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Agitated saline with 10% blood increases number and stability 
of microbubbles in detection right-to-left shunt by contrast-
enhanced transcranial Doppler: an in vitro and in vivo 
observational study 
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Background: Agitated saline (AS) with blood has been shown to have good tolerance and increased 
efficacy when used in contrast-enhanced transcranial Doppler (c-TCD) to detect right-to-left shunt (RLS). 
However, little is known about the effects of blood volume on c-TCD results. Our study investigated the 
characterization of AS with different blood volumes in vitro and compared the c-TCD results in vivo.
Methods: In vitro, AS without blood, AS with 5% blood (5% BAS), and AS with 10% blood (10% 
BAS) were prepared based on previous studies and observed under microscopy. The numbers and sizes 
of the microbubbles from different contrast agents were compared immediately, 5 min, and 10 min post-
agitation. In vivo, 74 patients were recruited. c-TCD was repeated 3 times using AS with different blood 
volumes in each patient. Signal detection times, positive rates, and classifications of RLS were compared 
among the 3 groups.
Results: In vitro, the AS without blood produced 5.4±2.4/field microbubbles after agitation, the 5% BAS 
produced 30.4±4.2/field, and the 10% BAS produced 43.9±12.7/field. More microbubbles remained in the 
10% BAS than the 5% BAS within 10 min (18.5±6.1 vs. 7.1±2.0/field, P<0.001). The size of the microbubbles 
from the 5% BAS increased from 9.2±8.2 to 22.1±10.6 μm within 10 min post-agitation (P=0.014), while the 
10% BAS changed insignificantly. In vivo, the signal detection times of the 5% BAS (1.1±0.7 s) and 10% BAS 
(1.0±0.8 s) were significantly shorter than the AS without blood (4.0±1.5 s, P<0.0001). The RLS positive 
rates were 63.5%, 67.6% and 71.6% in AS without blood, 5% BAS and 10% BAS respectively; however, the 
differences were not statistically significant. The AS without blood reached 12.2% level III RLS, while the 5% 
BAS reached 25.7%, and the 10% BAS reached 35.1% (P=0.005).
Conclusions: The 10% BAS would be suggested in c-TCD as it addressed larger RLS by increasing the 
number and stability of microbubbles, and it improves the diagnosis of patent foramen ovale (PFO). 
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Introduction

The patent foramen ovale (PFO) is one of the most common 
anatomic variants and is found in nearly 30% of the general 
population (1). The occasional opening of the PFO results 
in an abnormal right-to-left shunt (RLS). A thrombus and 
tumor straddling the PFO provide direct evidence that 
the RLS-related paradoxical embolism is correlated with 
cryptogenic stroke, migraine, and some of other symptoms 
(2,3). Given the increasingly understanding of PFO closure 
for stroke prevention, current guidelines recommend PFO 
screenings for stroke patients as necessary (4,5).

A PFO screening relies on morphological findings and a 
functional assessment. Transesophageal echocardiography 
(TEE) provides clear morphological images and is considered 
the gold standard for diagnosing PFO. However, due 
to the discomfort of patients during the procedure and 
difficulties related to patients agreeing to cooperate in further 
examinations, TEE is the last option for PFO screening (6). 
Contrast-enhanced transcranial Doppler (c-TCD) has been 
widely used for RLS screening because of its high tolerance 
and safety. Microbubbles produced by contrast agents go 
to the brain vessels and are semi-quantified by c-TCD; the 
higher the RLS level, the stronger the correlation between 
the PFO and symptoms (7).

Previous studies have shown that adding blood 
significantly improves the performance of agitated saline 
(AS) in diagnosing RLS; however, controversy remains as 
to the optimal amount of blood, from one drop to 10%, 
in the AS, and the mechanism for improving c-TCD 
performance is unclear. Gentile et al. showed 1 mL blood in 
AS significantly improved RLS results (8). Differently, Hao 

and colleagues demonstrated the superiority of adding one 
drop of blood to AS in detecting RLS (9). No matter how 
much of blood was added, the mechanism for improving 
c-TCD performance might come from the enhancement 
by red blood cells or more bubbles (10,11). In this study, 
we compared the characterization of microbubbles 
induced by AS without blood, AS with 5% blood (5% 
BAS), and AS with 10% blood (10% BAS), which were 
common agents applied in clinical practice, in vitro and 
compared the positive rate and RLS classification by 
c-TCD in patients using 3 contrast agents to investigate the 
correlation between the characterization of AS with blood 
and the clinical performance of c-TCD. We present the 
following article in accordance with the MDAR reporting 
checklist (available at https://jtd.amegroups.com/article/
view/10.21037/jtd-23-284/rc).

Methods

In vitro analysis of contrast-induced microbubbles 

The number, size, and stability of the microbubbles induced 
by different contrast agents were recorded and compared 
under a microscope. The contrast agents were prepared as 
follows: AS without blood, containing 1 mL of air and 9 mL 
of saline; 5% BAS, containing 1 mL of air, 0.5 mL of whole 
blood, and 8.5 mL of saline; and 10% BAS, containing 1 mL 
of air, 1 mL of whole blood, and 8 mL of saline. The agent 
was agitated by mixing 10 times through 2×10 mL syringes 
connected with a 3-way stopcock. One drop of mixture was 
placed on a slide and observed at 40× magnification under a 
microscope. The observations of each agent were repeated 
10 times. The microbubble number was calculated from the 
average of 3 fields at each observation. The microbubble 
size was measured according to the scale bar. Microbubble 
stability was compared by numbers and sizes at 5 min and 
10 min post-agitation.

In vivo analysis of the detection of RLS by c-TCD

Patients at the Congenital Heart Disease Center, Wuhan 
Asia Heart Hospital, who were suspected to have RLS and 
were aged >18 years, were continuously recruited for this 
study from May to July 2021. Patients were excluded from 
the study if they met any of the following exclusion criteria: 
(I) had a vascular puncture difficulty; (II) had multiple 
organ failure; and/or (III) were unable to cooperate. The 
study was conducted in accordance with the Declaration 
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of Helsinki (as revised in 2013). The study protocol was 
reviewed and approved by the Ethics Committee of Wuhan 
Asia Heart Hospital (No. 2021-016). Informed written 
consent was obtained from all the patients while recruiting.

The c-TCD examination was performed by 2 senior 
technicians with a transcranial Doppler machine (Delica 
Medical Equipment, Shenzhen, China) using a probe at 
1.6 MHz. The patient underwent the examination in the 
supine position. An 18-gauge needle (Becton Dickinson, 
Franklin Lakes, NJ, USA) was inserted into the cubital 
vein to inject the contrast agent. The left middle cerebral 
artery was isolated for cranial signal detection. All the 
patients underwent examinations with 3 contrast agents. 
The examination started randomly, and the tests using 
the different contrast agents were performed with 15-min 
breaks. The 3 agents were prepared and mixed as described 
above before the examination. The contrast agent (10 mL)  
was injected rapidly after being well prepared. The 
examinations were repeated at rest and with the Valsalva 
maneuver. The patients performed the Valsalva maneuver 
using a breathing assistant instrument to ensure better 
cooperation. The microbubble signal was determined by 
a Doppler flow velocity curve during the examination. 
The number of microbubbles was detected by TCD 
within 25 s of the injection and recorded for later analysis. 
The detection time was defined as that from the contrast 
injection to the first signal and was also recorded.

The level of RLS was classified according to the current 
guidelines (12) as follows: Level 0: no signal detected, 
no RLS; level I: 1–20 microbubbles, mild RLS; level 
II: 30–50 microbubbles, moderate RLS; and level III:  
>50 microbubbles, large RLS.

Statistical analysis

The data are presented as the mean ± standard deviation 
for the normally distributed continuous data. The 
descriptive data are presented as the count and percentage. 
A 1-way analysis of variance was applied to compare the 
microbubble number among the 3 contrast agents, followed 
by a least significant difference (LSD) or Tamhane’s T2 
test according to the variance. The differences in detection 
times among the 3 agents were compared using a paired-
sample t test. The categorical variable as RLS classification 
were compared by Crosstabs with the χ2 test. A two-sided P 
value <0.05 was considered statistically significant. All the 
statistical analyses were performed using SPSS 21.0 (IBM, 

Armonk, NY, USA).

Results

In vitro characterizations of AS with different blood 
amounts

Images of different agent-induced microbubbles under 
microscopy are shown in Figure 1. The numbers of 
microbubbles differed significantly among the contrast 
agent s  (F=62 .38 ,  P<0 .001) .  10% BAS produced  
43.9±12.7/field microbubbles immediately after agitation, 
which was much more than that of the AS without blood 
(5.4±2.4/field, P<0.001) and the 5% BAS (30.4±4.2/field,  
P=0.025). A great number of microbubbles in the AS 
without blood group were observed when injecting 
the mixture on the slide; however, these microbubbles 
disappeared very quickly and before capture. Differences 
in the numbers between the 5% BAS and 10% BAS were 
the greatest at 5 minutes post-agitation and remained at  
10 minutes post-agitation. Nearly 70% of the microbubbles 
(30.7±6.9/field) remained in the 10% BAS 5 min post-
agitation, and half of the microbubbles (15.4±4.4/field) 
from the 5% BAS remained under microscopy (Figure 2). At 
10 min post-agitation, an 18.5±6.1/field could be observed 
in the 10% BAS, which was still more than that in the 5% 
BAS (7.1±2.0/field, P<0.001). The microbubbles induced 
by the 10% BAS were larger than those induced by the 5% 
BAS immediately post-agitation (13.6±6.3 vs. 9.2±8.2 μm, 
P<0.001). The small microbubbles were eliminated faster in 
the 5% BAS group, which resulted in a size increase from 
5 to 10 min post-agitation (17.3±10.7 vs. 22.1±10.6 μm, 
P=0.018). The size of the microbubbles in the 10% BAS 
group did not change significantly from 5 to 10 min post-
agitation (14.5±5.3 vs. 12.6±6.4 μm, P=0.276).

In vivo results of c-TCD using AS with different blood 
amounts

A total of 74 patients were included in the study. No 
adverse events occurred during or after the study. The 
clinical characteristics of the patients are shown in Table 1.  
The c-TCD results were inconsistent when different 
contrast agents were used in the same patient (Figure 3). 
The microbubble detection time using the AS without 
blood (4.0±1.5 s) was longer than that of either the 5% BAS 
(1.1±0.7 s, P<0.0001) or the 10% BAS (1.0±0.8, P<0.0001). 
Table 2 sets out the RLS classification by c-TCD using 
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Figure 1 Contrast-induced microbubbles under a microscope. Microbubbles induced by different contrast agents were captured by a 
microscope at 40× magnification immediately after agitation, 5 min post-agitation, and 10 min post-agitation. (A-C) Microbubbles induced 
by AS; (D-F) microbubbles induced by 5% BAS; (G-I) microbubbles induced by 10% BAS. Scale bar: 100 μm. PA, post-agitation; AS, 
agitated saline without blood; 5% BAS, agitated saline with 5% blood; 10% BAS, agitated saline with 10% blood.

different contrast agents. RLS was found in 47 (63.5%) 
patients using the AS without blood, 50 (67.6%) using the 
5% BAS, and 53 (71.6%) using the 10% BAS. Differences 
in the overall positive rate among the 3 contrast agents 
did not reach statistical significance. However, the AS 
with blood had more moderate to large RLS than the AS 
without blood. There were 35 (47.3%) patients with RLS 
levels II and III in the c-TCD using the 5% BAS, and 38 
(51.4%) using the 10% BAS, which was significantly more 
than that using the AS without blood (17, 23.0%, P=0.001). 
Moreover, the RLS classification when using the 10% BAS 
yielded the highest rate of RLS level III compared to the 
other 2 contrast agents (Table 2).

Discussion

Our in vitro study demonstrates that the BAS significantly 
increased the number of microbubbles. The microbubbles 
in the BAS were more stable than those in the AS. 
Moreover, the number was the highest and the stability of 
the microbubbles was the best in the 10% BAS. Similarly, 

our in vivo study showed that the BAS contrast agents 
significantly increased the positive rate and the level of RLS 
detected by c-TCD in patients. The use of 10% BAS in the 
c-TCD further increased the positive rate and RLS level 
more than the 5% BAS; however, the difference was not 
statistically significant.

Contrast agents containing gas bubbles have been 
used to expand the diagnostic yield of ultrasonography 
for many years. The gas bubbles not only trace the tissue 
profile for differential diagnosis, but also increase the blood 
flow signal used to assess flow direction and velocity (13). 
Importantly, the size and stability of gas bubbles affects the 
diagnosis rate (14). Studies have shown that adding blood 
to AS significantly improves the performance of contrast 
agents (11). Jeon et al. compared the characteristics of 
microbubbles of different contrast agents and found that 
the number of microbubbles was significantly more in 
the 10% air–10% blood-saline mixture than in the 10% 
air-90% saline, which resulted in higher accuracy in the 
measurement of pulmonary artery systolic pressure (15).

Similarly,  our study showed that adding blood 



Li et al. Characteristics of AS with blood in c-TCD1974

© Journal of Thoracic Disease. All rights reserved. J Thorac Dis 2023;15(4):1970-1977 | https://dx.doi.org/10.21037/jtd-23-284

s ignif icantly  increased the microbubble number. 
The number of microbubbles increased as the blood 
amount increased. We observed that a large amount of 
microbubbles in the AS without blood could be observed 
under the microscope; however, they disappeared too 

quickly for capture. The AS without blood had the lowest 
recorded number, as the microbubbles were very unstable. 
This might be one reason why AS had the lowest diagnosis 
rate when it was used in c-TCD in later investigations. 
Our study also showed that both the size and number of 
microbubbles were most stable in the 10% BAS, which 
could be the reasons why the 10% BAS had the highest 
positive rate and RLS levels in c-TCD.

PFO diagnosis is recommended in current stroke 
prevention and management guidelines (4). c-TCD 
is becoming more important for RLS screenings and 
diagnoses because of its good tolerance and good safety 
profile. Yang observed a similar detection rate between 
c-TCD and c-TEE (16). With a sensitivity of 80%, c-TCD 
had a higher diagnostic rate and a lower misdiagnosis rate 
and negative likelihood ratio than c-TTE when applied to 
PFO detection (17). Unlike c-TTE, c-TCD positive was 
correlated with a pathogenic PFO that produced moderate 
to large RLS (18). c-TCD has been recommended for 
the first screening of PFO when considering cardiogenic 
RLS (12); however, the results relied on the operator and 
standard protocol, which is still being debated.

Studies have reported variations in the RLS diagnosis 
rate when using different contrast agents (19,20). Compared 
to commercial contrasts and AS without blood, the addition 
of blood increases the sensitivity of c-TCD to as high 
as 100% (10). Further, the blood amount in the AS is 
controversial given clinical safety and practices. Gentile 
noted that adding 1 mL of a patient’s blood significantly 
increased the number of microbubbles, and led to a higher 
positive rate and RLS levels in patients (8). Conversely, 
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Figure 2 Size of microbubbles from different contrast agents at 
different times. Changes in size and number of microbubbles from 
different contrast agents after agitation. Each dot represents 1 
microbubble under microscopy. PA, post-agitation; AS, agitated 
saline without blood; 5% BAS, agitated saline with 5% blood; 10% 
BAS, agitated saline with 10% blood.

Table 1 Baseline characteristics of the study population

Clinical characteristics N (%)

Sex (male/female) 30 (40.5)/44 (59.5)

Age (years), mean ± SD 39.9±16.1

Symptom

Ischemic stroke 30 (40.5)

TIA 29 (39.2)

Dizziness 11 (14.9)

Migraine 39 (52.7)

Syncope 3 (4.1)

Aphasia 1 (1.4)

SD, standard deviation; TIA, transient ischemic attack.
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Hao et al. reported that adding 1 drop of blood significantly 
improved RLS diagnosis of c-TCD by producing more 
microbubbles (9). Our study showed similar results; that is, 
the RLS levels in c-TCD differed when different contrast 
agents were used. The detection time was much shorter 
when the BAS was used than when the AS without blood 
was used. The use of the BAS led to higher RLS levels 
than the use of the AS without blood. There was a trend 
of more positive and higher RLS levels when using the 
10% BAS; however, the differences between the 5% BAS 
and 10% BAS were not statistically significant. We tried 
to include AS with 1 drop of blood in our study; however, 
inconsistences between the replications led to the exclusion 
of the data from further analysis.

Our study included an in vitro analysis and in vivo 
observations to demonstrate the effectiveness of using BAS 
for c-TCD; however, our study had a number of limitations. 
Firstly and most importantly, the number of cases included 

in our study was small, which might lead to the results 
of no statistically significant differences among three 
agents. Secondly, we only studied three amounts of blood 
in AS, which were none, 5%, and 10% based on previous 
reports and clinical experiences. Other amounts of blood 
in AS may further address the difference and significance. 
Thirdly, unlike in previous studies, we directly observed 
the microbubbles on slide without covering the slide, which 
might have resulted in the movement and elimination of 
microbubbles. 

Conclusions

In conclusion, we showed that adding blood to AS 
significantly improved c-TCD performance by increasing 
the number and stability of microbubbles when detecting 
RLS. The use of 10% BAS will improve the diagnosis of 
PFO.

A B C

Figure 3 c-TCD results for different contrast agents. c-TCD was performed in the same patient using different agents. (A) AS; (B) 5% BAS; 
(C) 10% BAS. c-TCD, contrast-enhanced transcranial Doppler; AS, agitated saline without blood; 5% BAS, agitated saline with 5% blood; 
10% BAS, agitated saline with 10% blood; LMCA, left middle cerebral artery.

Table 2 RLS classification by c-TCD

Agent Level 0 Level I Level II Level III

AS 27 (36.5%) 30 (40.5%) 8 (10.8%) 9 (12.2%)

5% BAS 24 (32.4%) 15 (20.3%) 16 (21.6%) 19 (25.7%)

10% BAS 21 (28.4%) 15 (20.3%) 12 (16.2%) 26 (35.1%)

χ2 1.110 10.278 3.181 10.718

P 0.574 0.006 0.204 0.005

RLS, right-to-left shunt; c-TCD, contrast-enhanced transcranial Doppler; AS, agitated saline without blood; 5% BAS, agitated saline with 
5% blood;10% BAS, agitated saline with 10% blood.
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