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Abstract
Transcranial Doppler (TCD) is useful for investigation of 
intracranial arterial blood flow and can be used to detect 
a real-time embolic signal. Unfortunately, artefacts can 
mimic the embolic signal, complicating interpretation 
and necessitating expert-level opinion to distinguish 
the two. Resolving this situation is critical to achieve 
improved accuracy and utility of TCD for patients with 
disrupted intracranial arterial blood flow, such as stroke 
victims. A common type of stroke encountered in the 
clinic is cryptogenic stroke (or stroke with undetermined 
etiology), and patent foramen ovale (PFO) has been 
associated with the condition. An early clinical trial of 
PFO closure effect on secondary stroke prevention 
failed to demonstrate any benefit for the therapy, and 
research into the PFO therapy generally diminished. 
However, the recent publication of large randomized 
control trials with demonstrated benefit of PFO closure 
for recurrent stroke prevention has rekindled the 
interest in PFO in patients with cryptogenic stroke. 
To confirm that emboli across the PFO can reach the 
brain, TCD should be applied to detect the air embolic 
signal after injection of agitated saline bubbles at the 
antecubital vein. In addition, the automated embolic 
signal detection method should further facilitate use of 
TCD for air embolic signal detection after the agitated 
saline bubbles injection in patients with cryptogenic 
stroke and PFO.

Key words: Cryptogenic stroke; Patent foramen ovale; 
Transcranial Doppler; Recurrent stroke; Patent foramen 
ovale closure; Brain ischemia; Real-time emboli

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Patent foramen ovale (PFO) is an emerging 
etiology of cryptogenic stroke, and PFO closure therapy 
has been shown to reduce the rate of recurrent stroke. 
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Detection of the air embolic signal by transcranial 
Doppler (TCD) after injection of agitated saline bubbles 
at the antecubital vein will help to confirm the importance 
of PFO as the cause of a concurrent stroke. In addition, 
the automated embolic signal detection method should 
further facilitate use of TCD for air embolic signal 
detection after the agitated saline bubbles injection in 
patients with cryptogenic stroke and PFO.

Muengtaweepongsa S, Tantibundhit C. Microembolic signal 
detection by transcranial Doppler: Old method with a new 
indication. World J Methodol 2018; 8(3): 40-43  Available from: 
URL: http://www.wjgnet.com/2222-0682/full/v8/i3/40.htm  DOI: 
http://dx.doi.org/10.5662/wjm.v8.i3.40

INTRODUCTION
Transcranial Doppler (TCD) is a noninvasive method for 
evaluating blood flow velocities in intracranial arteries. 
The TCD instrument is also used to detect emboli in real 
time, as they emerge in the main intracranial circulation. 
In general, an embolic signal representing an embolus 
has some characteristics that are distinctive from the 
signal that represents normal blood flow. Specifically, 
the embolic signal is classified as high intensity transient 
signals (commonly referred to as “HITS”) lying on top 
of the Doppler signal, deflected through an angle of 180 
degrees by red blood cells. However, artefacts, caused 
by a variety of situations (e.g., probe motion, patient 
movement, and sound waves from the patient speaking) 
are sometimes detected as HITS. Distinguishing 
embolic signals from artefacts requires an expert-level 
evaluation of the morphology of the signals, resulting 
in a subjective finding[1,2]. The multigated method was 
developed to improve the objective differentiation 
between embolic signals and artefacts. This technique 
samples signals from different depths of a similar vessel 
to demonstrate the motion of the following embolus 
from proximal to distal (Figure 1); in contrast, an arte­
fact shows no movement property but appears in all 
depths simultaneously (Figure 2)[3]. 

CRYPTOGENIC STROKE AND PATENT 
FORAMEN OVALE 
Cryptogenic stroke is described as a cerebral infarct 
of unclear or undetermined etiology, according to 
the Trial of Org 10172 in Acute Stroke Treatment 
stroke-subtype categorization system (TOAST). The 
source of cryptogenic stroke remains unclear mainly 
because the episode itself is temporary or reversible, 
and the available forms of clinical investigation do not 
address all possible etiologies. It is also important 
to consider that there may be additional etiologies 
that have yet to be recognized[4]. The finding that 
more than one-third of reported cerebral infarcts are 

categorized as cryptogenic etiology highlights the need 
for technologies and procedures to better investigate 
them[5]. 

Patent foramen ovale (PFO) is a possible etiology 
of cryptogenic stroke, especially in young adults. 
Prevalence of PFO is considerable, with estimates as 
high as 25% for the overall population. Moreover, it 
has been reported that around 50% of cryptogenic 
stroke patients of age less than 55 have a PFO[6]. The 
consideration of PFO as an etiology of consecutive 
cryptogenic stroke has been controversial, however, 
since early clinical trials of PFO closure therapy did not 
show any benefit for prevention of recurrent stroke[7-9]. 
Moreover, due to this reported lack of benefit, a routine 
practice of investigating cryptogenic stroke patients for 
PFO was not included among the recommendations in 
standard guidelines[10]. 

Three recent large randomized control trials (i.e., 
RESPECT[11], REDUCE[12] and CLOSURE[13]) demonstrated 
benefit of PFO closure for secondary stroke preven­
tion in selected cases of patients with cryptogenic 
stroke[11-13]. Of the three, the RESPECT study had the 
longest follow-up time, at 6 years[11]. The REDUCE 
study showed the benefit of PFO closure therapy over 
antiplatelet therapy, at 3 years after treatment[12]. The 
CLOSURE study included high-risk PFO cases with an 
atrial septal aneurysm or large interatrial shunt[13]. Data 
on device-related atrial fibrillation was reported in the 
REDUCE[12,13] and CLOSURE[12,13] studies. Furthermore, 
other recent studies carried out as meta-analyses also 
confirmed the benefit of PFO closure for secondary 
stroke prevention[14,15]. Considering these studies and 
their findings collectively, the next step would be 
carrying out systematic investigation of the potential 
for routinely seeking PFO in patients with cryptogenic 
stroke, particularly since the PFO itself holds promise as 
a target of therapy. 

TCD FOR PATIENTS WITH CRYPTOGENIC 
STROKE AND PFO
Echocardiography plays a major role in diagnosis of 
PFO. In some cases, the PFO is detectable with color 
flow Doppler imaging in the echocardiogram. In most 
cases, the agitated saline bubbles test is mandatory 
for the diagnosis of PFO. In this procedure, a bolus of 
agitated saline is injected into an antecubital vein, after 
which air bubbles appear in the right atrium. A positive 
PFO finding is indicated when the air bubbles appear 
in the left atrium within three cardiac cycles of their 
initial appearance in the right atrium. The mechanism 
underlying this finding is the Valsalva maneuver, which 
increases right atrial pressure and facilitates right-to-
left shunting[16].

Use of TCD for detection of the air embolic signal 
after injection of agitated saline bubbles into an 
antecubital vein is an alternative procedure to confirm 
right-to-left shunting. Detection of an air embolic signal 
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in intracranial arteries should affirm that an embolus 
from the heart is able to reach the brain and cause 
the ischemic lesions. With the new indication for PFO 
closure, the use of TCD for air embolic signal detection 
with agitated saline bubbles test will be increased. The 
number of air embolic signals may be related to the 
size of the PFO, and such would help to strengthen the 
interpretation of clinical significance for the shunting. 

Furthermore, the automated embolic signal detection 
method should improve the differentiation between 
artefacts and real emboli, and allow for counting the 
number of emboli[17,18]. The sensitivity and specificity of 
the automated system for differentiation between real 
emboli and artefacts were demonstrated to be as high 
as those of experts’ opinions[17,18]. With this automated 
method, TCD for air embolic signal detection with 
agitated saline bubbles test should be more useful in 
patients with cryptogenic stroke with PFO. Moreover, 
the automated method may extend use of TCD for 
embolic signal detection in other indications, such as 
emboli detection during invasive cardiac or great vessels 
procedure and microembolic monitoring during the first 
48 h after onset of stroke[19,20]. 
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Figure 1  Embolic signal. The NICOLET Pioneer transcranial Doppler 4040 
Doppler Waveform Analyzer was used.

Figure 2  Artefact. The NICOLET Pioneer transcranial Doppler 4040 Doppler 
Waveform Analyzer was used.
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