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Abstract

Background: The “Stop the Bleed” (STB) campaign has achieved remarkable results since it was launched in 2016,
but there is no report on the teaching of an STB course combined with a trauma patient simulator. This study pro-
poses the “problem-, team-, and evidence-based learning” (PTEBL) teaching method combined with Caesar (a trauma
patient simulator) based on the STB course and compares its effect to that of the traditional teaching method among
outstanding doctoral candidates training in haemostasis skills.

Method: Seventy-eight outstanding doctoral candidate program students in five and eight-year programs were
selected as the research subjects and were randomly divided into a control group (traditional teaching method,
n=34) and an experimental group (PTEBL teaching method combined with Caesar, n=44). Their confidence in their
haemostasis skills and willingness to rescue injured victims were investigated before and after the course in both
groups.

Result: Students’self-confidence in their STB skills and the willingness to rescue improved after the class in both
groups. Compared with the control group, students in the experimental group were more confident in compressing
with bandages and compressing with a tourniquet after a class (compressing with bandages: control group 3.94+0.8
vs. experimental group 4.3 4+0.7, P=0.014; compressing with a tourniquet: control group 3.9+ 0.4 vs. experimental
group 4.5+0.8, P=0.001) More students in the experimental group than the control group thought that the use of
Caesar for scenario simulation could improve learning (control group 55.9% vs. experimental group 81.8%, P=0.024),
and using this mannequin led to higher teacher-student interaction (control group 85.3% vs. experimental group
97.7%, P=0.042). The overall effectiveness of the teaching was better in the experimental group than in the control
group (control group 85.3% vs. experimental group 97.7%, P=0.042). There was a significant positive correlation
between teacher-student interactions and the overall effectiveness of teaching (R = 1.000; 95% Cl, 1.000-1.000;
P<0.001).

Conclusion: The PTEBL teaching method combined with Caesar can effectively improve student mastery of STB skills
and overcome the shortcomings of traditional teaching methods, which has some promotional value in the training
of outstanding doctoral candidates in STB skills.
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Background

Unintentional injury is the leading cause of death among
people aged 1-45 years old, resulting in more than
160,000 deaths each year in the United States and show-
ing a gradually increasing trend [1]. Studies show that
nearly 60% of potentially survivable deaths are caused by
haemorrhaging, which means that controlling bleeding
in a timely and effective manner is the key to preventing
death in injury patients [2, 3]. The US military was the
first to make a breakthrough in the study of traumatic
haemostasis and has reduced battlefield mortality by
44.2% over the 16 years of war in Iraq and Afghanistan
due to its medical advancements in the field of prehos-
pital haemorrhage control [4]. A National Academies
of Sciences, Engineering, and Medicine Report recom-
mended that civilians deserved the care and improve-
ment benefits achieved through military medicine [5].
Thus, the White House launched a national public
awareness campaign, “Stop the Bleed” (STB), in Octo-
ber 2015 to educate and empower the public in bleed-
ing control [6-9]. This campaign has been proven to
achieve remarkable results [10]. Since its inception, the
movement has gained more than 15,000 instructors in
the United States and trained more than 120,000 people
across the country [11].

In China, injury is the leading cause of death and dis-
ability among the younger population, and the incidence
of road traffic-related deaths is significantly higher than
average in high- and middle-income countries [12]. How-
ever, there is no report on the teaching of STB courses
in China, and only some schools use Caesar, a mechani-
cal trauma patient who can simulate a trauma patient and
provide real-time feedback of vital signs such as heart
rate, blood pressure, and respiration, to improve students’
ability to address emergency and critical diseases [13]. At
present, most traditional haemostatic trauma training
in China is one-way skill training, which is performed
using the three steps "demonstration-exercise-exami-
nation". The traditional teaching method contributes to
improved operational proficiency. Nevertheless, it can-
not effectively improve students’ initial diagnosis, deci-
sion-making, and correct handling of bleeding due to the
complexity of clinical scenes [14]. Therefore, it is essen-
tial to introduce STB skills and proper teaching methods
that are suitable for medical education in China.

Our team put forward a new teaching method
named “problem-, team- and evidence-based learning”
(PTEBL) in 2012 [15]. This teaching method emphasizes

problem-orientation teamwork and evidence-based
decisions to maximize student engagement and encour-
age interactive learning [16, 17]. Furthermore, in 2018,
the Ministry of Education of China put forward “The
Opinions on Strengthening the Collaboration between
Medicine and Education to Implement the Outstand-
ing Doctoral Candidates Training Program 2.0, which
emphasized a teaching reform of practical skills in the
training of outstanding doctoral candidates who were
selected from normal medical training programs [18].
Therefore, based on the advantages of the STB course
and combined with the teaching experience of our
school, we adopted the PTEBL teaching method com-
bined with using Caesar to train outstanding doctoral
candidates. We proved the feasibility of this model, which
can effectively overcome the shortcomings of the tradi-
tional teaching model.

Methods

Study design

This study is a randomized controlled trial, and the hos-
pital ethics committee approved the research (ID: 2021-
S078). All the participants were randomly divided into
the experimental group and the control group (Fig. 1).
The experimental group was taught using the PTEBL
teaching method combined with the use of Caesar, and
the control group was taught using the traditional teach-
ing method. Based on the Likert scale and in reference to
prior studies [19], a questionnaire (see Additional file 1
and Additional file 2) was administered before and after
class. The students were asked about their willingness
to rescue a patient at the first scene of traumatic bleed-
ing and their confidence in the three haemostatic skills.
The theoretical and operational scores of the experimen-
tal group were tested. The above results were used as
the criteria for evaluating the effectiveness of teaching
the PTEBL teaching method combined with the use of
Caesar.

Study participants and set up

Thirty-nine students from a five-year outstanding doc-
toral candidate training program were randomly assigned
to The Second Xiangya Hospital and The Third Xiangya
Hospital at a ratio of 1:1. Since the eight year students in
clinical medicine needed to be assigned doctoral supervi-
sors for their future studies and the number of doctoral
supervisors available for allocation between The Third
Xiangya Hospital and The Second Xiangya Hospital was
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1.8:1, 39 eight year students in clinical medicine were
randomly assigned to the two hospitals at a ratio of
1.8:1. Among them, there were 34 students at The Sec-
ond Xiangya Hospital (20 five year students in the out-
standing doctoral candidates training program, 14 eight
year students in clinical medicine) and 44 students in
The Third Xiangya Hospital (19 five year students in the
outstanding doctoral candidates training program, 25
eight year students in clinical medicine). Both five-year
and eight-year classes belong to the outstanding doctoral
candidates training program. Before the experiment,
the only difference between the two classes was that the
eight-year clinical students had learned more science and
engineering foundations than the five-year clinical stu-
dents, but the medical education progress was the same.
An a priori power analysis was performed using G*power
v3.1 and showed that the sample size was sufficient to
discover potential intergroup and intragroup differences.
All participants gave written informed consent. The study
grouping and implementation were as follows:

The  experimental group (PTEBL teaching
method + students practice with Caesar): Forty-four
students were in the excellence training plan at The
Third Xiangya Hospital. For the experimental group

students, we first introduced the background of trauma
haemostasis, the core of the PTEBL teaching method,
and the use of Caesar, the trauma patient simulator,
which was recognized and operated by the students.

The control group (traditional teacher lecture + stu-
dent practice with each other) included 34 students
with excellent training plans at The Second Xiangya
Hospital. The conventional model was used for the stu-
dents in the control group, and the experimental teach-
ing reform was not implemented. A questionnaire was
given to the students to evaluate the effect of the tradi-
tional teaching.

Study protocol
For the control group, the teacher explained three STB
haemostasis techniques (compress with fingers, band-
ages, or a tourniquet), highlighting the essentials of
haemostasis techniques and giving step-by-step demon-
strations. Students then practised these skills with each
other and were corrected by the teacher one by one.

For the experimental group, the PTEBL teaching
method combined with the use of Caesar was adopted.
The implementation plan for this method was as follows:
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1. P-problem: In this part, teachers distributed course-
ware on trauma haemostasis and the relevant
authoritative guidelines to students before class. At
the beginning of the class, the students were shown
a traumatic bleeding scenario in The Good Doctor,
which showed a child who was hit by a collapsed
billboard and who had ruptured jugular vein bleed-
ing; the doctors on the scene performed emergency
haemostasis. The following questions were put for-
ward: (Q1) How do you stop the bleeding effectively?
(Q2) Can we perform cardiopulmonary resuscita-
tion directly? (Q3) Which actions were handled
well in the video and which were not done well? The
students were asked to study under the guidance of
the above questions. After the lecture, the teacher
distributed classroom tests (see Additional file 3) to
the students to test their mastery of the theoretical
knowledge of trauma haemostasis. The content of the
tests was the steps in trauma haemostasis process-
ing and basic knowledge of STB skills, with a passing
score of no less than 60 (full score was 100).

2. T-team: In this part, students were randomly divided
into several teams of 2-3 members, who roleplayed
the following roles: two doctors (roles A and B)
and one family member (role D, which is not avail-
able when the team has only two students). After the
teacher plays a video introducing Caesar and stu-
dents have practised hands-on bleeding control skills,
a scenario simulation is then performed based on the
wounds on Caesar: You and your companions (roles
A and B) witnessed a severe car accident. The injured
person (role C, Caesar) was conscious, but his pop-
liteal arteries kept spurting blood. What would you
do to rescue Caesar? Caesar can provide feedback to
inform the students of changes in vital signs and to
evaluate the haemostatic effect accurately. Two sce-
narios were simulated for each group, and each oper-
ation was timed. Student fluency and completion of
the haemostasis operation were scored to test their
mastery of STB operation skills.

3. E-evidence: In this part, the students were asked to
diverge in their thinking using materials distributed
by teachers, to consult the latest literature, and jointly
discuss the latest techniques or concepts of "trauma
haemostasis" in class.

The durations of the control and experimental group
studies were standardized, and both were 4 h. A ques-
tionnaire was conducted before and after the course (see
Additional file 1 and Additional file 2), and it addressed
student confidence in STB skills, willingness to res-
cue at the trauma scene and evaluation of the course,
etc.,, to evaluate the effect of teaching in the control
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group and the experimental group. The competencies
needed for medical students in terms of specific stand-
ards were established on the basis of the latest Interna-
tional Medical Association guidelines and other related
studies [19-25].

Statistical analysis

Statistical analysis and mapping were performed with
SPSS 26.0 (IBM Corp., Armonk, NY, USA) and Prism 9.0
(GraphPad Software, San Diego, CA, USA). A t test was
used to analyse the measurement data (mean =+ standard
deviation), a chi-square test was used to analyse the nom-
inal data, and a rank-sum test was used to analyse the
ordinal data. A P<0.05 was regarded as statistically sig-
nificant. Spearman’s correlation coefficient between the
independent variables and the results are presented as a
correlation heat map. A logistic regression analysis was
performed by asking about post-course confidence on
three STB skills and post-course willingness as the inde-
pendent variables and teaching reform, major, teacher
enthusiasm, and interaction between teacher and stu-
dents as the dependent variables. Bonferroni correction
was used for multiple testing results.

Results

Demographics

A total of 78 participants completed the study, with 34
in the control group and 44 in the experimental group.
Here, 78 pre-course and after-course questionnaires were
distributed to the subjects, with a return rate of 100%.
Through an analysis of the pre-course questionnaire,
we found that there was no significant difference in sex,
age, haemostatic experience, haemostatic confidence or
willingness to rescue between the two groups (P>0.05)
(Table 1). Among all the subjects, there were 40 males
and 38 females, with an average age of 20+ 1 years.

Willingness to rescue at the first scene of traumatic
bleeding

There was a significant increase in the number of sub-
jects who chose to perform haemostasis at the first scene
of traumatic blood loss after training (P<0.001). How-
ever, there was no significant difference between the two
groups (P=0.660) (Table 2). The difference in the willing-
ness to rescue between the five-year outstanding doctoral
candidates’ training program students and the eight-year
medical students was statistically significant (P=0.048).

Confidence in various haemostatic skills

The students’ self-confidence in compressing with
fingers, bandages, or a tourniquet after class in both
groups was statistically higher than that before the
class (P<0.001). In compressing with bandages and
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compressing with a tourniquet, the average self-confi-
dence of the students in the control group was 3.94+0.8
and 3.9 0.4, respectively, while that in the experimen-
tal group was 4.3 0.7 and 4.5 + 0.8, respectively, which
was significantly higher than that in the control group
(P=0.014 and 0.001, respectively). These data are pre-
sented in Table 3. There was no significant difference in
the students’ confidence in performing the three hae-
mostatic methods between the five-year outstanding
doctoral candidate training program students and the

Table 1 Study participants and demographics
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eight-year clinical medicine students (P=0.567, 0.877
and 0.915, respectively).

Scores and scenario simulation results for the experimental
group

All 44 students who participated in the class theory test
of this course passed the test (scores no less than 60 were
passing) with a pass rate of 100%, and the average score
was 97.1+£5.28. In the final stage of the haemostasis
operation with Caesar, all groups achieved the treatment

Variable Experimental Control group(n =34) PValue
group(n=44)
Male, n (%) 21(47.7) 19(55.9) 0475
Age (years), mean +SD 20+1 20+1 0.221
No prior training in trauma hemostasis, n (%) 43(97.7) 34(100) 0.808
Have the willingness to stop bleeding in a real-life emergency, n (%) 23(52.3) 16(47.1) 0.648
Number of students who have used compression hemostasis, n(%) 24(54.5) 20(58.8) 0.706
Number of students who have used bandaging hemostasis, n(%) 8(18.2) 5(14.7) 0.683
Number of students who have used tourniquet hemostasis, n(%) 1(2.3) 0 1
Very confident or confident in compressing with fingers, n (%) 14(31.8) 10(29.4) 0.361
Very confident or confident in compressing with bandages, n (%) 7(15.9) 6(17.6) 0912
Very confident or confident in compressing with a tourniquet, n (%) 8(18.2) 5(14.7) 0.489
SD Indicates standard deviation
Table 2 Willingness to rescue at the first scene of trauma bleeding
Variable N (%) of Participants(n=78) PValue®
Experimental group, n (%) Control group, n (%)
Pre-course Post-course PValue® Pre-course Post-course P Value?
Have the willingness to stop bleeding in a real-life emergency 23 39 <0001 16 32 <0.001 0.660
(52.3) (88.6) (47.1) (94.1)
2 Comparison between the pre-course and the post-course
* Comparison between the experimental group and the control group post-course
Table 3 Confidence in various hemostatic methods
Variable n(%) of Participants(n =78) PValue™
(Very comfortable or comfortable)
Experimental group, n(%) Control group, n(%)
Pre-course Post-course P Value® Pre-course Post-course P Value®
Compressing with fingers 1 30 <0.001 10 23 <0.001 0.545
(31.8) (68.2) (29.4) (67.6)
Compressing with bandages 7 38 <0.001 6 22 <0.001 0.014
(15.9) (86.4) (17.6) 64.7)
Compressing with a tourniquet 8 37 <0.001 5 22 <0.001 0.001
(18.2) (84.1) (14.7) (64.7)

@ Comparison between the pre-course and the post-course

+ Comparison between the experimental group and the control group post-course
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task, which made the vital signs of the trauma patient
stable. The scores and time consumption for the two sce-
nario simulations in each group are shown in Table 4.
The score for the second scenario simulation was signifi-
cantly improved compared with the first one (P<0.001).
Similarly, the time consumption in the second scenario
simulation was significantly less than that of the first one
(P=0.001).

Students’ approval of improvements in various abilities
After attending the course, 81.8% (36/44) of students in
the experimental group noted that the scenario simula-
tion improved their traumatic haemostasis learning,
while in the control group, only 55.9% (19/34) of stu-
dents agreed that the operation improved their traumatic
haemostasis learning, and the difference was statisti-
cally significant (P=0.024). In terms of teamwork skills,
clinical thinking and problem analysis, more than 80%
of the students in both groups agreed that their abilities
had improved, and there was no significant difference
between the two groups (P=0.228, 0.140, and 0.242,
respectively). The degrees of student improvement in
various abilities are shown in Fig. 2.

Evaluation of teaching effectiveness

All the participants were satisfied or very satisfied with
the teachers’ enthusiasm, the interaction between teach-
ers and students, and the overall effectiveness of the

Table 4 scenario simulation results of experimental group
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teaching. A total of 93.2% (41/44) and 85.3% (29/34) of
the students in the experimental group and the control
group, respectively, were very satisfied with the teacher’s
enthusiasm for teaching, and there was no significant dif-
ference between the two groups (P=0.258). A total of
97.7% (43/44) and 85.3% (29/34) of the students in the
experimental group and the control group, respectively,
were very satisfied with the interaction between teachers
and students, and the difference was statistically signifi-
cant (P=0.042). After the course training, 97.7% (43/44)
of the students in the experimental group were very satis-
fied with the overall effectiveness of the teaching, while
only 85.3% (29/34) of the students in the control group
were very satisfied with the overall effectiveness of the
teaching, which was statistically lower than that in the
experimental group (P=0.042). The proportions of stu-
dents who were very satisfied with various variables are
shown in Fig. 3.

Correlation heatmap of relevant independent variables

A Spearman correlation analysis was used to analyse the
correlation of independent variables. Through the anal-
ysis, we found that there was a significant correlation
between the students’ confidence in their knowledge of
the three haemostatic methods pre-course, between the
students’ confidence in their knowledge of the three hae-
mostatic methods post-course, between their improve-
ment in the four abilities, and between their satisfaction
with the three variables of teaching effectiveness (|r|> 0.6,
P<0.0002). Among the groups, 7 groups of variables
were highly correlated (|r|>0.8, P<0.0002). The highest
positive correlation was between the overall effective-

Variable The first The second PValue ; ) )
scenario scenario ness of the teaching and interaction between teachers
simulation simulation and students (R=1.000; 95% CI, 1.000-1.000; P <0.0002).
Average score (points) 917426 957426 <0001  Then, the second hlgl‘les‘t positive correlation was
Average time (seconds) 2554494 20434372 0001  between problem analysis improvement and teamwork
6=
P=0.228 P=0.140 P=0.242 P=0.024 )
[ Experimental group
E [ Control group
)
1=
2
=
5]
S
)
g 2-
St
oY)
3
a
0 T T T T
Teamwork skills Clinical thinking Problem analysis learning effect
improved improved improved improved
Fig. 2 Students'approval of improvements in various abilities
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skills improvement (R=0.886; 95% CI, 0.753-0.956;
P<0.0002). The results are shown in Fig. 4.

Regression analysis of post-course confidence

and willingness to rescue

As shown in Table 5, we found that the regression rela-
tionship between teaching reform and confidence in
compressing with a tourniquet post-course was sta-
tistically significant (p=1.229, 95% CI, 0.327-2.131,
P=0.008), and the use of the PTEBL teaching method
combined with Caesar was a positive factor for increasing
confidence in compressing with a tourniquet post-course.

Discussion

Injury is the leading cause of death among young adults.
The key element in the death of injury patients is failure
to control bleeding in a timely and effective manner. For
this reason, many projects, such as the STB campaign,
the Hartford Consensus, and the Federal Emergency
Management Agency’s "You are the Help until Help
arrives", are calling for the strengthening of trauma hae-
mostasis education for the general public [6, 8, 9, 26].
The STB campaign has been implemented for six years
and has achieved remarkable results. Research by AlSa-
bah et al. shows that nearly 90% of participants said that
the STB campaign contributed to promoting health and
improving personal safety awareness [27]. Schroll et al.
[28] pointed out that the traumatic haemostasis course
is important for teaching medical students. Research
by Sarah Beth Dinwiddie et al. [29] also showed that
STB training is effective at improving students’ knowl-
edge and confidence. However, the traditional teaching
method of one-way skill training is still used in China at
present. This approach is taught only through teachers’

explanations and students’ personal operations and can-
not be effectively integrated with clinical practice. For
the education of outstanding doctoral candidates, more
attention should be given to students’ innovation, explo-
ration, and cooperation abilities. Research by Faisal
et al. [30] shows that problem-based learning is more
helpful in training medical students than traditional
lecture-based learning. Burgess et al. [31] introduced
team-based learning on the basis of problem learning,
and Chakraborti et al. [32] introduced evidence-based
learning on the basis of team learning, both of which
have been shown to achieve beneficial results in medical
education. Based on the above reasons, we hope to intro-
duce STB courses suitable for the training of outstanding
doctoral candidates to make up for the shortcomings of
traditional teaching methods. However, the traditional
STB course also has drawbacks during the implementa-
tion process. The research of Villegas et al. [33] shows
that people reported overwhelmingly that the model is
not authentic enough. If the training is more realistic, it
will be more effective. Zwislewski et al. [34] also empha-
sized the importance of hands-on training in STB skill
learning. Therefore, we adopted the PTEBL teaching
method combined with Caesar, the trauma patient simu-
lator, for the STB skills training of outstanding doctoral
candidates.

In this study, all the students in the experimen-
tal group passed the theoretical test and the scenario
simulation test. They also significantly improved their
confidence in the three basic skills of the STB course
and their willingness to rescue at the first scene of
traumatic bleeding. This finding shows that this teach-
ing method can effectively teach STB skills and help
students master and implement them. In the scenario



Chen et al. BMC Medical Education (2022) 22:281 Page 8 of 11
Age— 0.174 10
Teaching reform—-0.081 -0.289
Major
—0.000 0.128 -0.155
(5 years, 8 years)
s
h tasis training—-0.014 -0.057 0.028 -0.064
. Compress with fingers—-0.081 -0.071 -0.043 0.155 0.231
Prior
experience )
Compress with bandages— 0.092 0.133 0.046 -0.172 0.166 0.046 L 4o
'— Compress with a tourniquet— 0.111 0.114 0.100 -0.114 0224 0.100 0.255
Willingness to rescue
s —0.050 0.180 0.097 0231 0262 0.149 0.080 0.108
(pre-course)
05
Compress with fingers— 0.028 -0.015 0.104 0.039 0339 0389 0292 0.129 0.176
Confidence .
Compress with bandages—-0.035 0.046 -0.013 0.092 0.069 0.029 0241 -0.139 0.098
pre-course
“—Compress with a tourniquet—-0.081 0.035 0.079 0.030 0.034 -0.020 0.157 0.163 0.055 m
Wilingness to rescue
g —-0.216 -0.068 -0.095 0.224 0.160 0.086 0.020 0.036 0.151 0.099 0.127 0.099
(post-course)
Compress with fingers—-0.031 -0.042 -0.004 -0.065 0.026 -0.014 0.136 -0.131 0.165 0.097 0.101 -0.001 0.274
Confidence )
Compress with bandages—-0.052 -0.141 0204 -0.018 0.075 -0.027 0.162 -0.008 0.179 0.150 0.147 0.127 0265
post-course
“—Compress with a tourniquet— 0.060 -0.116 0299 -0.012 0.052 0.118 0.086 0.121 0233 0233 0.089 0.105 0.289
Clinical thinkin >
. 80151 0009 0137 0010 0,019 0.099 0059 -0.121 0050 0.057 0.007 0.045 0108 0406 0395 0357
improved
Teamwork skills *
. —-0.100 0.117 0.168 0.078 0.045 -0.099 0.034 0.099 0.189 0.017 0.063 0.095 0.152 0.394 0407 0.420
improved
Problem analysis * * *
. YSI5_1 0069 0003 0.133 0,069 -0.017 0.092 0068 0.106 0.117 0022 0050 0.094 0.140 043§ 0448 0471
improved
Learning effect 5
. —-0.191 -0.005 0.257 0.051 0.021 0.014 -0.084 0.073 0.121 0.054 -0.056 0.045 0.161 0329 0.394 0.442
improved
Teacher's *
. —-0.245 -0.029 0.129 0.000 0.113 0.044 -0.076 0.039 0.102 0.068 0.028 0.094 0.190 0.175 0232 0256 0378 0288 0.304 0468
enthusiasm
Interaction between
—-0.185 -0.113 0.231 -0.096 0.120 0.037 -0.129 0.033 0.015 0.007 -0.086 -0.004 0.078 0.151 0.197 0.174 0292 0204 0.176 0.363
teacher and students
Overall effectiveness
. —-0.185 -0.113 0.231 -0.096 0.120 0.037 -0.129 0.033 0.015 0.007 -0.086 -0.004 0.078 0.151 0.197 0.174 0292 0204 0.176 0.363
of the teaching
T T T T T T T ‘\_’ T T T L T T T L T T T ‘-f
@ B » @ W o~ w @ W o~ w @ 1] 1] »
: $ EEZT £ 5 § 2:5% G 6 T ir 6 TE S£%% ERoEist
©n < S T3 E & o= = 2= o = = 2= & & T Eo B3 2o 235200
S S = = = = £32 = = = 82 = = = TwESETE LS
e =% & T E £ & T E &3 & T E ECLEE2LESEZES
© & 5] 5 oF% = 5 of = 5 £ 5% & 5 = == 2%
¥ 2 § 2 22 g 2 2 EE4 g5 2 ZZSSECZEESEZRZ
= £ = @ = » = = -~ 2 s "~ = =
£ $ % 2 £ 25§88 £ 5 t8: £ 5 ZEE 2E:% -
E >3 ¢ 2 £ 8% § 2 sz & § 2 gE735 £73 23
w » R = w o— = 3 o— IS i
E L& 52 %8 B E 5 %8 BE£ 5 8 2O F & S
= E & 2% E i g2z E & 3 R
S E £ § F & S £ £ ==
© =] =3 © =) = © =) =
o] £ @] -] O £
=3 = =
O S} )
Prior Confidence Confidence
expenence pre-course post-course

Fig.4 Correlation heatmap of relevant independent variables. *: < 0.0002 level of significance after Bonferroni correction of 253 x test

simulation test, the second scenario simulation takes
less time than the first scenario simulation, and the
average performance was improved. This observation
shows that two training sessions are more effective than
single training sessions, which can improve the speed
and quality of trauma haemostasis operations, thereby
reducing the amount of bleeding by patients and help-
ing to improve the treatment success rate. This result
affirms the training effect of teamwork and scenario

simulation on students’ mastery and proficiency in STB
skills. In our research, we found that although using
traditional teaching methods could improve students’
confidence in various haemostasis skills, students’ con-
fidence was still low after the class. This feature is more
prominent when they were compressing with band-
ages and compressing with a tourniquet technique,
which may be related to the fact that traditional one-
way skill training does not allow students to use these
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Table 5 Regression analysis of post-course confidence and willingness to rescue

Compress with fingers
(Confidence post-course)

Compress with bandages
(Confidence post-course)

Compress with a tourniquet Willingness to rescue
(Confidence post-course) (post-course)

B (95% Cl) P value B (95% Cl) P value B (95% Cl) P value B (95% Cl) Pvalue
Teaching reform -0.113 0.796 0.740 0.103 1.229 0.008 0.499 0.606
(-0.975,0.748) (-0.150, 1.631) (0.327,2.131) (-2.397,1.399)
Major 0.258 0.547 0.039 0.928 0.073 0.867 1.835 0.112
(5 years, 8 years) (-0.581, 1.098) (-0.814, 0.893) (-0.787,0.934) (-4.075,0.429)
Teacher's enthusiasm 1.010 0.464 1.709 0217 2.807 0.041 1.811 0.235
(-1.691,3.712) (-1.005,4.422) (0.117,5.497) (-4.828,1.180)
Interaction between 0.143 0.929 -0421 0.792 -1.961 0211 -0.306 0.877
teacher and students (-3.000, 3.258) (-3.555,2.713) (-1.111,5.032) (-3.576,4.183)

" P<0.0125 level of significance after Bonferroni correction of 4 x test

two more difficult operations flexibly. The experimen-
tal group’s confidence in compressing with bandages
and compressing with a tourniquet technique after the
class was significantly higher than that of the control
group. In addition, the regression analysis results also
show that the new teaching method has a positive effect
on improving students’ confidence in compressing
with a tourniquet after class, which indicates that the
PTEBL teaching method can effectively improve stu-
dents’ mastery of haemostasis skills and can also make
up for the shortcomings of traditional teaching meth-
ods. This finding is closely related to the superiority of
STB courses. The research of Ali et al. has shown that
the STB course can promote the correct placement of
tourniquets and increase comfort levels in 75% of stu-
dents [35], which is consistent with the results of our
research. In addition, we found that there was a sig-
nificant difference in willingness to rescue the injured
post-course between five-year and eight-year clini-
cal students, indicating that this method may be more
helpful at improving the willingness to rescue trau-
matic bleeding patients at the first scene by students of
the eight year program in clinical medicine. However,
since the regression analysis did not find a regression
relationship between the major (five-year program and
eight-year program) and willingness to rescue post-
course, this result requires further experimental veri-
fication. In addition, in the after-school questionnaire,
we found that compared with the traditional teaching
method for students’ autonomous operation, students
responded that the use of Caesar for scenario simula-
tion could improve the effectiveness of learning, which
is consistent with the results of Villegas’s research [33].
We believe that the use of Caesar for more realistic
scenario simulations is also one of the reasons for the
experimental group’s higher confidence in compress-
ing with bandages and compressing with a tourniquet
technique. Based on this result, we speculate that the

use of Caesar alone can also have a better impact on
improving the teaching effect of the traditional teach-
ing method, but this conclusion must be supported by
further experiments.

The heat map shows that the degree of interaction
between teachers and students is highly correlated with
the overall effectiveness of the teaching. The data here
are rather unique. We found that all students gave the
same rating to the overall teaching effect and the teacher-
student interaction, indicating that students’ mastery of
skills largely depends on teacher-student interaction.
However, since this heat map used a large number of cor-
relations, which may lead to a high false-positive rate,
this analysis should only be used for hypothesis genera-
tion. Burgess et al. [36] showed that team-based learn-
ing could improve student participation in the course.
The PTEBL teaching method uses teamwork as the core
and increases the communication between students and
teachers. As shown in Fig. 3, when the teachers’ enthu-
siasm does not show a significant difference, the PTEBL
teaching method combined with Caesar can effectively
improve the interaction between teachers and students,
thereby further improving the overall effectiveness of the
teaching.

In summary, the PTEBL teaching method combined
with Caesar has achieved remarkable results. However,
both the traditional method and the PTEBL method can
improve student confidence in haemostatic skills and the
willingness to rescue. The PTEBL method improves some
of the students’ trauma haemostatic skills to a greater
extent and can create a better teaching atmosphere and
achieve better effectiveness in teaching STB skills, which
is consistent with our expected results.

However, this study and the course still have some limi-
tations. For example, the random assignment was not
strict, and the sample size was not large enough, which
may have some impact on the reliability of the results.
The results obtained in the form of a questionnaire are
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not comprehensive enough to allow for a comparative
self-assessment with an evaluation of the learning gain.
In addition, the teaching mode of using Caesar alone in
traditional teaching methods was not performed, so the
influence of using Caesar alone on the teaching effect
cannot be accurately evaluated. The cost of Caesar, the
trauma patient, is relatively high and difficult to obtain,
which imposes some restrictions on the implementa-
tion of teaching. In addition, many studies have shown
that although the STB course can effectively improve
students’ trauma haemostatic skills, the retention of
these skills was poor [7, 37, 38]. Therefore, increasing the
retention of skills is extremely important for improving
the mastery rate of trauma haemostasis skills. In addition,
research by Dhillon et al. [39] showed that although STB
courses can achieve decent results, the general public’s
acquisition rate of necessary equipment for these skills is
low. The cost, time and accessibility of items during an
event are still the most common obstacles. Therefore, to
improve the general public’s willingness to treat bleeding
patients, we must not only strengthen trauma haemosta-
sis education but also make it so that people can easily
obtain the required materials for a traumatic bleeding
situation. Therefore, the teaching reform of STB skills can
be further explored.

Conclusion

This study evaluates the effectiveness of using the PTEBL
teaching method combined with Caesar, the trauma
patient simulator, and the traditional teaching method
on the training of outstanding doctoral candidates for
the first time. In this study, the PTEBL teaching method
combined with Caesar can effectively improve students’
mastery of traumatic haemostasis skills and can simulta-
neously make up for the shortcomings in the traditional
teaching method, which has promotional significance in
STB skills training for outstanding doctoral candidates.

Abbreviations
STB: Stop The Bleed; PTEBL: Problem-, team-, and evidence-based learning; SD:
Standard Deviation.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/512909-022-03360-4.

Additional file 1.
Additional file 2.
Additional file 3.

Acknowledgements
The authors appreciate Prof. Ming Hu from the XiangYa School of Public
Health of Central South University discussing the statistics.

Page 10 of 11

Authors’ contributions

JH, SJCand SW were responsible for the design of this study and performed
the experiments. JH and CG carried out the study and collected important
background information. SYC analyzed/interpreted the results and wrote

the manuscript. JL provided assistance for data acquisition, data analysis and
statistical analysis. JH and MD were responsible for the review and revision of
the manuscript. XT provided the experimental site and materials. All authors
have read, revised and approved the manuscript.

Funding

The Education Reform Foundation of Hunan Province (HNJG-2021-0322) and
Central South University (No. 2021JY188), National Natural Science Foundation
of China (No. 81802208), and Natural Science Foundation of Hunan Province
(No. 2021JJ40922) fund this study.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The ethics committee of third Xiangya Hospital approved this study (ID: 2021-
S078). Students were voluntary to enroll in the research. All participants gave
written informed consent. The experimental protocol was established accord-
ing to the ethical guidelines of the Declaration of Helsinki.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of Orthopaedic Surgery, The Third Xiangya Hospital of Central
South University, Changsha 410013, China. >Xiangya School of Medicine,
Central South University, Changsha 410013, China. *Department of Mechani-
cal and Material Science Engineering, University of Pittsburgh, Pittsburgh, PA
15213, USA. “Department of Transplantation, The Second Xiangya Hospital
of Central South University, Changsha 410013, China. >Clinical Skills Training
Center, The Third Xiangya Hospital of Central South University, Chang-

sha 410013, China.

Received: 4 November 2021 Accepted: 6 April 2022
Published online: 14 April 2022

References

1. Centers for Disease Control and Prevention. Web-based Injury Statistics
Query and Reporting System. https://www.cdc.gov/injury/wisgars/.
Accessed 18 Sept 2021.

2. Davis JS, Satahoo SS, Butler FK, Dermer H, Naranjo D, Julien K, et al. An
analysis of prehospital deaths: who can we save? J Trauma Acute Care
Surg. 2014;77(2):213-8.

3. Goralnick E, Ezeibe C, Chaudhary MA, McCarty J, Herrera-Escobar JP,
Andriotti T, et al. Defining a research agenda for layperson prehospi-
tal hemorrhage control: a consensus statement. JAMA Netw Open.
2020;3(7):209393.

4. Howard JT, Kotwal RS, Stern CA, Janak JC, Mazuchowski EL, Butler FK,
et al. Use of combat casualty care data to assess the US military trauma
system during the Afghanistan and Iraq conflicts, 2001-2017. JAMA Surg.
2019;154(7):600-8.

5. Berwick DM, Downey AS, Cornett EA. a national trauma care system to
achieve zero preventable deaths after injury: recommendations from a
national academies of sciences, engineering, and medicine report. JAMA.
2016;316(9):927-8.

6. American College of Surgeons Committee on Trauma. Stop The Bleed.
http://www.bleedingcontrol.org/about-bc. Accessed 18 Sept 2021.


https://doi.org/10.1186/s12909-022-03360-4
https://doi.org/10.1186/s12909-022-03360-4
https://www.cdc.gov/injury/wisqars/
http://www.bleedingcontrol.org/about-bc

Chen et al. BMC Medical Education

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

(2022) 22:281

Goralnick E, Chaudhary MA, McCarty JC, Caterson EJ, Goldberg SA,
Herrera-Escobar JP, et al. Effectiveness of instructional interventions for
hemorrhage control readiness for laypersons in the Public Access and
Tourniquet Training Study (PATTS): a randomized clinical trial. JAMA Surg.
2018;153(9):791-9.

Jacobs LM. The Hartford consensus IV: a call for increased national resil-
ience. Bull Am Coll Surg. 2016;101(3):17-24.

Quail MT. What's the stop the bleed campaign? Nursing.
2017,47(12):15-6.

Fisher AD, Bulger EM, Gestring ML. Stop the bleeding: educating the
public. JAMA. 2018;320(6):589-90.

. Elkbuli A, Dowd B, Casin A, Stotsenburg M, Zitek T, McKenney M,

et al. Stop the bleed training outreach initiatives targeting high

school students: It takes a community to save a life. Am J Emerg Med.
2019;37(10):1985-7.

Chen N, Zhang C, Hu S. Strengthening trauma care in China. Bmj.
2017,359;5545.

Zhang YFY, Tian L, et al. Application effect of new “Warrior” manikin in the
wound-rescuing teaching and learning course. China Medical Herald.
2018;,015(028):45-8.

Costa ML, van Rensburg L, Rushton N. Does teaching style matter? a
randomised trial of group discussion versus lectures in orthopaedic
undergraduate teaching. Med Educ. 2007;41(2):214-7.

He J,Tang Q, Dai R, Li Z, Jiang Y. Problem-, team- and evidence-based
learning. Med Educ. 2012;46(11):1102-3.

Chuan W, Jie X, Cheng W, Xiao-Chuan W, Ding-An M, Sheng C. SimBaby
plus standardized patient teaching model in the teaching of cases of
acute and severe bronchopneumonia in infancy. Pediatr Emerg Care.
2017;33(9):630-4.

Lexén A, Hultqvist J, Amnér G. Occupational therapy student experiences
of a university mental health course based on an integrated applica-
tion of problem-based and team-based learning. Scand J Occup Ther.
2018;25(1):70-7.

Ministry of Education of the People’s Republic of China, National Health
Commission of the People’s Republic of China. The Opinions on Strength-
ening the Collaboration between Medicine and Education to Implement
the Excellent Doctor Training Program 2.0. Bulletin of the Ministry of
Education of the People’s Republic of China. 2018(10):16-9.

Gowen JT, Sexton KW, Thrush C, Privratsky A, Beck WC, Taylor JR, et al.
Hemorrhage-control training in medical education. J Med Educ Curric
Dev. 2020;7:2382120520973214.

Bulger EM, Snyder D, Schoelles K, Gotschall C, Dawson D, Lang E, et al. An
evidence-based prehospital guideline for external hemorrhage control:
American college of surgeons committee on trauma. Prehosp Emerg
Care. 2014;18(2):163-73.

Spahn DR, Bouillon B, Cerny V, Duranteau J, Filipescu D, Hunt BJ, et al. The
European guideline on management of major bleeding and coagulopa-
thy following trauma fifth edition. Crit Care. 2019;23(1):98.

Strauss-Riggs K, Kirsch TD, Prytz E, Hunt RC, Jonson CO, Krohmer J, et al.
Recommended process outcome measures for stop the bleed education
programs. AEM Educ Train. 2021;5(1):139-42.

Gupta A, Villegas CV, Rosenberg J, Winchell RJ, Barie PS, Narayan M.
Advancing the education of stop the bleed: development of a perfused
synthetic cadaver model. J Surg Res. 2019;244:516-20.

Lei R, Swartz MD, Harvin JA, Cotton BA, Holcomb JB, Wade CE, et al. Stop
the bleed training empowers learners to act to prevent unnecessary
hemorrhagic death. Am J Surg. 2019;217(2):368-72.

Pellegrino JL, Charlton N, Goolsby C."Stop the Bleed” Education
Assessment Tool (SBEAT): development and validation. Cureus.
2020;12(9):e10567.

Federal Emergency Management Agency. You are the help until help
arrives. https://community.fema.gov/until-help-arrives. Accessed 18 Sept
2021.

AlSabah S, Al Haddad E, AlSaleh F. Stop the bleed campaign: a qualitative
study from our experience from the middle east. Ann Med Surg (Lond).
2018,;36:67-70.

Schroll R, Smith A, Zeoli T, Hoof M, Greiffenstein P, Moore M, et al. Efficacy
of medical students as stop the bleed participants and instructors. J Surg
Educ. 2019;76(4):975-81.

Dinwiddie SB, Bath JL, Harvey EM, Trevilian T, Lollar D. Resiliency of stop
the bleed: how effective is training? J Am Coll Surg. 2019;229(4):e30.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

Page 11 of 11

Faisal R, Bahadur S, Shinwari L. Problem-based learning in comparison
with lecture-based learning among medical students. J Pak Med Assoc.
2016;66(6):650-3.

Burgess A, Roberts C, Ayton T, Mellis C. Implementation of modified
team-based learning within a problem based learning medical curricu-
lum: a focus group study. BMC Med Educ. 2018;18(1):74.

Chakraborti C. Teaching evidence-based medicine using team-based
learning in journal clubs. Med Educ. 2011;45(5):516-7.

Villegas CV, Gupta A, Liu S, Curren J, Rosenberg J, Barie PS, et al. Stop
the bleed: effective training in need of improvement. J Surg Res.
2020;255:627-31.

Zwislewski A, Nanassy AD, Meyer LK, Scantling D, Jankowski MA, Blinstrub
G, et al. Practice makes perfect: the impact of stop the bleed training
on hemorrhage control knowledge, wound packing, and tourniquet
application in the workplace. Injury. 2019;50(4):864-8.

Ali F, Petrone P, Berghorn E, Jax J, Brathwaite CEM, Brand D, et al. Teach-
ing how to stop the bleed: does it work? a prospective evaluation of
tourniquet application in law enforcement officers and private security
personnel. Eur J Trauma Emerg Surg. 2021;47(1):79-83.

Burgess A, Bleasel J, Haqg |, Roberts C, Garsia R, Robertson T, et al. Team-
based learning (TBL) in the medical curriculum: better than PBL? BMC
Med Educ. 2017;17(1):243.

Pasley AM, Parker BM, Levy MJ, Christiani A, Dubose J, Brenner ML,

et al. Stop the bleed: does the training work one month out? Am Surg.
2018;84(10):1635-8.

Jafri FN, Dadario NB, Kumar A, Silverstein SR, Quintero F, Larsen EA, et al.
The addition of high-technology into the stop the bleed program among
school personnel improves short-term skill application. Not Long-Term
Retention Simul Healthc. 2021;16(6):e159-67.

Dhillon NK, Dodd BA, Hotz H, Patel KA, Linaval NT, Margulies DR, et al.
What happens after a stop the bleed class? the contrast between theory
and practice. J Surg Educ. 2019;76(2):446-52.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://community.fema.gov/until-help-arrives

	Comparison of two teaching methods for stopping the bleed: a randomized controlled trial
	Abstract 
	Background: 
	Method: 
	Result: 
	Conclusion: 

	Background
	Methods
	Study design
	Study participants and set up
	Study protocol
	Statistical analysis

	Results
	Demographics
	Willingness to rescue at the first scene of traumatic bleeding
	Confidence in various haemostatic skills
	Scores and scenario simulation results for the experimental group
	Students’ approval of improvements in various abilities
	Evaluation of teaching effectiveness
	Correlation heatmap of relevant independent variables
	Regression analysis of post-course confidence and willingness to rescue

	Discussion
	Conclusion
	Acknowledgements
	References


