
© AME Publishing Company. Cardiovasc Diagn Ther 2024;14(6):1048-1057 | https://dx.doi.org/10.21037/cdt-24-288

Original Article

The clinical diagnostic value of right-to-left shunt in cryptogenic 
stroke under right heart contrast echocardiography: a 
retrospective case-control study

Changyin Gao1#, Yanjie Liu1#, Dong Xu2,3,4,5,6 

1Department of Ultrasound, The Second Affiliated Hospital of Zhejiang Chinese Medical University, Hangzhou, China; 2Department of Ultrasound, 

Zhejiang Cancer Hospital, Hangzhou, China; 3Hangzhou Institute of Medicine (HIM), Chinese Academy of Sciences, Hangzhou, China; 4Key 

Laboratory of Head & Neck Cancer Translational Research of Zhejiang Province, Hangzhou, China; 5Zhejiang Provincial Research Center for 

Cancer Intelligent Diagnosis and Molecular Technology, Hangzhou, China; 6Taizhou Key Laboratory of Minimally Invasive Interventional Therapy 

& Artificial Intelligence, Taizhou Campus of Zhejiang Cancer Hospital (Taizhou Cancer Hospital), Taizhou, China

Contributions: (I) Conception and design: D Xu; (II) Administrative support: D Xu; (III) Provision of study materials or patients: D Xu; (IV) 

Collection and assembly of data: C Gao, Y Liu; (V) Data analysis and interpretation: C Gao, Y Liu; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors. 
#These authors contributed equally to this work.

Correspondence to: Dong Xu, PhD. Department of Ultrasound, Zhejiang Cancer Hospital, Hangzhou, China; Hangzhou Institute of Medicine 

(HIM), Chinese Academy of Sciences, No. 1 Banshan East Road, Gongshu District, Hangzhou 310022, China; Key Laboratory of Head & Neck 

Cancer Translational Research of Zhejiang Province, Hangzhou, China; Zhejiang Provincial Research Center for Cancer Intelligent Diagnosis and 

Molecular Technology, Hangzhou, China; Taizhou Key Laboratory of Minimally Invasive Interventional Therapy & Artificial Intelligence, Taizhou 

Campus of Zhejiang Cancer Hospital (Taizhou Cancer Hospital), Taizhou, China. Email: dongxu20222027@163.com.

Background: About 30% of ischemic strokes do not have a clear cause, which is called cryptogenic stroke 
(CS). Increasing evidence suggests a potential link between CS and right-to-left shunt (RLS). RLS may lead 
to CS via paradoxical embolic mechanism. Hence, current study aims to explore the correlation between 
different RLS indexes and the occurrence of CS and its clinical diagnostic value in CS.
Methods: A total of 117 patients diagnosed with CS from October 2020 to June 2024 were randomly 
collected, and 93 patients with only headache and dizziness were randomly collected as the control group. 
All patients underwent agitated saline contrast echocardiography (ASCE) and the semi-quantitative 
classification, type and duration of RLS were analyzed. Spearman correlation analysis was used to analyze 
the correlation between RLS grade and type and the occurrence of CS, and the correlation between RLS 
duration and RLS grade and type. The efficacy of different RLS grades, types and durations in the diagnosis 
of CS were analyzed by receiver operating characteristic (ROC) curve.
Results: The included population ranged in age from 20–73 years, with 90 males and 120 females. There 
was no significant difference in basic data (e.g., gender, smoking history, drinking history, and the number of 
people with hypertension and diabetes) and serum biological indicators [triglyceride (TG), total cholesterol 
(TC), high-density lipoprotein (HDL) and low-density lipoprotein (LDL)] between the CS group and the 
control group (all P>0.05). The proportion of RLS (77.78%) in the CS group was significantly higher than 
that in the control group (35.48%) (P<0.001). Spearman correlation analysis showed that RLS grade (r=0.569) 
and type (r=0.346) were significantly correlated with the occurrence of CS (both P<0.001). In addition, RLS 
duration was significantly correlated with RLS type (r=0.902, P<0.001), but not with RLS size (P>0.05). 
ROC curve analysis showed that RLS grade had the highest area under the curve (AUC) in CS diagnosis, 
which was 0.807 [95% confidence interval (CI): 0.748–0.866], the diagnostic sensitivity was 68.4%, and the 
specificity was 87.1%. In addition, the diagnostic AUC of RLS type and RLS duration in CS were similar, at 
0.700 (95% CI: 0.626–0.773) and 0.707 (95% CI: 0.634–0.780), respectively.
Conclusions: RLS grade and RLS type are significantly correlated with the occurrence of CS. As an 
auxiliary means of CS diagnosis, RLS grade can effectively reduce the misdiagnosis rate of CS, which is of 
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Introduction

Background

Stroke seriously endangers human health and has become 
one of the main causes of death (1). Among them, ischemic 
stroke accounts for about 80% of deaths (2). The main 
clinical causes of some cases were attributed to pulmonary 
vascular disease, cardiac valve embolism syndrome and 
various small artery vascular diseases. However, about 30% 
of ischemic strokes do not have a clear cause, which is called 
cryptogenic stroke (CS) (3,4). In the context of CS, the 
presence of a microthrombus originating from the right 
atrium prevents it from fully traversing the cardiopulmonary 
blood vessels, ultimately leading to its entry into the 
systemic circulation. Thrombosis formed by lower extremity 
venous thrombosis and atrial septal aneurysm can cause 
cerebral basilar artery plexus occlusion through abnormal 
vascular channels from right-to-left shunt (RLS). This 
phenomenon is called paradoxical embolism, which is more 
common in young and middle-aged ischemic stroke (5,6). 
Furthermore, a classic cardioembolic presentation includes 
the onset of symptoms after a Valsalva provoking activity 

(coughing, bending, etc.), suggesting paradoxical embolism 
facilitated by a transient rise in right atrial pressure and the 
co-occurrence of cerebral and systemic emboli (7). The 
common possible causes of CS are vasospasm, paroxysmal 
atrial fibrillation, venous embolism, patent foramen ovale 
(PFO), etc. (8).

The foramen ovale is a tunnel-like structure formed by 
the fetus growing between the primary septum and the 
secondary septum of the atrium, which is a physiological 
pathway between the atrial  septum (9).  With the 
improvement of the function of the neonatal pulmonary 
circulation system, the pressure of the left atrium gradually 
increases, and the primary septum and the secondary 
septum are closely fitted to the closure (10). If the baby 
is still not closed after 3 years old, it is called PFO (10). 
Studies have found that the incidence of PFO in patients 
with CS is more than 60% (11,12). A large number of 
studies have shown that PFO may be the most important 
risk factor for CS, but the mechanism of CS (PFO-RLS) 
caused by PFO is still controversial (12,13). In recent years, 
the relationship between CS and RLS has attracted more 
and more attention (13). Studies have shown that PFO size 
is an independent predictor of severe RLS (13,14). Multiple 
ischemic lesions of the brain are more common in CS 
patients with severe RLS (14). In addition, studies suggest 
that RLS may lead to CS through abnormal embolization 
mechanism (6,15). Therefore, the detection of RLS is of 
great significance for clarifying the etiology of CS.

Rationale and knowledge gap

Recent study has found that in addition to PFO-RLS, 
lung-related RLS [pulmonary RLS (P-RLS)] is also more 
common (16). Physiological pulmonary arteriovenous 
anastomotic branches or anastomotic channels of 20–50 μm  
are common in healthy people, suggesting that P-RLS 
not only comes from pulmonary arteriovenous fistula, but 
may also play a role in the pathogenesis of CS (17). The 
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agitated saline contrast echocardiography (ASCE) has the 
advantages of high sensitivity, safety and wide application 
range for RLS (18). ASCE currently commonly uses 
oscillating sterile saline or sugar water to prepare acoustic 
contrast agents. The resulting microbubbles are large in 
volume and cannot pass through the pulmonary circulation, 
and can be only developed in the right heart. In addition, 
transthoracic echocardiography (TTE) and transesophageal 
echocardiography (TEE) can evaluate the anatomical 
structure and shunt of atrial septum. TTE combined with 
ASCE can be used to analyze the shunt flow, shunt source 
and duration of RLS. TTE combined with ASCE can more 
clearly evaluate the shunt flow, shunt source and duration 
of RLS (19). For patients with poor TTE sound window 
and in situation in which the source of shunt cannot be 
determined, TEE combined with ASCE can be performed. 
TEE combined with ASCE can directly show whether 
the microbubbles are derived from the foramen ovale or 
pulmonary vein, and the accuracy of RLS type screening is 
higher (20). However, TEE combined with ASCE requires 
esophageal intubation, which is a semi-invasive examination 
and is not suitable for large-scale RLS screening. 

Objective

Therefore, this study explored the correlation between 
different types and different grades of RLS and CS by 
combining TTE with ASCE and partially combining TEE 
with ASCE. At the same time, we introduced the concept of 
RLS duration, and further explored the application value of 
RLS type, grade and duration in CS diagnosis. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://cdt.amegroups.com/article/
view/10.21037/cdt-24-288/rc).

Methods

Clinical data

This is a retrospective case-control study. Data of a total of 
228 patients were retrospectively collected from The Second 
Affiliated Hospital of Zhejiang Chinese Medical University, 
of which four patients with incomplete imaging data, three 
patients with incomplete blood biochemical examination 
data, and one patient who did not sign the informed consent 
form were excluded. Finally, a total of 117 patients with CS 
(study group) and 93 patients with headache and dizziness 
(control group) were retrospectively included. The study 

was approved by the Ethics Committee of The Second 
Affiliated Hospital of Zhejiang Chinese Medical University 
(No. 2023-LW-030-01), and conducted in accordance with 
the Declaration of Helsinki (as revised in 2013). Individual 
consent for this retrospective analysis was waived. Patients 
with CS were previously confirmed for the presence of 
aortogenic etiology by computed tomography angiography 
(CTA) of the aortic arch and cerebral angiography. Bedside 
electrocardiogram monitoring and TEE were performed 
to confirm the presence of cardiogenic etiology. Pulmonary 
angiography was performed to confirm the presence of 
pulmonary arterial etiology. All enrolled patients underwent 
ASCE examination and related auxiliary examinations 
[such as head magnetic resonance imaging (MRI), carotid 
ultrasound, transcranial Doppler, echocardiography, blood 
biochemical examination, etc.]. 

Inclusion criteria :  (I )  posit ive brain computed 
tomography (CT) and/or brain MRI in CS group, and 
negative brain CT and/or brain MRI in control group; (II) 
perfect related imaging and blood biochemical examination; 
(III) informed consent was acquired from all the patients.

Exclusion criteria: (I) migraine patients; (II) history of 
severe heart and lung diseases, such as ventricular septal 
defect, severe arrhythmia or severe pneumonia; (III) patients 
with temporal window closure and limited exploration; 
cognitive impairment cannot cooperate with ASCE 
examiners.

ASCE examination 

TTE and/or TEE combined with ASCE were performed 
using Philips IE 33 color Doppler ultrasound diagnostic 
instrument. TTE (probe S5-1, frequency 1.0–5.0 MHz) 
was used to measure the size of each atrioventricular cavity, 
and to observe the absence of echo loss in the atrial septum, 
atrial fibrillation, left ventricular thrombosis and valvular 
vegetations. The patient was placed in the left lateral 
position, and the venous channel was retained in the median 
vein of the left or right elbow, which was connected with the 
three-way tube. Two 20 mL syringes were taken. One of the 
syringes extracted 5 mL normal saline + 4 mL 50% glucose 
(if the patient had diabetes, it was 8 mL normal saline + 1 mL 
50% glucose) + 1 mL air. The two syringes were connected 
by a three-way switch, and quickly pushed back and forth for 
15–20 times to generate a large number of microbubbles. 

TTE combined with ASCE was used to observe the 
number, source and duration of microbubbles in the 
left atrium after the right heart was fully developed in 
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the resting state and the Valsalva state, respectively. All 
patients included in this study completed TTE. Of these, 
32 patients required further TEE. For TEE (probe S7-2 
Omni, frequency 2.2–6.5 MHz), the patient was fasted for 
8 hours, and local anesthesia was performed for 5 minutes 
with tetracaine mucilage. The left lateral position was taken, 
and the venous channel was placed in the median vein of 
the right elbow and connected with the three-way tube. 
The probe was inserted into the middle and lower part of 
the esophagus, and the probe was rotated 45–110° to clearly 
show the primary septum and the secondary septum, and to 
observe whether there was a fissure between the two. Color 
Doppler flow imaging (CDFI) was used to observe whether 
there was left-to-right shunt or RLS blood flow signal in 
the fissure. At the same time, the mode of microbubbles 
entering the left atrium was observed by combining ASCE, 
in which microbubbles entered the left atrium from the 
fissure between the primary septum and the secondary 
septum as PFO-RLS; the continuous entry of microbubbles 
from the pulmonary vein into the left atrium is P-RLS. All 
analyses were performed independently by an examiner and 
with more than 6 years of experience and a data analyst with 
more than 10 years of experience. Only examiner and data 
analyst will be blinded in this study.

RLS semi-quantitative analysis 

As mentioned above, the image with the largest number of 
microbubbles in the left atrium was selected to count the 
number of microbubbles in the left atrium (21). The degree 
of RLS was graded according to the number of microbubble 
signals detected after calm breathing or Valsalva maneuver, 
and the number of microbubble signals was the largest after 
calm breathing or Valsalva maneuver. 

Level 0: no microbubbles in the left atrium on each 
frame of image; level 1: 1–10 microbubbles were visible 
in the left atrium on each frame of image; level 2: 11–30 
microbubbles were seen in the left atrium on each frame of 
image; level 3: more than 30 microbubbles can be seen in 
the left atrium on each frame of the image (21). 

Statistical analysis 

SPSS 27.0 statistical software was used to analyze the 
data. All continuous variables were tested for normal 
distribution. Variables conforming to a normal distribution 
were presented as mean ± standard deviation. Continuous 

variables that did not follow a normal distribution were 
presented as median (interquartile range). The two groups 
were compared by independent sample t-test. The count 
data were expressed by quantity and percentage, and the two 
groups were compared by χ2 test. Correlation analysis was 
performed by Spearman. The sensitivity, specificity, positive 
predictive value (PPV), and negative predictive value 
(NPV) were obtained for different RLS types, grades and 
durations. Receiver operating characteristic (ROC) curve 
analysis were applied to evaluate diagnostic performance of 
three indexes and obtain the area under the curve (AUC). 
Two-sided P<0.05 was considered statistically significant.

Results 

General data analysis of patients with CS 

According to the inclusion and exclusion criteria, a total 
of 210 patients were included in this study, including 117 
CS patients (55.71%) and 93 control patients (44.29%) 
with only headache and dizziness. The baseline data of 
CS patients and control group are compared in Table 1. 
Compared with the control group, there was no significant 
difference in gender, age, body mass index (BMI), smoking 
history, drinking history, and the number of people with 
hypertension and diabetes in CS patients (all P>0.05). 
Subsequently, we analyzed serum biological indicators. 
There was no significant difference in TG, TC, HDL and 
LDL levels between the CS group and the control group. 
RLS blood flow signals of all patients were examined 
by ASCE combined with TTE or TEE (Figures 1,2). 
The number of patients with RLS in the CS group was 
significantly higher than that in the control group [91 cases 
(77.78%) vs. 33 cases (35.48%), P<0.001].

The relationship between CS patients and RLS type and 
grade 

The occurrence of CS may be closely related to RLS type 
and RLS grade. Spearman correlation analysis was used to 
analyze the correlation between the occurrence of CS and 
RLS type and RLS grade. As shown in Table 2, a total of 
91 patients in the CS group had RLS. Among them, the 
number of patients with PFO-RLS type was the largest, 
with a total of 63 cases. In contrast, the number of patients 
with PFO-RLS and P-RLS types in the control group was 
similar. Correlation analysis showed that the occurrence 
of CS was significantly positively correlated with RLS 
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Table 1 Comparison of general data between cryptogenic stroke and control group

Characteristics Cryptogenic stroke group (n=117) Control group (n=93) P value

Sex (male/female) 53/64 37/56 0.42

Age (years) 46.50±11.21 44.65±9.91 0.21

BMI (kg/m2) 24.08±1.13 24.31±1.00 0.21

Smoking history 20 (17.09) 18 (19.35) 0.67

Drinking history 11 (9.40) 4 (4.30) 0.15

Hypertension 24 (20.51) 12 (12.90) 0.15

Diabetes 2 (1.71) 0 (0.00) 0.21

Triglyceride (mmol/L) 1.57±0.71 1.67±0.67 0.31

Total cholesterol (mmol/L) 4.42±1.21 4.28±1.10 0.39

HDL (mg/dL) 1.20±0.21 1.24±0.22 0.21

LDL (mg/dL) 2.49±0.77 2.53±0.77 0.75

RLS 91 (77.78) 33 (35.48) <0.001

Measurement data conforming to normal distribution were presented as mean ± standard deviation; count data were presented as number 
or number (%). BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; RLS, right-to-left shunt. 

Figure 1 Representative images of RLS signal diagnosed by TTE combined with ASCE. (A) A large number of RLS signals under Valsalva 
action; (B) left atrial RLS signal from left superior pulmonary vein; (C) RLS signal from interatrial septum in resting state; (D) a small 
amount of RLS signals at rest. FR, frequency; C, dynamic range; P, afterglow; HGen, Harmonic General mode; VALSALVA, Valsalva action; 
bpm, beats per minute; RV, right ventricle; LV, left ventricle; RA, right atrium; LA, left atrium; AO, aorta; LUPV, left upper pulmonary vein; 
REST, resting state; RLS, right-to-left shunt; TTE, transthoracic echocardiography; ASCE, agitated saline contrast echocardiography. 
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type (r>0, P<0.001) (Table 2). In terms of RLS grade, the 
number of patients with RLS grade 3 in the CS group was 
the highest, with a total of 58 cases. In contrast, patients 
with RLS grade 3 in the control group were the least, only 
2 cases. Correlation analysis showed that the occurrence of 
CS was significantly positively correlated with RLS grade 

(r>0, P<0.001) (Table 3).

The relationship between RLS duration and RLS type and 
grade in patients with CS 

Subsequently, we further analyzed the correlation between 
RLS duration and RLS type and grade. As shown in Table 4,  
the RLS duration of different RLS types are different. 
The duration of P-RLS was longer than that of PFO-
RLS. Correlation analysis showed that RLS duration was 
significantly correlated with RLS type (P<0.001, r=0.902). 
In addition, there was no significant correlation between the 

A B

Figure 2 Representative images of RLS signal diagnosed by TEE combined with ASCE. (A) PFO-RLS signal under Valsalva maneuver; (B) 
P-RLS signal under Valsalva maneuver. FR, frequency; C, dynamic range; P, afterglow; Gen, General mode; VALSALVA, Valsalva action; 
PAT, photoacoustic tomography; TEE, transesophageal echocardiography; bpm, beats per minute; LUPV, left upper pulmonary vein; 
RLS, right-to-left shunt; ASCE, agitated saline contrast echocardiography; PFO-RLS, patent foramen ovale right-to-left shunt; P-RLS, 
pulmonary right-to-left shunt. 

Table 2 Correlation analysis between the occurrence of CS and RLS 
type

RLS type CS group Control group r P

No RLS 26 60 0.346 <0.001

PFO-RLS 63 18

P-RLS 25 15

PFO-RLS + P-RLS 3 0

CS, cryptogenic stroke; RLS, right-to-left shunt; PFO-RLS, patent 
foramen ovale right-to-left shunt; P-RLS, pulmonary right-to-left 

shunt.

Table 3 Correlation analysis between the occurrence of CS and RLS 
grade

RLS semi-quantitative 
grading

CS group Control group r P

0 26 60 0.569 <0.001

1 11 21

2 22 10

3 58 2

CS, cryptogenic stroke; RLS, right-to-left shunt.

Table 4 Correlation analysis of RLS duration with RLS type and grade

Contents
RLS duration time 

(cardiac cycles)
r P

RLS type 0.902 <0.001

PFO-RLS 8.0 (7.0, 9.0)

P-RLS 19.0 (17.0, 20.0)

PFO-RLS + P-RLS 20.0 (18.0, 22.0)

RLS semi-quantitative grading −0.154 0.09

1 10.0 (8.0, 20.0)

2 9.0 (8.0, 17.0)

3 9.0 (8.0, 10.0)

Continuous variables that did not follow a normal distribution were 
presented as median (interquartile range). RLS, right-to-left shunt; 
PFO-RLS, patent foramen ovale right-to-left shunt; P-RLS, pulmonary 

right-to-left shunt.



Gao et al. RLS in CS1054

© AME Publishing Company. Cardiovasc Diagn Ther 2024;14(6):1048-1057 | https://dx.doi.org/10.21037/cdt-24-288

duration of RLS and RLS semi-quantitative grading (P>0.05).

The diagnostic value of RLS related indicators in CS 

In view of the correlation between RLS type and grade and 
the occurrence of CS, the preliminary application value 
of different RLS indicators in the diagnosis of CS was 
analyzed by ROC curve. As shown in Figure 3 and Table 5, 
the RLS grade had the highest diagnostic AUC of 0.807 in 
CS, suggesting that the RLS grade has the best diagnostic 
value. This result is consistent with the results of correlation 
analysis. In addition, the diagnostic AUC of RLS type and 
RLS duration in CS was similar, which may be related to the 
high correlation between the two (r=0.902). In addition, the 
sensitivity of RLS grade in the diagnosis of CS was 68.4%, 
which was slightly lower than that of RLS type and RLS 
duration, suggesting that the detection rate of RLS grade in 
the diagnosis of CS was low. However, RLS grade has a high 
diagnostic specificity (87.1%), suggesting that RLS grade is 
not prone to misdiagnosis in CS diagnosis. The above results 
indicate that these three different RLS-related indicators 
can be used as an auxiliary means for CS diagnosis. Among 
them, the diagnostic value of RLS grade is the best.

Discussion

Key finding

RLS grade and RLS type are significantly correlated with the 
occurrence of CS. RLS type, RLS grade, and RLS duration 
time can be used as an auxiliary means for CS diagnosis.

Strengths and limitations

Studies have shown that RLS may be one of the risk 
factors for CS and is associated with the occurrence and 
development of CS (6,22). In addition, about a quarter of 
adult patients have RLS (23). RLS can be seen in many 
diseases, such as cryptogenic ischemic stroke, migraine 
(especially aura), white matter lesions, Alzheimer’s disease, 
sleep apnea, etc. Therefore, identifying the risk of CS 
through different RLS indicators has important clinical 
significance for the early diagnosis and timely treatment of 
CS. In this study, RLS grade, type and duration were used 
as predictors of CS, and the ROC curve of these indicators 
in CS diagnosis was analyzed. Among these RLS-related 
indicators, the RLS grade had the highest diagnostic AUC 
in CS, suggesting that the RLS grade has the best diagnostic 
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Figure 3 ROC curve of different RLS diagnostic methods in the diagnosis of cryptogenic stroke. RLS, right-to-left shunt; AUC, area under 
the curve; ROC, receiver operating characteristic. 

Table 5 Comparison of different RLS indexes in the diagnosis of cryptogenic stroke

Variables AUC (95% CI) Youden index Sensitivity (%) Specificity (%) PPV (%) NPV (%) P

RLS type 0.700 (0.626, 0.773) 0.423 77.8 64.5 77.8 63.4 <0.001

RLS grade 0.807 (0.748, 0.866) 0.555 68.4 87.1 68.4 87.1 <0.001

RLS duration time 0.707 (0.634, 0.780) 0.423 77.8 64.5 77.8 64.5 <0.001

RLS, right-to-left shunt; AUC, area under the curve; CI, confidence interval; PPV, positive predictive value; NPV, negative predictive value. 



Cardiovascular Diagnosis and Therapy, Vol 14, No 6 December 2024 1055

© AME Publishing Company. Cardiovasc Diagn Ther 2024;14(6):1048-1057 | https://dx.doi.org/10.21037/cdt-24-288

value. This result is also consistent with the results of 
correlation analysis. Moreover, the specificity of RLS grade 
in the diagnosis of CS was as high as 87.1%, suggesting that 
RLS grade was not prone to misdiagnosis in the diagnosis of 
CS. In addition, the diagnostic AUC of RLS type and RLS 
duration in CS is similar, which may be related to the high 
correlation between the two. The above results indicate that 
these three different RLS-related indicators can be used as 
an auxiliary means for CS diagnosis.

There are still some shortcomings in this study. First of 
all, this study only involves PFO-RLS and P-RLS, and no 
further analysis is made for intrinsic RLS and latent RLS. 
Furthermore, the sample size of this study is relatively 
small, and the etiology of highly occult CS requires more 
clinical evaluation. Therefore, larger sample size and 
multicenter studies are needed to further verify and improve 
our conclusions in the future. In addition, the sensitivity of 
RLS grading is too low, only 68.4%.

Comparison with similar researches

At present, there are few studies related to RLS duration, 
and the correlation between RLS duration and other RLS 
indicators is still unknown. RLS duration is described by 
cardiac cycle. In general, P-RLS is not affected by left and 
right atrial pressure, and the path is relatively smooth, so 
the left heart microbubbles last longer (24). The duration 
of left heart microbubbles is generally more than 15 cardiac 
cycles, and even the regression time is later than that of the 
right heart (24). PFO-RLS is affected by the pressure of the 
left and right atrium (24). When the right atrial pressure 
is greater than the left atrial pressure, the oval foramen 
will open at a moment, and the left heart will have a short 
duration of microbubbles (24). The left heart microbubbles 
generally fade away around 10 cardiac cycles (24). In this 
study, we found that RLS duration was significantly correlated 
with RLS type. However, there was no significant correlation 
between RLS duration and RLS size, which may be related to 
the small sample size. The above results show that the duration 
of RLS depends more on the type of RLS, the duration of 
PFO-RLS is shorter, and the duration of P-RLS is longer.

Explanations of findings

First, we compared the baseline data of patients in the CS 
group and the control group. There was no significant 
difference in the proportion of smoking, drinking, 
hypertension and diabetes between the CS group and the 

control group, suggesting that traditional cerebrovascular 
disease risk factors were not significantly different between 
the CS and general headache populations. In addition, the 
vascular risk factors of the patients were evaluated. Similarly, 
we found that there was no significant difference in TG, 
TC, HDL and LDL levels between CS patients and normal 
controls. In addition, recent study has shown that female 
CS patients have different clinical characteristics and poorer 
early prognosis compared with male CS patients (25). Our 
study has not found similar results, which may be related 
to the small sample size we included, and subsequent study 
still needs to expand the sample size. Subsequently, RLS 
was detected by ASCE in all patients. We found that the 
proportion of RLS in CS patients was significantly higher 
than that in the control group, suggesting that RLS may 
be a risk factor for CS. Therefore, we further analyzed the 
correlation between the occurrence of CS and different 
RLS indicators.

There was a big difference in the overall RLS grade 
distribution between the CS group and the control group. 
In this study, due to the low sample size, there was no 
further subdivision study on whether there was a significant 
difference in the distribution between the CS group and 
the control group under the same RLS classification. It can 
be seen from the existing results that for CS patients, the 
proportion of RLS grade 3 is the highest, while most of 
the patients in the control group did not detect RLS. The 
detection rate of RLS in the control group was about 35%, 
which was slightly higher than the detection rate of RLS in 
normal people in previous study (22). It may be related to 
the symptoms of dizziness and headache in patients (22). In 
addition, in the control group with RLS, the proportion of 
patients with RLS grade 1 was the highest. Previous study 
has also shown that RLS detected in the normal population 
is mostly small shunts, which also explains why the 
detection rate of RLS in the population is as high as 30%, 
but the incidence of CS is far lower than this (23). Some 
studies have also suggested that PFO-RLS flow should not 
be the only criterion for measuring CS, because there is 
no correlation between RLS size and cerebral infarction 
volume in CS patients (6,26). CS patients with a small 
amount of shunt have a larger infarct volume. However, 
this study also found a correlation between PFO-RLS size 
and the incidence of CS, consistent with our findings (26). 
The limitation of this study is that it ignores the type of 
RLS (26). Our results show that the incidence of CS is also 
significantly correlated with the type of RLS. However, 
given space limitations and the article’s main objectives, 
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the correlation between RLS type and cerebral infarction 
volume in CS patients needs to be clarified in subsequent 
study.

Implications and actions needed

Previous study has shown that CS populations have 
different clinical characteristics and prognosis in different 
genders (25). The sample size is subsequently expanded to 
explore the value of RLS type, RLS grade, or duration of 
RLS in CS patients of different genders.

Conclusions 

In summary, different RLS grades and types are significantly 
correlated with the occurrence of RLS. The duration 
of RLS was related to different RLS types, but has no 
significant correlation with RLS grade. RLS grade, RLS 
type and RLS duration can be used as auxiliary means for 
CS diagnosis. The RLS grade has the highest diagnostic 
efficiency and diagnostic specificity in CS diagnosis. RLS 
grade as an auxiliary means of CS diagnosis can effectively 
reduce the misdiagnosis rate of CS, which has important 
clinical significance for early detection of CS risk.
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