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Abstract

Background Research indicates that abnormal embolism caused by patent foramen ovale (PFO) may
play an important role in cryptogenic stroke (CS). However, most researches has focused on young
patients, and whether abnormal embolism caused by PFO also plays an important role in elderly CS is
uncertain. The purpose of this study is to analyze the clinical characteristics of elderly patients with PFO,
and to explore the correlation between elderly PFO and ischemic stroke.

Methods 62 elderly patients diagnosed with ischemic stroke admitted to Qilu Hospital of Shandong
University from April 2014 to April 2019 were selected as the Test Group. 62 non-stroke patients in our
hospital's physical examination center and outpatient clinic were selected as the Control Group. Collect
clinical data of patients for retrospective analysis.

Results The incidence of PFO in the Test Group was significantly higher than that in the Control Group,
the difference was statistically significant (p<0.05). The proportion of large and medium shunt patients
in the Test Group was significantly higher than that in the Control Group (p<0.05). The proportion of
patients with migraine in the PFO (+) group in the Test Group was significantly higher than the stroke
patients in the PFO (-) group (p< 0.05).

Conclusions The shunt volume of the PFO is related to ischemic stroke and may be a risk factor for
ischemic stroke.

Background

Stroke is an extremely serious disease that threatens human health worldwide. Stroke has caused a
serious economic burden due to its high case fatality rate and disability rate. Stroke is divided into
ischemic stroke and hemorrhagic stroke [ 2. Among them, ischemic stroke is the most common type of
stroke, accounting for about 60% -80% of all strokes. Ischemic stroke refers to local cerebral tissue

ischemia and hypoxia due to various reasons, resulting in corresponding neurological deficits 13- 4],

Common risk factors for ischemic stroke include hypertension, diabetes, atrial fibrillation, dyslipidemia,
smoking, drinking, obesity, unreasonable diet and nutrition [51. However, in recent years, many researches
has shown that patent foramen ovale (PFO) is closely related to ischemic stroke, which may be its
underlying cause. The foramen ovale is the normal physiological channel between the left and right atria
in the fetal period, and also the life channel of the fetus [¢1. Umbilical vein blood from the mother enters
the left heart of the fetus through this channel and supplies the oxygen and nutrients needed by the fetus
for development. The foramen oval will generally gradually reach anatomical closure 5-7 months after
the birth of the fetus. If it is not closed for more than 36 months, we call it PFO. According to statistics, 1
out of 4 people in the general population may have PFO, with an incidence rate of about 25% 7. Studies
have shown that the incidence of PFO in patients with ischemic stroke is significantly increased, up to
30% -40% 8. Abnormal embolism is currently considered to be the main pathogenesis of PFO leading to
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ischemic stroke, that is, because the right atrium pressure is higher than the left atrium, the venous
system and right heart embolism enter the left atrium and systemic circulation through the abnormal
right-to-left shunt pathway. This in turn causes ischemic stroke. Studies have shown that abnormal
embolism caused by PFO may play an important role in cryptogenic stroke (CS) 9] However, the specific
relationship between PFO and ischemic stroke is still unclear. The diagnostic methods of PFO include
transesophageal echocardiography, transthoracic echocardiography, transcranial Doppler ultrasound
foam test, etc. Among them, transesophageal echocardiography has always been regarded as the gold
standard for PFO examination, with high sensitivity and specificity. In recent years, the transcranial
Doppler ultrasound foam test has been widely used in clinic because of its advantages of non-invasive,
safe, simple operation and convenience. A number of recent studies suggest that transcranial Doppler
ultrasound foam testing has higher sensitivity than transesophageal echocardiography 19!,

At present, most studies are focused on young patients [''l. Whether abnormal embolism caused by PFO
also plays an important role in elderly CS, and whether it also increases the risk of stroke in patients with
atherosclerosis remains to be explored. This study aims to analyze the relationship between PFO and
ischemic stroke by comparing the incidence and shunt of PFO in the stroke group and the Control Group.
Explore the effect of PFO flow rate on the severity and prognosis of ischemic stroke. Improve people's
understanding of ischemic stroke, oval foramen and their connection, and provide help for clinical
diagnosis and treatment.

Methods

Study population

62 elderly patients diagnosed with ischemic stroke admitted to Qilu Hospital of Shandong University from
April 2014 to April 2019 were selected as the Test Group. 62 non-stroke people in our hospital's physical
examination center and outpatient clinic were selected as the Control Group. The diagnosis of the Test
Group were accorded the diagnostic criteria, and head CT was used to exclude cerebral hemorrhage. All
patients in the group underwent head CT, head MRI, neck vascular ultrasound, heart ultrasound, TCD
foam test, electrocardiogram or dynamic electrocardiogram and blood routine, liver and kidney function,
full blood glucose, blood clotting routine, and homocysteine level. The patients in the Test Group were
treated with anti-platelet aggregation according to the diagnosis and treatment guidelines. And exclude
according to the following criteria: (1) Those who complicated with severe liver, kidney and other medical
and surgical diseases. (2) Those who cannot cooperate with various inspections and complete follow-up.
(3) Those who do not want to be examined. (4) Patients with severe stenosis or occlusion of middle
cerebral artery. The study protocol was reviewed and approved by the Qilu Hospital of Shandong
University Ethical Committee. Patients gave informed consent prior to study participation.

Clinical assessment
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Collected the clinical history of each patient, including age, gender, age, hospitalization number and risk
factors for cerebrovascular diseases such as hypertension, diabetes, hyperlipidemia,
hyperhomocysteinemia, atrial fibrillation, smoking history, and drinking history. Physical and neurological
examinations were performed by two different neurologists.

Evaluation of neurological deficit and prognosis

The National Institutes of Health Stroke Scale (NIHSS) was used to assess the degree of neurological
deficit in patients with ischemic stroke within 24 hours of admission and discharge, including
consciousness, gaze, visual field, facial paralysis, limb movement, ataxia, sensation, language, dysarthria,
and neglect. A higher NIHSS score indicates a greater degree of neurological deficit, and a lower score

indicates a lower degree of neurological deficit [2.

PFO assessment

Used the EMS-9A TCD diagnostic instrument (Delical, Guangdong, China), in the embolic monitoring
mode, the probe with a fixed frequency of 2 MHz was used to monitor the unilateral middle cerebral artery
and displayed the blood flow velocity change curve at the same time. The operator was an experienced
professional TCD doctor who taught the patient how to perform the standard Valsalva action before the
examination, that is, blew the gas to the pipe connected to the mercury pressure gauge for 10s, required
the mercury to be blown up to 40 mm Hg. Opened venous access in arm and connect tee. Took a 10ml
syringe that has drawn 9ml of normal saline, connected it to the tee, and drew back 1-2 drops of blood.
Took another 10 ml syringe that sucks 1 ml of air and connected it to the tee. Adjusted the tee, and
pushed back the two syringes quickly 20 times, so that the physiological saline, blood, and air were
evenly mixed to make a mixed blood to activate physiological saline. Quickly pushed the mixed blood
activated saline into the elbow vein, used transcranial Doppler, placed the probe on the patient's temporal
window (or eye window) for examination. Observed and recorded the changes of the frequency spectrum
signals, and compared them during normal and smooth breathing and during Valsalva maneuver. A
typical bubble embolic signal was recorded on either side of the middle cerebral artery TCD within 20s of
mixed saline-activated saline injection, that is, TCD diagnosis was positive for PFO [3.14]

Statistical analysis

The data are expressed as the means + standard deviations (SDs). An independent sample ttest was
used to compare the differences between two groups of data satisfying normal distribution. The
significance of differences among groups was evaluated by analysis of variance (ANOVA) followed by
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Tukey'’s test. The statistical analyses were performed using GraphPad 7.0 (GraphPad Software, Inc., La
Jolla, CA, USA). Statistical significance was accepted at p < 0.05.

Results

Clinical feature

In the primary analysis, the clinical characteristics of the patients were shown in Table 1. In this study,
retrospective analysis was carried out by collecting clinical data of patients. Of the 62 patients in the Test
Group, 31 were male and 31 were female. The age of Test Group was 67.42 + 5.73 years old. Of the 62
patients in the Control Group, 32 were male and 30 were female, aged 68.01 + 4.89 years. There was no
statistically significant difference in demographic characteristics between the two groups.

Table 1. Comparison of demographic characteristics of between Control Group and Test Group.

All Control Group  Test Group pvalue
Female:male 63:61 32:30 31:31 >0.05
Age (mean + SEM) 67.68+491 68.01+4.89 67.42+573 >0.05
Hypertension (n, %) 581146.77N 30K48.39K 28l45.16N >0.05
Diabetes 19115.320 10K16.13K 9N14.52N >0.05
Smoking 35028.23H 20K32.26N 15024.191 >0.05
Alcohol intake 24)19.350 10K16.13K 14K22.58M >0.05
History of migraine 3MH2.42K T61.61K 2013.23K >0.05
History of stroke/TIA  16[12.90K 6l19.68H 10016.13K >0.05

Occurrence of PFO in patients in Test Group and Control Group

We found that among the 62 patients in the Test Group, there were 17 patients with PFO (+), and the
incidence of PFO was 27.42%. In Control Group, there were 4 patients with PFO (+), and the incidence of
PFO was 6.45%. And the difference in the incidence of PFO between the Test Group and the Control
Group was statistically significant (p < 0.01) (Figure 1). Then, used PFO as the independent variable,
logistic regression analysis was used to determine whether the subject had ischemic stroke as the
dependent variable. We found that the PFO was closely related to ischemic stroke and was one of the risk
factors for ischemic stroke (p < 0.01, OR=2.259, 95% CI: 1.14-4.31).
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The degree of shunting of PFO in the Test Group and the Control Group

In the Test Group, there were 2 patients (11.76%) with a large number of PFO shunts, 2 patients with a
moderate shunt (11.76%), 4 patients with a small shunt (23.53%), and 9 patients with no shunt (52.94%).
In the Control Group, 1 patient (25.0%) had small shunt, and 3 patients (75.0%) had no shunt. Compared
the shunt degree of the two groups of patients, the difference was statistically significant (p < 0.01)
(Figure 2).

Comparison of the severity of neurological deficits in patients

We first divided the stroke patients in the Test Group into PFO (+) group and PFO (-) group, compared the
admission NIHSS scores of the two groups of patients, and found that there was no statistical
significance (p > 0.05). Then, according to the PFO shunt, stroke patients in the PFO (+) group were
divided into a small shunt group, a middle shunt group, and a large number of shunt groups, and the
severity of neurological deficits in different shunt groups was compared. However, we found that it was
no statistical significance (p > 0.05).

Comparison of risk factors of cerebrovascular disease

We found that in the Test Group, there were 10 male patients and 7 female patients in the PFO (+) group,
aged (67.52 + 3.15) years, including 8 cases of hypertension, 2 cases of diabetes, 5 cases of smoking, 4
cases of alcohol intake, 2 cases of history of migraine, and 3 cases of history of stroke / TIA. In the PFO
(+) group, there were 21 males and 24 females, aged (68.04 + 4.87) years. There were 20 cases of
hypertension, 7 cases of diabetes, 10 cases of smoking, 10 cases of alcohol intake, 0 cases of history of
migraine, and 7 cases of history of stroke / TIA. After comparison, the proportion of PFO (+) combined
with migraine was higher than that of PFO (-) group, the difference was statistically significant (p < 0.05),
and the other groups had no statistical difference (p > 0.05) (Table 2).

Table 2. Comparison of risk factors of cerebrovascular disease between PFO(-) Group and PFO(+) Group.
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PFO(-) PFO(+) pvalue
Female:male 21:24 10:7 >0.05
Age (mean + SEM) 68.04+4.87 67.52+3.15 >0.05

Hypertension (n, %) 20044.44% 847.06K >0.05
Diabetes 71115.16M 21011.76H >0.05
Smoking 10[22.221 5K29.41K >0.05
Alcohol intake 10K22.221 47123.53K >0.05
History of migraine OroK 2011.76H <0.05
History of stroke/TIA  7K15.56K 3117.65K >0.05

Discussion

The foramen ovale is a physiological channel during the fetal period, which allows the blood in the right
atrium to flow into the left atrium and maintain the blood circulation of the fetus [5]. After the fetus is
born, with the establishment of its own pulmonary circulation, most will gradually close 5-7 months after
birth. But some people will not be completely closed, leaving a gap-like defect, called PFO. Studies have
shown that the incidence of PFO in the normal population is approximately 25% -30% [16l. But for a long
time, the foramen oval is not considered to cause serious clinical consequences. In recent years, more
and more studies have shown that the foramen ovale can lead to the occurrence of ischemic stroke ['7].
The research on the foramen ovale and ischemic stroke has become a hot spot. Studies have shown that
the incidence of PFO in patients with ischemic stroke is increased, the incidence of PFO in normal adults
is 17-35%, and the incidence of stroke patients is as high as 40-45% ['8]. A related meta-analysis found
that the prevalence of PFO was 6 times higher in patients with cryptogenic stroke < 55 years of age than
those with a clear etiology of the same age ['9. A summary of the meta-analysis of 29 cohort studies
from 1988 to 2008 showed that 27 of them confirmed the correlation between PFO and cryptogenic
stroke [29]. The results of Cabanes et al. 2" also showed that the relative risk of thromboembolic events in
PFO was four times that of the normal control group, indicating that PFO was positively correlated with
the risk of ischemic stroke. Kent et al. [221 ysed the Risk of Paradoxical Embolism (RoPE) scale to analyze
the correlation between stroke and PFO. The scale includes risk factors such as cortical stroke, diabetes,
hypertension, smoking, previous stroke or transient ischemic attack, and age. Calculate the score to
determine whether PFO is the cause of stroke. If the ROPE score is high, it is more likely to consider PFO-
related stroke. It also indicates that the fewer patients have traditional cerebrovascular risk factors, the
more likely PFO is the cause of stroke. However, researches on elderly patients is still lacking.

This study focuses on elderly patients with ischemic stroke. In this study, there were 62 stroke patients in

the Test Group and 62 patients in the Control Group. There was no statistical difference in age and

gender between the two groups. Among them, there were 17 stroke patients with PFO in the Test Group,
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and the incidence of PFO was 27.42%, the number of people with PFO in the Control Group was 4 and the
incidence of PFO was 6.45%. The incidence of PFO in the Test Group was significantly higher than that in
the Control Group, suggested that the PFO was closely related to stroke. Further regression analysis of the
risk factors of ischemic stroke in the two groups showed that PFO was a risk factor for ischemic stroke.

The mechanism of the PFO leading to ischemic stroke is currently unclear. However, there are the
following mechanisms for the ischemic stroke caused by the PFO, and the most likely mechanism is
considered to be abnormal embolism. That is, when the right heart pressure increases, such as
pulmonary hypertension, cough, Valsalva action, the venous system or right heart embolism enters the
systemic circulation, resulting in the abnormal right-to-left shunt channel formed by PFO, resulting in the
occurrence of ischemic stroke. Some studies proposed that the diagnostic criteria for abnormal embolism
include deep vein thrombosis and pulmonary embolism, there is an abnormal channel between the left
and right hearts, and there is a pressure gradient from right to left shunt in the heart, with imaging or
pathology 23 24 However, it has been found in clinical work that only a few patients with PFO-related
ischemic stroke can find venous thrombosis. At the same time, many patients do not have pulmonary
hypertension or do not perform Valsalva maneuvers at the time of onset. Therefore, there is no source of
emboli or incentives to increase the pressure of the right heart, which does not support the theory of
abnormal embolism 25!, However, some scholars have pointed out that the emboli that cause PFO-related
ischemic stroke are mostly from the deep veins and are asymptomatic. Studies have found that the
incidence of pelvic deep vein thrombosis in stroke patients with unclear etiology is significantly higher
than that of stroke with clear etiology patients (20% vs 4%) 1261, However, the sensitivity of current
auxiliary examination methods is too low, and ultrasound examination cannot detect pelvic deep vein
thrombosis, and even the detection rate of deep vein thrombosis of the lower extremities is also low. High
conditions also limit the clinical traceability of the source of emboli. Eaggers et al. 27! believe that the
mechanism of abnormal embolism of PFO without venous thrombosis may be related to the
hypercoagulable state caused by transient platelet activation induced by the load state, causing transient
thrombosis, and thus the occurrence of embolism. In situ thrombosis caused by PFO is also considered
to be one of the mechanisms. PFO is a structure similar to a pipe, in which blood may accumulate,
theoretically causing the generation of local eddy currents and forming thrombus. However, no case
report of PFO thrombosis in situ has been found. Other mechanisms include arrhythmias such as
paroxysmal atrial fibrillation, abnormal coagulation functions such as S protein dysfunction, abnormal
protein C activation, and prothrombin gene mutations such as G20210AF2, leading to thrombosis [27- 28],
Several studies have found that embolism caused by PFO is related to the size and shunt volume of PFO
29,301 The |arger the diameter of PFO, the greater the shunt volume, and the higher the probability of
cerebral embolism B, In this study, there were 4 patients with large and moderate PFO in the Test Group,
accounting for 23.53%. A large number of shunt patients were not found in the Control Group. The Test
Group was significantly higher than the Control Group, suggesting that medium and large shunts may be
a high-risk factor for ischemic stroke, and also suggested that abnormal embolism may be the
mechanism of stroke.
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Common risk factors for ischemic stroke include hypertension, diabetes, coronary heart disease,
hyperlipidemia, and carotid atherosclerosis 132 331, However, the risk factors for ischemic stroke with PFO

have their own characteristics. Josep et al. 34 compared the risk factors of stroke patients with PFO and
stroke patients without PFO and found that stroke patients with PFO were younger and had fewer
traditional vascular risk factors such as hypertension, dyslipidemia and smoke, etc 3%, In this study, we
compared the common risk factors of stroke patients in PFO (+) group and PFO (-) group to explore the
characteristics of risk factors of patients with ischemic stroke combined with PFO. We found that the
proportion of patients with migraine in the PFO (+) group was significantly higher than those in the PFO
(-) group, suggesting that stroke patients with PFO were more likely to have migraine. And related
research shows that PFO is closely related to migraine, especially with migraine with aura [36]

Conclusions

In summary, shunt volume of the PFO is related to ischemic stroke and may be a risk factor for ischemic
stroke.

Abbreviations

CS: cryptogenic stroke; PFO: patent foramen ovale.
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Figure 1

The occurrence of PFO in Test Group and Control Group. Test Group vs. Control Group: **p < 0.01.
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Figure 2

The shunt degree of PFO in Test Group and Control Group. Test Group vs. Control Group: **p < 0.01.
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