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Abstract: Background: The effectiveness of critical care ultrasound has been demonstrated and training for it is 
urgent. Critical Care Ultrasound Study Group (CCUSG) has been dedicated to ultrasound training. The aim of the 
study was to evaluate course structure and training effect and provide improvement suggestions for future training. 
Methods: A multicenter retrospective study was conducted. All participants went through a 2-day training curriculum 
based on the critical care ultrasonic examination (CCUE) protocol. Pre- and post-class evaluation were applied and 
data were collected. Non-parametric tests were adopted for the comparison, and a Generalized Linear Model (GLM) 
was used for further analysis. Results: A total number of 792 trainees, with a mean age of 35.8, participated in the 
study. There were more males in the study population. Most of the trainees were attendings, and most of them had 
bachelor’s degrees, worked at tertiary hospitals and had a mean working experience of 6.9 years. The scores of all 
trainees were improved to various degrees after the course. An increase from 50% to 72% (P≤0.001) was seen in 
theory test scores. All the competency assessment scores, including IAS (34% to 50% for cardiac images and 30% 
to 60% for pulmonary images), IPS (30% to 50%) and AAS (31% to 44%), were improved. A questionnaire after class 
suggested that 88.0% of the participants found the training course very useful. Conclusion: 2-day training course 
can improve the ability of physicians to assess critically ill patients with the help of the ultrasound.
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Introduction

In recent years, critical ultrasound has become 
the first choice among imaging techniques to 
integrate both clinical and laboratory informa-
tion of critically ill patients [1]. Point-of-care 
(POC) ultrasound provides effective help for 
bedside monitoring and assessment of com-
plex clinical situations [2]. Differential diagno-
sis can also be effectively carried out in most 
cases, such as for hemodynamic instability and 
acute respiratory failure [3-5]. Since the begin-
ning of 2020, the coronavirus disease 2019 
(COVID-19) pandemic has led to unprecedent-
ed pressure on healthcare services, especially 

for critically ill patients [6], and POC ultrasound 
has been an effective weapon for doctors to 
maximize patient access to appropriate clinical 
evaluation, and plays a decisive role in decision 
making and surveillance [7].

Although evidence exists to support the clinical 
value of POC ultrasound [8], the steep learning 
curves for ultrasound suggest that the learning 
period should be very long. However, studies 
showed that it can be significantly shortened 
under the guidance of the tutor [9, 10]. In the 
past few years, many curricula have sprung up 
in order to give effective training [11-14]. In 
China, there has been no mature training sys-
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tem for the intensivists. Since 2013, Critical 
Ultrasound Study Group (CCUSG) has been 
dedicated to the construction of a proper  
training system and the popularization of  
critical ultrasound, and thousands of doctors 
have been trained (Supplementary Material). In 
order to improve the quality of training continu-
ously, research started focusing on training 
effect as well as the problems in the training 
process. The aim of this study was to evaluate 
course structure and training effect, at the 
same time, to provide improvement sugges-
tions for future training.

Methods

Participants

A multicenter retrospective study was conduct-
ed nationwide in China from July 2019 to 
December 2020, and 19 centers were involved 
including Beijing, Changsha, Chengdu, Chong- 
qing, Fuzhou, Guangzhou, Guiyang, Jinan, Kun- 
ming, Nanning, Shanghai, Shenyang, Shenzhen, 
Shijiazhuang, Tianjin, Wuhan, Xining, Xuzhou 
and Yantai. This study was approved by the eth-
ics committee of Peking Union Medical College 
Hospital. Ethics board review was waived as 
the training is part of the normal practice, which 
was confirmed by the local committee. Trainees 
were all invited to this program and written 
informed consent were obtained.

Training course setting

Trainees, including intensive care specialists, 
anesthetists and other physicians, with differ-
ent backgrounds (time for critical work, hospi-
tal level, gender, age, professional rank and 
education background) were all in a two-day 
critical ultrasound training curriculum, no mat-
ter whether they had undergone any ultrasound 
training.

A pre-class test was applied before starting the 
course including a theory test and a compe-
tence assessment which composed of image 
acquisition score (IAS), image interpretation 
score (IPS) and application ability score (AAS). 
The training curriculum was based on the  
critical care ultrasonic examination (CCUE) pro-
tocol, and was composed of three sections, 
which were imaging acquisition, imaging inter-
pretation, and clinical application [15] (Supple- 
mentary Material).

Imaging acquisition

The imaging acquisition section, including five 
cardiac views and ten pulmonary views, and a 
combination of eFATE and BLUE-plus protocols 
[15, 16], was taught by the trainers through a 
“hand to hand teaching” method. In critically ill 
conditions, we need to assess the cardiopul-
monary function at the same time. CCUE proto-
col was selected because eFATE protocol 
focused on cardiac function while BLUE-plus 
protocol only assessed morphology and func-
tion of the lung. Every trainer was responsible 
for about 8 trainees who were trained at the 
same time in the same place.

Image interpretation

The image interpretation section included more 
than 100 dynamic images carefully selected 
from the database of CCUSG and was divided 
into the echocardiography (ECHO) part and the 
lung ultrasound (LUS) part. In the ECHO part, 
the trainees were taught to recognize the nor-
mal and abnormal structure and function of the 
heart by the sequence of “cavity-wall-valve-
flow”, and in the LUS part, the trainees were 
taught to recognize the typical patterns includ-
ing A lines, B lines, consolidation (including 
shred sign, and tissue-like sign), pleural effu-
sion, and lung point. Clinical application section 
included the integration of ultrasound imaging 
and the clinical information, also known as “6 
steps of hemodynamic assessment”, and a 
typical case would also be used to fully illus-
trate this method. A post-class test which was 
the same as the pre-class test was repeated 
after the whole training program. All the train-
ers were authorized by CCUSG, with more than 
five years of experience in critical care ultra-
sound practice and three years of training expe-
rience. The flow chart is seen in Figure 1. 
Details of the curriculum and CCUSG are shown 
in Supplementary Material.

Feedback questionnaire survey

A questionnaire was used to survey partici-
pants’ satisfaction with the course. The ques-
tionnaires were designed to be short, and were 
distributed through the WeChat QR code, and 
participants attending the course were invited 
to fill them out after each session and informed 
that real-time teaching improvements would be 
made based on the results of the question-
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naires, which ensured the authenticity and reli-
ability of the survey results as well as a high 
response rate.

Statistical methods

All the data were collected from CCUSG data-
base, including personal information, scores of 
theory tests and scales both pre- and after-
class. Personal information included gender, 
age, time for critical care work, professional 
rank, hospital level [17], education background, 
and training city. Continuous variables were 
described as mean ± standard deviation (SD) 
or median value with 25th and 75th percen-
tiles. Categorical variables were presented as 
numbers and percentages. Gender, hospital 
level, education background, professional rank 
and training city were used as categorical vari-
ables. Comparison of scores of trainees before 

Beijing as reference groups, separately. 
Statistical significance was set as P<0.05. All 
analyses were conducted using Statistical 
Product and Service Solutions (SPSS) software 
Version 25.0.

Results

A totalof 792 trainees participated in the study. 
Distribution of trainees are shown in Figure 2. 
The mean age of the trainees was (35.8±6.3). 
The trainees included more males (N=438), 
taking up 55.3% of the total population. 46.6% 
of the trainees were attendings, and 58.4% of 
them had bachelor’s degree. Among the 19 
training cities, Changsha trained the most 
intensivists (N=123, 15.5%). 78.2% of the 
trainees worked at the tertiary hospitals. The 
mean working experience was 6.9±4.9 years 
(Table 1).

Figure 1. Flow chart of the curriculum. LUS: Lung Ultrasound.

and after the training course 
were conducted with non-para-
metric tests, since the data were 
not in a Gaussian distribution.

Subgroup analyses were strati-
fied by gender, hospital level, 
education background, profes-
sional rank, and training city to 
assess the factors influencing 
the training effect. If P<0.05, 
Generalized Linear Model (GLM) 
was adopted to determine the 
predictors of various characters 
for each intensivist. β-values 
and their confidence intervals 
(CIs) were estimated to quantify 
them. In the first step, a basic 
model was constructed without 
the inclusion of the confounding 
factors. To adjust for confound-
ing effects, personal informa-
tion was incorporated into the 
model in the second step. In 
multivariate regression analysis, 
a situation may occur where the 
predictor variables are highly 
correlated with each other as 
well as with the response vari-
able, and this is referred to as 
“collinearity”. As age and time 
for critical work was highly cor-
related, we only took the latter 
into the final model. We set the 
bachelor degree group and 
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Non-parametric test showed that after the 
training course, the theory scores and the 
assessment scale of all trainees were improved 
to various degrees (Table 2). The median score 
for the theory test improved significantly from 
50% to 72% (P<0.0001). Competence assess-
ment scale, including IAS, IPS and AAS, was 
also improved. Acquisition scores on the cardi-
ac images went up from 34% to 50% and 30% 
to 60% for pulmonary images (P<0.0001). IPS 
also increased, from 30% to 50% (P<0.0001). 
Also, we were pleased to find the training 
course was helpful to the clinical work, as AAS 
improved from 31% to 44% (P<0.0001). A 38% 
improvement was seen from the feedback of 
the trainees. The results of the questionnaire 
suggested that 88.0% of the participants felt it 
very useful after the training course.

As shown in Table 3, P values were different 
among various subgroups. Non-parametric test 
showed that educational background and train-
ing place affect the quality of training, with P 
values less than 0.05 (Table 3). Educational 
background affect the improvement in theory 
test, IPS and AAS. Then, an analysis of covari-
ance (ANCOVA) with educational background 
as the independent variable, pre-training 
scores as the covariate, and score differences 
across scores as the dependent variable 
showed that there was no interaction between 
educational background and pre-training score, 

cal significance: β-value was 4.11 (95% CI: 
0.31-7.91) (Table 5). Training location also 
affected efficacy. Taking Beijing as the refer-
ence group, improvement of pulmonary IAS and 
AAS were lower in Yantai and higher in Fuzhou. 
In Yantai, β-value for pulmonary IAS was -18.2 
(95% CI, -33.12 and -3.29). For AAS, the value 
was -14.28 (95% CI, -23.48 and -5.07). In 
Fuzhou, the values were 27.16 (95% CI, 13.82 
and 43.51) and 14.57 (95% CI, 6.03 and 
23.12), separately. No statistically significance 
was seen among other cities (Table 6).

Discussion

To the best of our knowledge, this is the first 
study ever conducted nationwide in China to 
improve the ability of all physicians to rapidly 
assess critical illness. It is also the largest 
multi-center study on critical ultrasound train-
ing in the world. After the 2-day training course, 
trainees can grasp the basic skills in critical 
ultrasound, and the method of evaluating 
hemodynamics can be mastered in a short 
time. Ultrasonography can be effectively used 
to help doctors evaluate the patients’ hemody-
namic state. In the past, point-of-care ultra-
sound was mainly used to guide operations and 
other procedures but it is now generally recog-
nized as an indispensable tool in intensive care 
units (ICUs) [18]. In the last few decades, ultra-

Figure 2. Distribution of training locations and number of trainees in Chi-
na.

and the slope homogeneity 
assumption was met; the 
ANCOVA results showed that 
there was a significant differ-
ence in the score difference 
comparisons across education-
al backgrounds after removing 
confounders from pre-training 
scores (Table 4). When we did 
further analysis in GLM, only 
theory test scores were affect-
ed. In the single-factor model, 
taking the bachelor’s degree 
group as the reference group, 
the β-value for master’s group 
was 1.95 (95% CI: 0.17-3.73). 
For the doctor’s group, β-value 
was 3.86 (95% CI: 0.22-7.05). In 
the multi-factor model, no statis-
tical significance was found in 
the master’s group, while the 
doctor’s group showed statisti-
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sound has gradually become the most 
important imaging technique at the bed-
side to integrate clinical assessment of 
the critically ill patients [1]. Its applica-
tion in ICUs includes differential diagno-
sis and therapeutic management for 
most critical situations such as hemody-
namic instability [3], acute respiratory 
failure [4], or cardiac arrest [5]. Early, 
goal-directed therapy (EGDT) is recom-
mended for the resuscitation of critical 
patients, especially those presenting 
with early septic shock [19].

Ultrasound played a vital role in clinical 
decision-making during the COVID-19 
pandemic. Under heavy protective cloth-
ing, doctors’ visual diagnosis, palpation, 
percussion and auscultation are restrict-
ed to various degrees [6]. It has rapidly 
become the main assessment methods 
in diagnosis and treatment during the 
process of disease. Critically ill patients 
benefit from ultrasound exam due to its 
advantages such as convenience, speed, 
non-invasiveness, and saving of medical 
resources. There is already much evi-
dence to support the clinical value of 
lung ultrasound [8]. As for other areas, 
examinations should also be conducted 
focusing on a main clinical question [20]. 
Problem-oriented assessment of critical-
ly ill patients are of maximum benefit to 
patients. Many doctors think it is impera-
tive to master critical ultrasound, espe-
cially after COVID-19.

CCUSG, which was established in 2013, 
launched a series of ultrasound training 
courses at the beginning, aiming at get-
ting every critical care physician to mas-
ter critical ultrasound. We have focused 
on the critical care ultrasound for a long 
time, and established a series of proce-
dures [9]. The curriculum integrates the 
concept of visual management of criti-
cally ill patients based on critical ultra-
sound to provide early and correct thera-
py to the maximum extent. After constant 
exploration and trials, we finally set the 
course duration as 2 days. In the course, 
we choose the CCUE process for detailed 
introduction, because it provided assess-

Table 1. Demographics of all trainees in the curriculum
Demographics (N=792) Mean ± SD/N%
Age 35.8±6.3
Time for Critical Work 6.9±4.9
Gender
    Male 438 (55.3%)
    Female 354 (44.7%)
Professional rank
    Residents 213 (26.9%)
    Attendings 369 (46.6%)
    Associate chief physician 163 (20.6%)
    Chief physician 47 (5.9%)
Hospital Level
    Level 1 11 (1.4%)
    Level 2 162 (20.5%)
    Level 3 619 (78.2%)
City
    Beijing 22 (2.8%)
    Changsha 123 (15.5%)
    Chengdu 61 (7.7%)
    Chongqing 37 (4.7%)
    Fuzhou 46 (5.8%)
    Guangzhou 60 (7.6%)
    Jinan 24 (3%)
    Kunming 31 (3.9%)
    Nanning 33 (4.2%)
    Shanghai 39 (4.9%)
    Shenyang 16 (2%)
    Shenzhen 30 (3.8%)
    Shijiazhuang 65 (8.2%)
    Tianjin 27 (3.4%)
    Wuhan 32 (4%)
    Xining 50 (6.3%)
    Xuzhou 34 (4.3%)
    Yantai 31 (39%)
    Guiyang 31 (39%)
Note: SD: Standard deviation.

Table 2. Non-parametric tests before and after the 
training curriculum

Before Class After Class P value
Theory Test 48.3±9.9 69.5±12.3 P<0.0001
Image Acquisition
    Cardiac Image 18.7±12.4 24.5±12.1 P<0.0001
    Pulmonary Image 18.7±13.3 29.0±13.2 P<0.0001
Image Interpretation 16.9±11.3 24.2±11.9 P<0.0001
Application Ability 15.9±10.5 22.0±11.4 P<0.0001
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ment for heart and lung function at the same 
time and was performed according to the 
patients’ clinical problems. The ultrasono-
graphic findings provided strong evidence for 
clinical diagnosis, and treatment was rapidly 
applied. In terms of research programs, the 
study showed that the CCUE group had a short-
er time to diagnosis, treatment response and a 
higher diagnostic accuracy rate [15]. During the 

course, the trainees learned the basic knowl-
edge of ultrasound and the key points of ultra-
sound evaluation. Through hands-on and case 
discussion, they could apply this knowledge to 
the clinical practice to guide diagnosis and 
treatment. In general, practice is underpinned 
through education, competency and associat-
ed governance procedures [10]. Our study 
showed that all the scores including theory 

Table 3. Subgroup analysis: non-parametric test of subgroup differences on score-improvement

No. Item Gender Professional 
rank

Hospital 
Level

Educational 
Background City Professional 

background
n=788 Theory Test 0.464 0.143 0.682 0.035 0.324 0.682
n=785 Image Acquisition 0.637 0.611 0.784 0.265 0.128 0.676
n=784 Cardiac Image 0.461 0.794 0.671 0.413 0.418 0.744
n=787 Pulmonary Image 0.676 0.453 0.804 0.21 0.037 0.696
n=788 Image Interpretation 0.524 0.692 0.969 0.031 0.902 0.705
n=780 Application Ability 0.189 0.994 0.432 0.049 0.042 0.584
All results were expressed as p values. The bolded ones were significant.

Table 4. ANCOVA results of the groups’ score improvement corrected for pre-training score

Source of variance Type III sum of 
squares Df Mean square F Significant

Theory Test Corrected Model 21243.776a 3 7081.259 59.327 0.000
Intercept 65569.880 1 65569.880 549.346 0.000
Pre-training score 20155.442 1 20155.442 168.863 0.000
Education background 2233.613 2 1116.806 9.357 0.000
Error 93578.096 784 119.360 - -
Total 473293.000 788 - - -
Corrected Total 114821.872 787 - - -
a. R Squared =0.185 (Adjusted R Squared =0.182).

Image Interpretation Corrected Model 2604.966a 3 7868.322 62.022 0.000
Intercept 69864.847 1 69864.847 550.713 0.000
Pre-training score 22419.585 1 22419.585 176.723 0.000
Education background 2521.135 2 1260.567 9.936 0.000
Error 99079.684 781 126.863 -
Total 478810.000 785 - -
Corrected Total 12264.650 784 - -
a. R Squared =0.192 (Adjusted R Squared =0.189).

Application Ability Corrected Model 22268.362a 3 7422.787 59.222 0.000
Intercept 67459.508 1 67459.508 538.219 0.000
Pre-training score 21254.499 1 21254.499 169.577 0.000
Educational background 2204.057 2 1102.029 8.792 0.000
Error 97262.576 776 125.338 - -
Total 473111.000 780 - - -
Corrected Total 119530.937 779 - - -
a. R Squared =0.186 (Adjusted R Squared =0.183).
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test, image acquisition, image interpretation, 
and application ability were improved markedly 
through the 2-day training. The feedback indi-
cated 88.0% of the participants felt the training 
course was very useful. This result proved that 
the course was set reasonably, and that stu-
dents can master the relevant knowledge easi-
ly, which was gratifying to the training team.

As a training course for peers across the coun-
try, we found that the training effect was little 
affected by gender, age, or professional title. In 
the study, we found that improvements in theo-
retical performance was the most significant. 
Sensitivity analysis showed that theoretical 
score for those with high academic qualifica-
tions improved to a larger extent. This indicated 
that most trainees could master the theoreti- 
cal knowledge. Different education background 
led to different learning abilities. Therefore, set-
ting different courses for different groups was 
added to the course-improvement plan. The 
grades on practical courses were generally 
lower, which indicates that we should lengthen 
the hands-on part within the time limit. For IAS, 
pulmonary ultrasound improved to a larger 
extent. Pulmonary images were easily mas-
tered, which was consistent with the learning 
curve of cardiac and pulmonary ultrasound.

Although we spent a lot of time on echocardiog-
raphy, cardiac IAS was still lower. Studies have 
shown that echocardiography was the hardest 
to learn compared to other parts of the body. 
Meanwhile, pulmonary ultrasound was easier 
to obtain [21]. Practice makes perfect. All the 
trainees needed repeated practice, because 
even after a few examinations, image quality 

healthy adults without cardiopulmonary diseas-
es. In the past, we did not spend much time on 
image interpretation. Instead, we only focused 
on the way to get the image. Gradually, we 
improved the course by adding more abnormal 
slides and images to improve interpretation 
ability. A case-discussion part was also added 
to the course to combine critical ultrasound 
with clinical cases. According to the Canadian 
recommendations for critical care ultrasound 
training and competency, taking the difference 
in difficulty of cardiopulmonary ultrasound into 
consideration, a minimum number of 30 super-
vised studies for echocardiography should be 
performed by the learner in the training course 
while only 20 should be needed for lung and 
pleural ultrasound [9]. As the number of train-
ees increased rapidly, we could not meet the 
requirement in a limited time, so we assigned 
homework. The assignment included both 
image acquisition and interpretation, so that 
we can evaluate the students’ learning effect 
comprehensively. Repeated practice was need-
ed before handing in the final images, because 
we needed a video clip not only of images, but 
also of the evaluation process.

A difference existed in the training effect among 
different training cities. No statistical signifi-
cance was found among other classifications, 
including gender, professional rank, or hospital 
level. That is to say, except for training location, 
all the other factors such as gender, profes-
sional rank, and hospital levels did not affect 
the students’ learning curves. Our curriculum 
should reach more cities across the country. In 
terms of the training places, the training effect 
was better in provincial capitals than in remote 

Table 5. Effect of different educational background on 
score improvement

Single-factor model Multi-factor model
Theory Test
    Master 1.95 (0.17, 3.73)* 1.82 (-0.53, 3.69)
    Doctor 3.86 (0.22, 7.05)* 4.11 (0.31, 7.91)*
Image Interpretation
    Master -0.01 (-3.60, 3.59) 0.40 (-3.40, 4.20)
    Doctor 6.13 (-1.23, 13.49) 7.16 (-0.55, 14.86)
Application Ability
    Master 1.30 (-1.28, 3.87) 1.71 (-1.01, 4.43)
    Doctor 5.24 (-0.06, 10.54) 5.44 (-0.10, 10.98)
*: Significant difference. The reference group: bachelor’s group.

was not as well as for experienced 
sonographers [21, 22]. A study showed 
that ultrasound technique improved 
even after 200 examinations [21, 23]. 
Students need 37-109 ultrasound-guid-
ed procedures to gain competency even 
for ultrasound-guided interventions, a 
relatively easier procedure [24]. So, it is 
not possible to enable students to reach 
the level of experienced sonographers 
within two days of training.

We found the improvements in IPS and 
AAS were relatively slower, which is rea-
sonable. The number of abnormal imag-
es was limited, and the models were 
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cities. One reason may be that the number of 
trainers was smaller in remote cities. At the 
same time, as the use of critical ultrasound has 
expanded from provincial capitals to remote cit-
ies, the training experience in remote cities was 
relatively less. The results suggested that we 
should put more energy into training in remote 
areas. A unified arrangement of trainers nation-
wide will help to improve the quality of training.

There are several limitations to the study. First, 
the scores may exaggerate the training effect. 
In the training course, the models we used  
were healthy. Though they could contribute to 
increased hands-on competencies, they were 
most suitable for adapting with the ultrasound 
devices, learning differences of various prob- 
es, and improving hand-eye coordination. We 
should use different models to enable the train-
ees to identify more exceptions, because differ-
ent models could contribute to different 
aspects of the learning process [10]. Dinh et 
al., however, found it was difficult to standard-
ize patient with specific diseases and sono-
graphic patterns [25]. Meanwhile, critical ultra-
sound test differed from other ultrasound 
examinations because image interpretation 
and pathologic recognition were based on the 
patient’s hemodynamics instead of directly 

imaging diagnostics such as thickening of the 
gallbladder wall. Therefore, there is a great 
need for a standardized tool for assessing 
image acquisition and image interpretation. We 
added more image test on basic abnormalities 
to lay a solid foundation to achieve the purpose 
of reminding students to carefully analyze them 
in various circumstances. The evaluation sys-
tem upgraded to coexistence of both subjec- 
tive and objective scores. Second, our training 
system lacks long-term evaluation. As men-
tioned above, practice makes perfect. We 
ensure only a minimum level of competency 
and experience during the curriculum. Stu- 
dents need to continuously improve their skills 
and abilities in clinical practice. It is a chall- 
enge to evaluate long-term outcomes after 
training. We asked the trainees to hand in 
homework on cases they evaluated and treated 
with the help of critical ultrasound. We graded 
the assignments to assess the long-term 
effects of the course. The results will be pre-
sented in future articles. Third, we only set 
Beijing as the reference group in terms of the 
training effect, which may not be appropriate. 
Although Beijing is the birthplace of critical 
ultrasound in China, it might not be appropriate 
to set it as the only reference group. We should 
compare cities in pairs in our future work.

Table 6. Effect of different training city on score improvement (Reference city: Beijing)

City
Pulmonary IAS AAS

β and 95% CI P value β and 95% CI P value
Guiyang -11.22 (-25.52, 3.08) 0.12 -10.74 (-19.78, -1.70) 0.02
Yantai -18.20 (-33.11, -3.27) 0.02 -14.28 (-23.48, -5.07) P<0.0001
Xuzhou 3.84 (-10.14, 17.82) 0.59 -3.57 (-12.40, 5.27) 0.43
Xining 10.77 (-2.61, 24.15) 0.15 -4.90 (-13.35, 3.56) 0.26
Wuhan 10.45 (-3.65, 24.56) 0.15 -1.22 (-10.13, 7.69) 0.79
Tianjin 3.16 (-11.50, 17.82) 0.67 -1.91 (-11.26, 7.44) 0.69
Shijiazhuang 9.56 (-3.08, 22.20) 0.14 3.29 (-4.70, 11.28) 0.42
Shenzhen -11.58 (-25.92, 2.75) 0.11 -6.17 (-15.22, 2.89) 0.18
Shenyang 3.59 (-13.16, 20.34) 0.67 -1.89 (-12.48, 8.70) 0.73
Shanghai -6.29 (-19.88, 7.30) 0.36 -3.63 (-12.21, 4.96) 0.41
Nanning 10.88 (-3.39, 25.15) 0.14 1.35 (-7.73, 10.42) 0.77
Kunming 0.62 (-13.90, 15.14) 0.93 -5.11 (-14.29, 4.07) 0.27
Jinan -10.60 (-25.72, 4.52) 0.17 0.51 (-9.36, 10.38) 0.92
Guangzhou -4.86 (-17.59, 7.87) 0.45 -5.10 (-13.14, 2.94) 0.21
Fuzhou 27.16 (13.82, 40.51) P<0.0001 14.57 (6.03, 23.11) 0
Chongqing 10.18 (-3.78, 24.15) 0.15 4.10 (-4.77, 12.97) 0.36
Chengdu -11.15 (-24.03, 1.72) 0.09 -7.87 (-16.00, 0.25) 0.06
Changsha -11.77 (-23.67, 0.14) 0.06 -3.50 (-11.03, 4.03) 0.36
AAS: Application Ability Score; IAS: Image Acquisition Score.
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Conclusion

Physicians’ abilities to assess critical ill patients 
with the help of the ultrasound improved after 
the 2-day training course. Through the curricu-
lum, we proved that the method of evaluating 
hemodynamics can be mastered in a short 
time. After the training course, the students’ 
theoretical and practical abilities were greatly 
improved. Prompt feedback showed ultraso-
nography could be effectively used to help doc-
tors evaluate the patients’ hemodynamic state. 
In the following courses, we will improve evalu-
ation system and adjust the course structure to 
meet more needs.
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Supplementary Material

Introduction of CCUSG (Chinese Critical Ultrasound Study Group) and Professor Xiaoting Wang

The Chinese Critical Ultrasound Study Group (CCUSG) is the largest non-profit medical academic orga-
nization in the field of critical ultrasound in China. It has been committed to the research, training, and 
promotion of critical ultrasound. CCUSG first established the basic ultrasound training system in China, 
and then created the critical ultrasound-based intensive course, forming a comprehensive critical ultra-
sound training system including 15 course series. Since its establishment in 2013, it has successfully 
held nearly 200 critical ultrasound training courses, training more than 10,000 trainees, all over the 
provinces, municipalities and autonomous regions of the country, becoming an important force to pro-
mote the development of critical ultrasound in China. CCUSG has always been committed to promoting 
the standardized development of critical ultrasound. It has formulated China’s first “Consensus for 
Critical Ultrasound Experts” and the first “Technical Specifications for Clinical Application of Critical 
Ultrasound”. CCUSG first recognized that critical ultrasound is a sub-specialty of critical medicine and 
an important force to promote the development of critical medicine. Based on the promotion of critical 
ultrasound, it has made an important contribution to the flattening of critical levels in the region or field. 
CCUSG is the forerunner of big data for critical ultrasound in China. Starting from the establishment of 
a training database in 2016, CCUSG has built a training and examination database for more than 6,000 
students and has conducted several national multi-center studies based on the database.

Professor Xiaoting Wang, chairman of CCUSG, who is also the deputy director of Department of Critical 
Care Medicine, Peking Union Medical College Hospital, has been specialized in critical care medicine for 
20 years. Professor Xiaoting Wang and his colleagues developed the clinical and scientific research 
work of critical ultrasonography in China since 2007. He received relevant training and certification at 
Harvard Medical College in the United States In 2009. After that, he carried out relevant international 
and domestic exchanges and cooperation and participated in the compilation of international guide-
lines for the application of critical care echocardiography. It is worth mentioning that, he introduced the 
training course of WINFOCUS(World Interactive Network Focus on Critical Ultrasound) into China and 
conducted several training courses of point-of-care ultrasound, and the trained a group of backbone 
talents for the development of critical ultrasound in China. In 2013, he and his colleagues established 
CCUSG, established and improved a complete training system of critical ultrasonography according with 
China’s national conditions. He then established CCUSG working committee in 2015, led the comple-
tion of “Chinese Experts Consensus on critical ultrasonography”, and “Technical specification for clini-
cal application of critical ultrasonography”. In 2016, He and his CCUSG colleagues held the first Chinese 
Academic Conference on Critical Ultrasonography in Chengdu. After that, four annual conferences on 
Critical Ultrasonography were organized. He has published several papers on the field of critical ultra-
sound and participated in the development of international expert consensus on this field, such as the 
Multi-organ point-of-care ultrasound for COVID-19 (PoCUS4COVID).

About the CCUE protocol

The CCUE (critical care chest ultrasonic examination) protocol is a combination of eFATE and BLUE-plus 
protocols in order to avoid the shortcomings and the highlight the strengths of each individual protocol 
[1]. The eFATE protocol adds rapid ultrasonographic examination of the inferior vena cava, which allows 
for evaluation of the volume status and fluid responsiveness [2], and the BLUE-plus protocol adds the 
posterior BLUE point (the scapular line area) to increase the sensitivity and specificity in the diagnosis 
of lung consolidation and atelectasis [3]. And our research showed that, application of the CCUE proto-
col in emergent consultation for patients with respiratory and cardiovascular failures can effectively 
improve the bedside treatment, help to rapidly establish the preliminary diagnosis, and suggest treat-
ment regimens. The CCUE protocol can improve the preliminary diagnostic accuracy and significantly 
reduce the time to final diagnosis, time to X-ray/CT examinations, delay in ICU transfer and ICU stay [1]. 
The flow chart is in Figure S1.
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Figure S1. Flow chart of the critical care chest ultrasound examination for emergency consultation.
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The CCUE protocol includes five cardiac views and ten pulmonary views (Figure S2). The cardiac views 
are parasternal long axis view, parasternal short axis view, apical four chambers view, subcostal four 
chambers view and inferior vena cava view; the pulmonary views are composed of five points of each 
lung, which are upper BLUE point, lower BLUE point, phrenic point, PLAPS point and posterior point. 

Table S1. Curriculum of the 2-day critical ultrasound training program
Day 1 AM
    Test Pre course test
    Lecture Critical care ultrasound & Critical care 30 min
    Lecture Basic knowledge and technology of CCUS 30 min
    Lecture Basic knowledge of Cardiac ultrasound 30 min
    Lecture Basic knowledge of Lung ultrasound Hongmin Zhang 30 min
    Practice Imaging acquisition by hands on: cardiac views 120 min
Day 1 PM
    Lecture Assessment of the Pericardium and right ventricular function 30 min
    Lecture The CCUE Protocol 30 min
    Lecture Application of CCUS in hemodynamic therapy 30 min
    Lecture Application of CCUS in ARDS 30 min
    Practice Imaging acquisition by hands on: pulmonary views 120 min
Day 2 AM
    Lecture Interpretation of typical images 30 min
    Lecture Pitfalls and Limitations of CCUS 30 min
    Discussion Case discussion 60 min
    Practice Imaging acquisition by hands on: the CCUE protocol 120 min
Day 2 PM
    Test Post course test 120 min
    Discussion Questions and answer 60 min

About the training curriculum based on CCUE protocol

The training curriculum mentioned in our article is based on the CCUE protocol, and the purpose is to 
improve the trainees’ abilities of ultrasound image acquisition, image interpretation and clinical applica-
tion. The detail curriculum is as follows (Table S1):

Figure S2. Views of the CCUE protocol.
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About the Trainers

Since 2011, Professor Xiaoting Wang and Professor Yangong Chao, the founders of CCUSG introduced 
the training course of WINFOCUS (World Interactive Network Focus on Critical Ultrasound) into China 
and conducted several training courses of point-of-care ultrasound. Dozens of doctors from different 
hospitals of China participated in the training and passed the certification as providers, Dr Xiaoting 
Wang and Dr Yangong Chao also passed the certification as trainers (Figure S3). Later, most of these 
doctors became the first trainers of critical ultrasound in China after passing a “training the trainer” 
program. After the establishment of CCUSG, a strict system of trainer certification was set up to make 
sure all the trainers were qualified. After being selected and completing training courses and periodic 
examinations, which is about 2 years, doctors grow to become trainers.

Figure S3. Certificates of competences of Dr Xiaoting Wang and Yangong Chao.
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