the paradoxical embolism could occur at any moment 
of the cardiac cycle, independent of the venous return 
increase11,18,32. This was previously considered in the decision 
to perform PFO closure19.

This study had some important limitations. Patients were 
selected from an outpatient setting, after the acute phase of 
stroke. It is possible that we selected patients with a more 
benign profile by excluding those who died at the hospital or 
were disabled and could not show up for medical appoint-
ments. However, PFO is related to small embolic events more 
than to malignant infarctions5. Besides, for RLS diagnosis, 
the test sensitivity is the same whether the stroke is acute 
or chronic.

Patients included in the current study could not be 
considered as having embolic stroke of undetermined 

source (ESUS) because not all of them were submitted to 
at least 24 hours of Holter monitoring, which is an impor-
tant limitation. Additionally, TEE was not performed in 
all patients to confirm the diagnosis of associated ASA or 
the size of the shunt. Meanwhile, c-TCD is a better method 
than transesophageal echocardiography to quantify the 
RLS33,34,35. Finally, we did not analyze the importance of 
the current findings in stroke recurrence, as our aim was 
to study the aspects of the RLS (intensity of the RLS and 
positivity at rest).

In conclusion, the current study demonstrated that 78% 
of patients with undetermined embolic stroke and RLS had 
positive test results at rest; almost 70% presented a large RLS. 
More studies are needed to better elucidate the link between 
RLS and cryptogenic stroke, but we believe that the features 
of the shunt should be taken into account for risk stratifica-
tion and management. 
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