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Introduction: Contrast-enhanced transcranial Doppler (c-TCD) is a noninvasive test

with high sensitivity for the detection of a right-to-left shunt (RLS). Currently, there are

no reports on the outcomes of unilateral versus bilateral middle cerebral artery (MCA)

monitoring. This study compared the positivity rate of bilateral MCA monitoring with

unilateral MCA monitoring for RLS using c-TCD.

Methods: We enrolled 239 patients (86 women and 153 men) with a mean age of

48.54 ± 13.25 years (range, 14–79 years), who underwent c-TCD examination in the

Department of Transcranial Doppler Ultrasound of our hospital between February 2018

and February 2021, due to suspicion of RLS. Bilateral MCA monitoring of 239 patients

was performed using dual-channel and dual-depth c-TCD. The positive rate and shunt

classification of RLS were calculated for left, right, and bilateral MCA monitoring. The

differences in RLS detected by c-TCD monitoring of the left, right and bilateral MCA

were compared.

Results: In the left middle cerebral artery (LMCA) monitoring, 35.56% (85 of 239) had

a positive RLS result, 38 cases were permanent (44.70%), and 47 cases were latent

(55.30%). In the right middle cerebral artery (RMCA) monitoring, 36.82% (88 of 239) had

a positive RLS result, 38 cases were permanent (43.18%), and 50 cases were latent

(56.82%). In the bilateral MCA group, 43.09% (103 of 239) had a positive RLS result,

50 cases were permanent (48.54%) and 53 were latent (51.46%). The positive rate of

bilateral MCA monitoring was higher than that of LMCA and RMCA (43.09, 35.56, and

36.82%, respectively), and the difference was not statistically significant (P = 0.193). The

positive rate of bilateral MCA monitoring was higher than that of LMCA and RMCA for

mild and moderate shunts, but the difference was not statistically significant. The positive

rate of bilateral MCA monitoring was equal to that of RMCA, but higher than that of

LMCA, with no statistical significance. LMCA monitoring revealed 85 patients with RLS.

The sensitivity was 82.52% (85/103). The specificity was 100%. The RMCA monitoring
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results showed 88 cases with RLS. The sensitivity was 85.44% (88/103). The specificity

was 100%.

Conclusions: There was no significant difference in the RLS detection rate between

unilateral and bilateral MCA monitoring using c-TCD. Bilateral MCA monitoring may be

more advantageous for mild RLS detection.

Keywords: transcranial Doppler (TCD), right-to-left cardiac shunt, middle cerebral artery (MCA), microbubble (MB),

patent foramen ovale

INTRODUCTION

Recent studies have revealed a complex relationship between RLS
and cryptogenic stroke and high-intensity subclinical deep white
matter (1). Contrast-enhanced transcranial Doppler is a reliable
and reproducible method for detecting RLS with high sensitivity
and specificity (2). The Latin American common statement
on c-TCD for the diagnosis of RLS recommends monitoring
the MCA and mentions that unilateral or bilateral monitoring
may result in important bilateral disagreements regarding the
outcomes of c-TCD assessments (3). However, at present, there
are no reports on c-TCD findings or associations with outcomes
of unilateral versus bilateral MCA monitoring. Bilateral MCA
monitoring is difficult and time-consuming, and in 10%−20% of
stroke patients, the detection of RLS is limited due to insufficient
temporal bone penetration (4). The aim of the present study
was to observe the difference in the positive rate of unilateral
versus bilateral MCA monitoring using c-TCD for the diagnosis
of RLS.

MATERIALS AND METHODS

Study Population
We enrolled 239 patients (86 women and 153 men) with a mean
age of 48.54 ± 13.25 years (range, 14–79 years), who underwent
c-TCD examination in the Department of Transcranial Doppler
Ultrasound of our hospital between February 2018 and February
2021, due to suspicion of RLS. The clinical characteristics
are shown in Table 1. The 239 patients had bilateral MCA
monitoring with dual-channel and dual-depth using c-TCD. The
positive rate and shunt classification of RLS monitoring by the
left, right and bilateral MCA were counted.

Patients with occult stroke, transient ischemic attack,
sufficient bilateral temporal window and who were able

TABLE 1 | Demographic and clinical characteristics of the participants.

Participants (n = 239)

Age (mean ± SD, years) 48 ± 13.2

Sex (Male/Female) 153/86

Symptoms or disease

Headache 31

Dizziness 18

Ischemic stroke/transient ischemic attack 127/63

to complete the Valsalva maneuver (deep inspiration
followed by closing the vocal cords and forceful exhalation)
were enrolled. Patients with moderate to severe cognitive
impairment, poor cardiopulmonary function, and history
of PFO closure surgery, and pregnant or lactating women
were excluded.

This study was approved by the Ethics Committee of
Liaocheng People’s Hospital, and all patients provided written
informed consent. All procedures in this study were performed
according to relevant guidelines and regulations.

Procedural Technique
c-TCD Protocol

The c-TCD examination were performed using a TCD detector
(Doppler Box DWL, Germany). Multigate Doppler with standard
presets for emboli detection software was used, and the Doppler
spectrum and power M-mode were continuously recorded
throughout the examination for offline analysis. The patients
remained supine and awake throughout the study period. The
probe was fixed on the TCD head frame at a frequency of 2-MHz,
insonating the bilateral middle cerebral artery at depth of 45–
60mm with a sampling volume of 7–9mm and a gain of 50–56,
while simultaneously displaying the blood flow velocity variation
curve and dual M-mode. This procedure was performed under
dual-channel and dual-depth conditions.

An 18-gauge catheter was placed in the right antecubital
vein. The medium was prepared by hand by mixing 9ml of
saline, 1ml of air, and a drop of the participant’s own blood.
The medium was rapidly mixed back-and-forth with two 10-ml
syringes that were connected by a three-way stopcock 30 times
to create microbubbles (MBs). The contrast agent was injected as
a rapid bolus. The first injection was performed during normal
respiration (rest), and the second injection was performed 5 s
prior to the start of a 10-s Valsalva maneuver which reduced
the mean MCA velocity by at least 25%. The duration of the
Valsalva maneuver was 10 s (3). The presence and number of
Mb and the time lag between the injection and the appearance
of the first bubble (in seconds) were recorded. All examinations
were performed by a single experienced operator (D.R.), who
listened to each of the software-recorded signals, watched each
signal on the screen, and evaluated the signals offline. Based on
the standards reported by Jauss and Zanette (5), a four-level RLS
categorization (none, mild, moderate and large) reported by Yang
et al. (6) was used in our study. The categorization based on
the MB count was applied as follows: none, 0 MBs (negative
result, Figure 1A); mild, 1 ≤ MBs ≤ 10 (Figure 1B); moderate,
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10 < MBs ≤ 25 (Figure 1C); and large, >25 MBs (Figure 1D).
During bilateral monitoring, the highest number obtained in
each channel, not the sum of these observations, is considered (3).
RLS was considered latent if it occurred only after the Valsalva
maneuver and permanent if it also occurred at rest.

Statistics
The Statistical Program for Social Sciences version 21.0 (SPSS;
IBM, West Grove, PA, USA) was used to analyse all data.
Differences between groups were analyzed using the X2 test and
the level of significance was set at P < 0.05.

RESULTS

In the LMCA monitoring, 35.56% (85 of 239) of the
patients had a positive RLS result, 38 cases were permanent
(44.70%), and 47 cases were latent (55.30%). In the RMCA
monitoring, 36.82% (88 of 239) of the patients had a
positive RLS result, 38 cases were permanent (43.18%), and
50 cases were latent (56.82%). In the bilateral MCA group,
43.09% (103 of 239) of the patients had a positive RLS
result, 50 cases were permanent (48.54%) and 53 were latent
(51.46%). The positive rate of bilateral MCA monitoring was
higher than that of LMCA and RMCA (43.09, 35.56, and

FIGURE 1 | Continued
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FIGURE 1 | A four-level RLS categorization based on the MB count was applied in our study. (A) None (negative result, 0 MBs); (B) Mild (1 ≤MBs ≤10); (C) Moderate

(10 < MBs ≤ 25); (D) Large (>25 MBs).

36.82%, respectively), and the difference was not statistically
significant (P = 0.193).

The positive rate of bilateralMCAmonitoring was higher than
that of LMCA and RMCA for mild and moderate shunts, but
the difference was not statistically significant. The positive rate of
bilateral MCAmonitoring was equal to that of RMCA but higher
than that of LMCA, with no statistical significance (Table 2).

LMCA monitoring revealed 85 patients with RLS. The
sensitivity was 82.52% (85/103). The specificity was 100%. The
positive predictive value was 100%. The negative predictive value
was 88.31% (Table 3). The RMCA monitoring results showed 88

cases of RLS. The sensitivity was 85.44% (88/103). The specificity
was 100%. The positive predictive value was 100%. The negative
predictive value was 90.72% (Table 4).

DISCUSSION

The unclosed foramen ovale (PFO) is the most common type
of RLS channel, accounting for approximately 95% of all
RLS disorders (7) and other diseases, including patent ductus
arteriosus and arteriovenous malformations. Approximately 25%
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TABLE 2 | Positive results of LMC, RMCA, bilateral MCA and shunt degree

statistics.

RLS (+) Large Moderate Mild

L-MCA 85 (35.6%) 34 (14.2%) 8 (3.3%) 43 (18 %)

R-MCA 88 (36.8%) 36 (15.1%) 7 (2.9%) 45 (18.8%)

Bilateral MCA 103 (43.1%) 36 (15.1%) 9 (3.8%) 58 (24.3%)

X² 3.287 0.089 0.259 3.423

P-Value 0.193 0.957 0.879 0.181

TABLE 3 | Comparison of right-to-left shunt detection by cTCD with LMCA and

bilateral MCA monitoring.

Bilateral MCA monitoring

Positive Negative

Left MCA monitoring

Positive 85 0

Negative 18 136

Sensitivity 82.52%; specificity 100%; positive predictive value 100%; negative predictive

value 88.31%.

TABLE 4 | Comparison of right-to-left shunt detection by cTCD with RMCA and

Bilateral MCA monitoring.

Bilateral MCA monitoring

Positive Negative

Right MCA monitoring

Positive 88 0

Negative 15 136

Sensitivity 85.44%; specificity 100%; positive predictive value 100%; negative predictive

value 90.72%.

of adults have an incomplete foramen ovale (8). It has been
reported in the literature that PFO is significantly associated with
cryptogenic stroke, migraine with aura, decompression sickness,
and obstructive sleep apnoea (6, 9, 10).

Transesophageal echocardiography (TEE) is considered the
gold standard for the diagnosing cardiac RLS. c-TCD has proven
to be a sensitive and specific method to diagnose cardiac
RLS regardless of location, as documented by several studies
published in recent years (11–14). An RLS other than that
at the atrial level can only be detected using this method.
The advantages of c-TCD include better patient comfort and
improved quantitative assessment of the RLS size by combining
the use of provocative maneuvers with the ability to identify
embolic phenomena in action through real-time monitoring,
which has an important functional impact on diagnosis.

PFO may be a risk factor for migraine and ischemic stroke
of unknown etiology. The diameters of PFO have ranged from
1 to 19mm (average 4.9mm), and PFOs with diameters of 1
to 10mm accounted for 98% (15, 16). Another autopsy study
(17) determined the PFO incidence, and they found that the
“probe” patent PFO (0.2–0.5 cmmaximum dimension) incidence

was 29% and the “pencil” patent PFO (0.6–1.0 cm) incidence was
6%, which reinforced that the smaller PFO accounted for a larger
proportion. In our study, both unilateral and bilateral MCA
monitoring results showed that the positive rate of mild shunts
was higher than that of moderate and large shunts, suggesting
that smaller PFOs are more common in patients. In addition,
we observed that some mild shunts progressed to moderate RLS,
so mild shunts should be taken seriously, and bilateral MCA
monitoring is recommended for mild RLS.

In this study, we found that both left and right MCA
monitoring have high sensitivity and specificity compared to
bilateral MCA monitoring, as measured by the bilateral MCA.
Consequently, there was no significant difference between the
left - and right-sided monitoring results if only unilateral
MCA monitoring was performed when the temporal window
was insufficient.

The Latin American common statement on c-TCD for
the diagnosis of RLS recommends monitoring the middle
cerebral artery bilaterally because the sensitivity of the test
and quantification of bubbles may be increased when using
simultaneous bilateral monitoring. However, at present, there are
no reports on unilateral or bilateral MCA monitoring. In the
present study, although there was no significant difference in
the positive rate of RLS between bilateral MCA monitoring and
unilateral MCA monitoring in 239 patients undergoing c-TCD
examination, the results suggest that bilateral MCA monitoring
is more likely to improve the positive rate of RLS, especially for
mild shunts. This indicates that bilateral MCA monitoring may
be advantageous for mild shunts.

Our study has some limitations. First, all patients were
monitored in the supine position in the retrospective study,
and MCA monitoring in different positions, such as sitting, side
decubitus, and standing, was not performed. In addition, the
sample size of this study was limited, and further studies with
multiple centers and larger samples are needed.

CONCLUSION

There was no significant difference in the RLS detection rate
between unilateral and bilateral MCA monitoring using c-TCD.
Bilateral MCA monitoring may be more advantageous for mild-
shunt RLS detection.
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