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Abstract—Background and objective:  brain
ischemia is among the most important causes of
hospitalization, morbidity and mortality. Brain stroke is
a vascular event in brain in which tissue perfusion is
impaired. Among cardiac etiologies for brain stroke,
patent foramen ovale (PFO), cardiac emboli, atrial
fibrillation (AF) and etc. are mentionable.
Echocardiography is an applied technique for
detecting cardiac etiologies of stroke. In this study we
aimed to describe frequency of each abnormal
echocardiographic finding in patients with stroke or
transient ischemic attack (TIA) referred to Afshar heart
center during 3 years.

Materials and methods: this study is a cross-
sectional descriptive-analytic study. We enrolled 145
patients with stroke or TIA referred to Afshar heart
center during 2014 to 2017 for transesophageal
echocardiography (TEE). Patients demographic, past
medical history and echocardiographic findings were
recorded in a questionnaire. All collected data were
entered SPSS 22 software for statistical analysis.
Results: our findings revealed that mean patients age
was 50.53+13.01. Among 145 studied patients 88
(60.7%) of them were male. In our study the most
common etiology for cardiac emboli was PFO (31%),
mitral valve prolapse (19.3%), interatrial septum
redundant (18.6%) and aortic atheroma (18.6%)
respectively. In our study progressive MS was
significantly more in women compared to men and
mitral annular calcification, aortic valve sclerosis,
aortic atheroma, aortic stenosis and interatrial septum
redundant was significantly more frequent in patients
above 55.

Conclusion: after this study we concluded that PFO
and mitral valve prolapse are the most common
cardiac etiologies for stroke detected in TEE.

Keywords: brain ischemia, transesophageal
echocardiography, transient ischemic attack,
stroke, cerebrovascular accident, patent foramen
ovale

*Morvarid Dadras,
Department of Cardiology, Shahid Beheshti
University of Medical Sciences
Tehran, Iran

“*Aryan Naghedi,

Department of Cardiology, Shahid Sadoughi Hospital
Shahid Sadoughi University of Medical Sciences
Yazd, Iran
a.naghedi@yahoo.com

Introduction

Brain ischemia is one of the most common causes of
hospitalization, morbidity and mortality. Brain ischemia
may present as stroke or transient ischemic
attack(TIA)(1). Brain stroke is a vascular event which
occurs because of impaired brain tissue perfusion and
clinical manifestations remain for longer than 24
hours. TIA term is used when the manifestations
disappear before 24 hours which is an alarm event for
possible brain stroke in future(2-4). Stroke or TIA is
diagnosed through clinical presentations by a
neurologist and imaging modalities such as brain
computed tomography (CT-Scan) or magnetic
resonance imaging (MRI)(5).

10% of brain strokes are hemorrhagic and 90% of
them are ischemic. Among ischemic stroke cases,
30% of cases occur due to brain vasculature
pathology, 30% are because of cardiac emboli and
almost 40% are called cryptogenic in which no certain
etiology can be defined(6). In so many of patients
diagnosed with cryptogenic stroke, finally a cardiac
etiology can be found but in recent guidelines there is
no concordance about ratio of cardioembolic
etiologies explained for cryptogenic stroke(7).
Interatrial communications (atrial septal defect or
patent foramen ovale with or without atrial wall
aneurysm) can cause stroke followed by paradoxical
emboli and elevate the risk of recurrent
thromboembolic events(8-10). In clinical evaluation it
is not an easy task to diagnose paradoxical
emboli(11). In autopsy, patent foramen ovale (PFO)
prevalence was evidenced to be around 3.27%(12). In
a study it was reported that PFO is more common in
patients susceptible for cryptogenic stroke younger
than 55, compared to control group(13). Based on
this, PFO seems to be a risk factor for ischemic brain
events in young patients. In older patients (older than
55) the association of PFO with brain stroke is less
pronounced(14).
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In this descriptive-analytic study we aimed to report
prevalence of abnormal transesophageal
echocardiography findings in patients with stroke or
TIA in an Iranian population.

Materials and methods

This study is a cross-sectional descriptive-analytic
study carried out on 145 consecutive patients with
brain stroke or TIA referred to Afshar heart center for
transesophageal echocardiography during 2014 till
2017. All patients diagnosed with TIA or stroke were
included and only patients that were not available or
their medical folder was not accessible were
excluded. All patients were aware of the research and
signed an informed consent to let their medical
information be used for research purposes. This study
was designed based on latest Helsinki declaration.

All patients underwent transesophageal
echocardiography (TEE) by an expert
echocardiography fellowship using Philips EPIQ 7
device and echocardiographic findings were collected
in a questionnaire. Recorded echocardiographic
findings were as: existence of clot, atrial fibrillation
(AF) or flutter rhythm, evidences of myocardial
infarction (MI) with regional wall motion abnormality
(RWMA), cardiomyopathy (EF<40%), left ventricle
(LV) aneurysm, non LV compaction, left atrium
appendage (LAA) clot, LAA velocity less than
20cm/sec, smoky pattern, left side mechanical or
biological valve, vegetation, non-bacterial thrombotic
endocarditis (NBTE), mitral valve prolapse (MVP)
(billowing or not), mitral annulus calcification (MAC),
mitral stenosis (severe or progressive), aortic
atheroma, aortic stenosis (AS), aortic valve sclerosis
(AVS), Lambl's excrescence, intra cardiac devices,
PFO (high risk, low risk or not), atrial septal aneurysm,
atrial septal defect (ASD), interatrial septum
redundant and intra cardiac tumors. Severe mitral
stenosis (MS) was defined as mitral valve area (MVA)
less than 1.5 cm? and progressive MS was defined as
MVA between 1.5 cm? and 2 cm?. High risk PFO was
also defined as 1) severe bubble passage without
maneuver, 2) severe bubble passage with maneuver
along with one of these findings: Eustachian valve,
Chiari network, PFO larger than 5 mm, evidences of
septum redundant and atrial septal aneurysm, 3) mild
bubble passage with maneuver along with 2 of
mentioned findings and 4) no bubble passage with
maneuver along with 3 of mentioned findings.

Other demographic and past medical information such
as age, gender and atherosclerosis risk factors such
as diabetes mellitus (DM), hypertension (HTN),
hyperlipidemia (HLP), smoking and positive familial
history (FH) were also recorded in a separate
guestionnaire.

All collected data were finally entered into SPSS Ver.
22 and for descriptive analysis, percentage, mean *
standard deviation and frequency were used. For
analytic analysis Chi-Square test was used and in all
tests P-Value<0.05 was considered as statistically
significant. The results are presented in form of
descriptive and frequency tables and supplementary

information are presentable at any time by contacting
corresponding author.

Results

This descriptive study of us was designed to publish
statistical information about cardiac sources of emboli
in patients with TIA or stroke undergoing
transesophageal echocardiography in an Iranian
population during 3 years.

In our study average age of participants was
50.53+13.01, ranged between 16 and 85. Among 145
studied patients 88 (60.7%) of them were male and 57
(39.3%) of them were female.

The complete percentage and number of each
variable measured in our study is presented in table
No.1 below:

Variable Status

Variable YES NO
DM 24 (16.6%) |121 (83.4%)
HTN 54 (37.2%) | 91 (62.8%)
HLP 39 (26.9%) |106 (73.1%)
Smoking 20 (13.8%) |125 (86.2%)
FH 44 (30.3%) |101 (69.7%)
Existence of clot 3(2.1%) [142(97.9%)
AF or flutter rhythm 0 (0.0%) | 145 (100%)

Evidences of MI with
RWMA

6 (4.1%)

139 (95.9%)

Cardiomyopathy (EF<40%)

4 (2.8%)

141 (97.2%)

LV aneurysm

1 (0.7%)

144 (99.3%)

Non LV compaction 4 (2.8%) [141 (97.2%)

LAA clot 0 (0.0%) | 145 (100%)

LAA velocity less than 20 0(0.0%) | 145 (100%)
cm/sec

Smoky pattern 3(2.1%) [142(97.9%)

Left side mechanical valve| 1 (0.7%) |144 (99.3%)
Left side biological valve | 0 (0.0%) | 145 (100%)
Vegetation 0 (0.0%) | 145 (100%)

NBTE 0 (0.0%) | 145 (100%)
MVP 28 (19.3%) |117 (80.7%)
Mitral annular calcification | 11 (7.6%) |134 (92.4%)
MS 7 (4.8%) |138 (95.2%)
Aortic atheroma 27 (18.6%) | 118 (81.4%)
AS 4 (2.8%) [141 (97.2%)
AVS 3(2.1%) [142 (97.9%)
Lambl’'s excrescence 2 (1.4%) |143(98.6%)
Intra cardiac device 2 (1.4%) |143 (98.6%)
Atrial septal aneurysm 8 (5.5%) |137 (94.5%)
ASD 2 (1.4%) |143(98.6%)
inrerattial SEPUM | 27 (18.69%) | 118 (81.4%)
Cardiac tumor 2 (1.4%) |143 (98.6%)

PFO 45 (31%) | 100 (69%)

Table 1 Frequency table of all measured variables in this

study

In this population, 2 patients (1.4%) had smoky
pattern in LV and this pattern was seen in left atrium
(LA) or LAA only in 1 patient (0.7%) and 142 of
participants (97.9%) did not have this pattern.
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MVP was seen in 13 patients (9%) without billowing
and 15 patients (10.3%) had MVP with billowing and
117 patients (80.7%) did not have any sign of MVP.

1 patient (0.7%) had severe MS, 6 patients (4.1%) of
patients had progressive MS and 138 of patient
(95.2%) did not have any sign of MS.

Based on PFO, in this study 28 patients (19.3%) were
involved with high risk PFO, 17 patients (11.7%) of
them had low risk PFO and 100 patients (69%) did not
have PFO.

In this study we also evaluated the association
between all measured variables with gender and age
using Chi-Square test.

Based on the results of Chi-Square tests, smoking
and MS both were significantly different between
genders and it means that smoking was significantly
more in men and progressive mitral stenosis was
significantly higher in women compared to men.

In our study prevalence of DM, HTN, HLP, mitral valve
calcification, aortic atheroma, AVS, AS and atrial
septum redundant were significantly recorded to be
higher in old patients (55-85) compared to young
patients (16-54).

The results of assessing different variables based on
age and gender are summed up in table No.2 below.
Detailed descriptive statistics and frequency tables
are available to be presented at any time to interested
researchers by contacting corresponding author:

Variab ed on Age Gender
DM P-Value=0.003 | P-Value=0.842
HTN P-Value=0.001 | P-Value=0.786
HLP P-Value=0.0001| P-Value=0.522
smoking P-Value=0.359 |P-Value=0.0001
FH P-Value=0.934 | P-Value=0.529
Existence of clot P-Value=1.000 | P-Value=0.279
E"'de”;‘flfnafAM' With | 5 \/alue=1.000 | P-Value=0.404
car(‘égfi’g&?thy P-Value=0.618 | P-Value=0.154
LV aneurysm P-Value=1.000 | P-Value=1.000
Non LV compaction P-Value=1.000 | P-Value=1.000
Smoky pattern P-Value=0.441 | P-Value=0.520
Left side mechanical | o, \/41,6=0.359 | P-Value=1.000

valve
MVP P-Value=0.714 | P-Value=0.682
Mitral annular P-Value=0.046 | P-Value=0.201
calcification
MS P-Value=0.480 | P-Value=0.035
Aortic atheroma P-Value=0.0001| P-Value=0.114
AS P-Value=0.015 | P-Value=0.154
AVS P-Value=0.044 | P-Value=1.000
Lambl’s excrescence | P-Value=0.537 | P-Value=1.000
Intra cardiac device P-Value=0.537 | P-Value=1.000
Atrial septal aneurysm | P-Value=0.921 | P-Value=1.000
ASD P-Value=0.537 | P-Value=0.520
Interatrial Sepum | . \/a1ye=0,018 | P-value=0.418
redundant

Cardiac tumor P-Value=1.000 | P-Value=1.000
PFO P-Value=0.998 | P-Value=0.213

Table 2 Association of studied variables with age and

gender

Discussion

Brain ischemia is one of the most common and most
important causes of hospitalization, morbidity and
mortality. Brain ischemia can happen in both stroke
and TIA settings(1). Brain stroke is a vascular event in
which brain tissue perfusion is impaired and the
symptoms last for more than 24 hours. Based on
available statistics, cardiac emboli and events are
responsible for 30% of brain stroke cases(2). In
numerous patients susceptible for cryptogenic stroke,
finally a cardiac etiology can be explained but in
recent guidelines there is no agreement on frequency
of cryptogenic strokes followed by cardioembolic
events(7). Interatrial communications (ASD and PFO,
with or without atrial wall aneurysm) can lead to
paradoxical stroke and increased risk of recurrent
thromboembolic events(8-10). In Knebel et al. study, it
was revealed that PFO was recorded more in patients
with cryptogenic stroke compared to patients with a
known etiology for stroke(15). Echocardiography is
one of the most important evaluations in patients with
stroke to find any possible cardiac source.
Considering antonymous results about prevalence of
cardiac emboli and associated cardiac factors in
patients with brain ischemia, in this descriptive study
we aimed to report frequency of different cardiac
etiologies detected via TEE in patients with stroke or
TIA.

The average age of studied population was
50.53+13.01 ranged between 16 and 83 and 93
patients were aged between 16 and 54 (considered as
young) and 52 patients aged between 55 and 85
(considered as old). Based on our results and other
similar studies performed on patients with stroke and
TIA, it can be interpreted that brain stroke mostly
happens in 4" decade of life and frequency of patients
below 55 is more compared to older patients(15-18).
Based on gender distribution, in our study which was
performed on 145 patients, 88 (60.7%) of them were
men and 57 (39.3%) of them were women. In a study
performed by Dubrava et al. it was also reported that
70% of patients were men which is in accordance with
our results(18) but in Shyu et al. study women were
more compared to men (53% vs 47%)(16). It seems
that stroke is more common in men but effect of
regional and race differences between people should
be in mind.

Considering the fact of higher sensitivity of TEE which
was also performed by an echocardiography fellow
ship in our study, we reported that the most common
cardiac etiologies were PFO (31%), MVP (19.3%),
interatrial septum redundant (18.6%) and aortic
atheroma (18.6%), respectively. A previous autopsy-
based study reported that PFO prevalence is 3.27% in
general population(12).

In the study performed by Dubrava et al. it was
reported that only in 21.6% of patients a source of
emboli was detected and among those patients, PFO
(53.7%) was the most common etiology and then
aortic atheroma (53.7%) and other etiologies such as
smoky pattern, atrial septum aneurysm and etc. were
mentioned among etiologies. In this study TEE was
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unable to detect source of emboli in 26.1% of
patients(18).

In a study performed by Palazzuoli et al. it was also
reported that PFO (19%) is the most frequent cardiac
etiology for stroke(19).

Gutterman et al. on 1993 reported that they could find
the source of emboli in 30% of patients. Cardiac
etiologies that were explained using transthoracic
echocardiography (TTE) and TEE were intra cardiac
thrombosis, cardiac tumors, aortic atheroma and etc.
They reported that TEE is prior to TTE in young
patients, in patients without cerebrovascular
disorders, in patients with recurrent embolic events
and also when posterior chambers such as LA and
LAA are susceptible(20). Priority of TEE over TTE
was also confirmed in other studies(4, 16, 19, 21, 22).
There was a study performed on 2011 by Yoon et al.
on treatment of PFO as the most common etiology of
cardiac emboli in patients with stroke, and the
researchers included 16 patients with PFO with at
least one episode of cryptogenic stroke and they
concluded that PFO repair is a safe treatment strategy
in preventing thromboembolic events(23). Their study
included a small study population and their follow up
was not long enough, thus randomized clinical trials
are needed for better evaluation.

In present study we did not find any difference in PFO
prevalence based on age but other researchers have
reported different results. A study reported that PFO is
more common in patients susceptible for cryptogenic
stroke and younger than 55(13), and PFO is
considered as a risk factor for ischemic brain events in
young patients. The association of PFO with stroke is
less pronounced in older patients(14).

In a study performed by Mesa et al. it was evidenced
that prevalence of PFO associated with atrial septal
aneurysm in cryptogenic stroke patients older than 55
is similar to patients younger than 55. They concluded
that prevalence of PFO associated with atrial septal
aneurysm in patients older than 55 with a detected
etiology for stroke was higher compared to
cryptogenic stroke patients(17).

Knebel et al. reported that there is an association
between PFO and cryptogenic stroke in both age
groups and their data showed that paradoxical emboli
is an important etiology in both age groups(15).
Overall it can be said that based on the results of our
study and other investigations, PFO is the most
common echocardiographic finding in patients with
stroke, and TEE has a high accuracy in detecting PFO
and other cardiac emboli etiologies.

It is suggested that in future studies researchers focus
on diagnostic value of TEE (sensitivity, specificity,
positive predictive value and negative predictive
value) for detecting cardiac source of emboli in
patients with ischemic brain stroke.

Conclusion

Based on the results we found, it can be concluded
that the most common etiologies for cardiac emboli
which are detected in TEE are PFO, MVP, interatrial
septal redundant and aortic atheroma.

In our studied population, only MS was associated
with gender and MS was more frequently recorded in
women.

Based on our findings, Mitral annular calcification,
AVS, aortic atheroma and interatrial septum
redundant are associated with age and are recorded
more in patients above 55 and it means that such
patients should be evaluated more accurate to find
any possible cardiac source of cardiac emboli in
ischemic brain stroke.
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