
R E S E A R C H Open Access

© The Author(s) 2024. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, 
sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the original author(s) and 
the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included 
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a copy of this licence, visit http://creativecommons.org/licenses/by/4.0/. The 
Creative Commons Public Domain Dedication waiver (http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available 
in this article, unless otherwise stated in a credit line to the data.

Müller-Wirtz et al. BMC Medical Education          (2024) 24:360 
https://doi.org/10.1186/s12909-024-05331-3

BMC Medical Education

†Lukas M. Müller-Wirtz and William M. Patterson contributed equally 
to this work.

*Correspondence:
Lukas Martin Müller-Wirtz
muellel2@ccf.org

Full list of author information is available at the end of the article

Abstract
Background Point-of-care ultrasound (POCUS) is a critical diagnostic tool in various medical settings, yet its 
instruction in medical education is inconsistent. The Rapid Ultrasound for Shock and Hypotension (RUSH) protocol is 
a comprehensive diagnostic tool, but its complexity poses challenges for teaching and learning. This study evaluates 
the effectiveness of a single-day training in RUSH for medical students by assessing their performance in clinical 
scenarios.

Methods In this prospective single-center observational proof-of-concept study, 16 medical students from Saarland 
University Medical Center underwent a single-day training in RUSH, followed by evaluations in clinical settings and on 
a high-fidelity simulator. Performance was assessed using a standardized scoring tool and time to complete the RUSH 
exam. Knowledge gain was measured with pre- and post-training written exams, and diagnostic performance was 
evaluated with an objective structured clinical examination (OSCE).

Results Students demonstrated high performance in RUSH exam views across patients (median performance: 
85–87%) and improved scanning times, although not statistically significant. They performed better on simulators 
than on live patients. Written exam scores significantly improved post-training, suggesting a gain in theoretical 
knowledge. However, more than a third of students could not complete the RUSH exam within five minutes on live 
patients.

Conclusions Single-day RUSH training improved medical students’ theoretical knowledge and simulator 
performance but translating these skills to clinical settings proved challenging. The findings suggest that while 
short-term training can be beneficial, it may not suffice for clinical proficiency. This study underscores the need for 
structured and possibly longitudinal training programs to ensure skill retention and clinical applicability.
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Introduction
Since its introduction to the clinical armamentarium in 
the early 2000s, point-of-care ultrasound (POCUS) has 
matured into an essential diagnostic tool in perioperative, 
emergency, and intensive care settings [1–4]. Despite its 
broad clinical applicability, formal ultrasound instruction 
in medical education has been scarce and highly vari-
able [5–8]. For example, only half of US medical schools 
have implemented POCUS training in their curricula [9]. 
Therefore, structured training in POCUS across medical 
education is needed.

POCUS is a quick, non-invasive, bedside exam that 
is useful in the rapid assessment of critically ill patients 
[10, 11]. Several algorithms were developed to standard-
ize ultrasound examinations and to create a common 
language to communicate diagnostic signs. One such 
example is the Focused Assessment with Sonography for 
Trauma (FAST) exam, used to evaluate pericardial, intra-
peritoneal, and pleural spaces for free fluid [12].

While FAST is easy to perform, it lacks the ability to 
diagnose several non-traumatic causes of hemodynamic 
instability that do not necessarily result in free fluid in 
the peritoneal cavity. Rapid Ultrasound for Shock and 
Hypotension (RUSH) is a separate diagnostic algorithm 
that includes additional sonographic views to assess a 
greater number of clinically relevant causes for hemody-
namic instability than FAST [13, 14]. RUSH has demon-
strated good diagnostic accuracy [15], but is associated 
with lower teaching success than FAST, most likely due 
to its increased complexity (9–11 views versus 4–5) [16]. 
Therefore, there is further need to assess the learning 
outcomes of teaching RUSH in medical students.

Ultrasound teaching courses often use simulation; 
however, in practice patients are often more difficult to 
scan with common conditions, such as obesity, impeding 
scanning performance [17]. Therefore, the evaluation of 
learning outcomes should assess scanning performance 
on real patients in a clinical setting.

This prospective observational study assessed the util-
ity of a single-day training in RUSH with a focus on real-
world scanning performance. We evaluated performance 
via both a novel performance score for RUSH and by 
measuring the time needed to perform the examination. 
Secondarily, we evaluated students’ gain in knowledge 
after course participation as well as their diagnostic per-
formance with an objective structured clinical examina-
tion (OSCE) using an ultrasound simulator.

Methods
This study was approved by the responsible ethics com-
mittee (approval date: 24th January 2022, reference 
number: 03/22, Ethikkommission der Ärztekammer des 
Saarlandes, Saarbrücken, Germany). Written informed 
consent was obtained from each study subject. Our 
report adheres to the STROBE criteria and the study pro-
tocol is provided in supplementary file 1.

Study design
This was a prospective single-center observational 
proof-of-concept study to evaluate the clinical perfor-
mance of medical students and teaching outcomes after 
a single-day training in ultrasound for medical emergen-
cies according to the RUSH protocol (Fig. 1). Ultrasound 
instruction and subsequent evaluation lasted three days 
and was conducted with 16 medical students at the Saa-
rland University Medical Center, Saarbrücken, Germany. 
All medical students were eligible to participate in this 
study, except for students with extensive prior ultrasound 
experience. The final course structure was optimized 
based on the feedback obtained during a preceding con-
densed course performed with 11 final-year medical stu-
dents of our department. The condensed course included 
all educational parts within one day but did not include 
practical and theoretical exams.

Course structure
The overall course structure is visualized in Fig.  1. Par-
ticipants received a pre-reading at least one week prior to 
the course providing a detailed description of the RUSH 
exam [14]. The team of academic tutors was composed 
of one anesthesiology resident and three board-certified 
anesthesiologists, all of whom had extensive training and 
clinical experience in perioperative and intensive care 
ultrasound diagnostics. At the beginning of the course, 
entry knowledge was assessed by a written exam (Supple-
mentary File 2).

The first day of training included 4 h of theoretical lec-
tures and practical demonstrations of the RUSH exam in 
the morning. This was followed by 4 h of practical scan-
ning exercises. For the practical exercises, participants 
were divided in 4 groups with 4 students each to perform 
the RUSH exam for 3 h amongst each other and 1 h on a 
high-fidelity ultrasound simulator (Simbionix Ultrasound 
Mentor, Surgical Science, Göteborg, Sweden). Every par-
ticipant was scanned at least three times by every group 
member, resulting in at least 9 scans performed by each 
participant on another participant. The groups rotated 
every hour to a new tutor with a break of 10 min between 
rotations. All groups spent 1  h scanning the ultrasound 
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simulation model. At least 2 scans were performed on 
the simulator; first with normal anatomy and second with 
a simulated pathology. Every participant had to com-
plete at least one of the preinstalled simulated training 
scenarios for the detection of typical pathologies with 
the RUSH exam (e.g., pulmonary effusion, cardiac tam-
ponade, abdominal bleeding). All scans were performed 
unblinded to the group with each participant contribut-
ing to an open problem-based learning discussion when 
difficulties with displaying the required ultrasound views 
originated. Tutors provided oral as well as hands-on feed-
back to guide the participants. All participants were able 
to perform the RUSH exam on healthy subjects within 
5 min at the end of course day 1.

On the second day, a short recapitulation of the RUSH 
exam (about 10 min) preceded the evaluation of practical 
scanning performance in clinical scenarios. Participants 
performed the RUSH exam on patients in the inten-
sive care unit (ICU) or postoperative recovery room. 
Patients with extensive coverage of the scanning areas 
with a surgical dressing or those that declined partici-
pation were excluded and no patient-specific data were 
collected. Participants were encouraged to perform 3 
RUSH exams each on a different patient within 5 min. A 
maximum scanning time of 10 min was granted per scan 
and performance was rated based on standardized crite-
ria (Supplementary File 3 and 4). After completion of the 
scan or after reaching the maximum scanning time, oral 
and hands-on feedback was provided to improve those 

Fig. 1 Flow chart of the educational course structure. After one day of instruction, students were assessed in a variety of simulated and clinical environ-
ments over the following two course days
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ultrasound views that the participant found challenging. 
No feedback or advice was provided during the first scan-
ning attempt on each patient.

On the third day, the practical performance of the 
participants was evaluated by an objective structured 
clinical examination (OSCE) on an ultrasound simulator 
(Supplementary File 5). Exit theoretical knowledge was 
evaluated through a repetition of the written entry exam 
(Supplementary File 2).

Outcomes
Participants’ (1) scanning performance score and (2) time 
needed to complete the examination in a clinical setting 
were co-primary outcomes in this analysis. A review 
of the literature during the planning phase of the study 
identified potential assessment tools for ultrasound skills 
(e.g., Objective Structured Assessment of Ultrasound 
Skills (OSAUS) [18], Ultrasound Competency Assess-
ment Tool (UCAT) [19]). However, these tools did not 
include a detailed rating of scanning performance and 
time and were thus deemed unsuitable to answer our 
study aims. We therefore invented a new performance 
score for the RUSH exam similar to a previous scoring 
system used to evaluate simulation-based training of tho-
racentesis in medical students [20]. Although we did not 
formally validate our score, we performed test runs dur-
ing the preceding course with final-year medical students 
to confirm the applicability of our score.

Primary outcome 1: performance score
Each ultrasound examination was scored based on a 
standardized protocol by supervising physicians (Sup-
plementary File 4). At the discretion of the evaluating 
physician, views that were not possible to obtain (e.g. 
due to dressings) were removed from the maximum 
number of achievable points. Each possible ultrasound 
view included in the RUSH protocol was rated as “fully 
acquired” (2 points), “partially acquired” (1 point), “not 
acquired” (0 points) or “not possible”. Rating was guided 
by predefined objective rating criteria for each ultra-
sound view (Supplementary File 3). Only one examina-
tion was performed and scored per patient. Results were 
expressed as the percentage of achieved points out of all 
achievable points.

Primary outcome 2: performance time
Performance time was defined as the time needed to 
complete all views of the RUSH exam, measured to the 
second. Timing was stopped as soon as students captured 
each of the 9 graded views or the student indicated they 
had completed the exercise to the best of their ability.

Secondary outcome 1: score in the practical exam (OSCE)
Obtainable scores in the OSCE were composed of scores 
related to scanning performance (equivalent to primary 
outcome 1: performance score) and scores related to the 
diagnostic and documentation skills of the student dur-
ing simulation. In addition to rating practical scanning 
performance on the high-fidelity ultrasound simulator, 
students were prompted to make a diagnosis for simu-
lated case scenarios based on the views obtained during 
the RUSH exam. Students also wrote a medical report 
describing their findings. These reports were rated by 
evaluators as “good” (2 points), “moderate” (1 point) or 
“insufficient” (0 points). The result was expressed as a 
percentage of the maximum achievable points (Supple-
mentary File 5).

Secondary outcome 2: scores in a written exam
A written exam was performed both before and after the 
course in a large auditorium with each student individu-
ally logging into the institutional digital online examina-
tion platform (Moodle, Saarland University, Germany); 
time was restricted to 25 min. The exam consisted of 16 
predominantly multiple-choice questions (Supplemen-
tary File 2). The results were expressed as a percentage 
of the maximum achievable points. The correct answers 
were neither communicated nor discussed individually 
during the course before the final exam, and the exams 
were performed 5 days apart.

Statistical analysis
Data were collected with Excel 2019 (Microsoft, Red-
mond, USA). Statistical analyses were carried out with R 
(R Core Team, 2023) using the tidyverse package (R Core 
Team 2023; Wickham et al. 2019). Data are presented as 
means (SD), medians (interquartile range), or frequencies 
(percentages) as appropriate. Results of performance-
related scores are expressed as the percentage of achieved 
points of the achievable total points. We performed non-
parametric pairwise comparisons with the Wilcoxon 
rank-sum or signed rank test, which were adjusted for 
multiple comparisons. A two-sided p < 0.05 was consid-
ered statistically significant. Due to the descriptive nature 
of this study, no a priori sample size estimation was per-
formed. The highest number of participants possible 
was included in this study based on available teaching 
resources and considerations on suitable group sizes.

Results
The study participants’ characteristics are presented in 
Table 1.

Primary outcome 1: performance score
Participants performed equally well on each of the three 
patients and were able to obtain most of the RUSH exam 
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views on each of the three patients (median [interquar-
tile range (IQR)] performance in patient A: 87 [83, 93] 
%; patient B: 87 [79, 94] %; and patient C: 85 [78, 89] %, 
p = 0.554; Fig. 2A).

Primary outcome 2: performance time
Participants were able to complete the RUSH exam in a 
similar amount of time for each of the three live patients. 
Students took a median [IQR] of 6 min (m) 30 s (s) [5 m 
16 s, 7 m 8 s] on patient A, 5 m 29 s [4 m 36 s, 6 m 18 s] 
on patient B, and 4 m 31 s [4 m 1 s, 5 m 18 s] on patient 
C. Between the first and third scan (patient A to C), the 
median difference in scanning time improved by 1 m 59 s 
— although this difference was not statistically significant 
(95% confidence interval (95%CI): 21 s, 2 m 37 s; p = 0.07; 
Fig. 2B).

Secondary outcome 1: score in the practical exam (OSCE)
Median [IQR] scores in the performance section (i.e., 
obtaining the images) and the diagnostic section (i.e., 
documentation and diagnosis) of the final OSCE exam 
were 100 [93, 100] % and 100 [98, 100] %. Participants 
performed significantly better on simulators than on live 
patients (p < 0.02 for all patients compared to the simula-
tor; Fig. 2A). Participants were significantly faster on the 
simulator than on their first and second, but not third 
live patient (patient A versus simulator, p = 0.002; patient 
B versus simulator, p = 0.013; patient C versus simulator, 
p = 0.22; Fig. 2B).

Table 1 Study participants’ characteristics
Number of participants n = 16
Age (years) 25 [20, 35]
Sex (m/f) 7 (44%) / 9 (56%)
Semester of medical education
1 1 (6%)
5 3 (19%)
6 1 (6%)
7 2 (13%)
8 3 (19%)
9 5 (31%)
11 1 (6%)
Stage of medical education
Pre-clinical 1 (6%)
Clinical 14 (88%)
Practical year 1 (6%)
Previous exposure to ultrasound 1 (6%)
Data are presented as median (IQR) or frequencies (percentages)

Fig. 2 Scanning performance and time. Panel A: Participants performed equally well on all three patients and significantly better on simulators than 
on real patients. Panel B: Participants had similar scanning times on all patients but were significantly faster on the simulator. The dashed horizontal line 
indicates the time limit for clinical utility (as determined by the investigators)
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Secondary outcome 2: scores in a written exam
Participants’ multiple choice written exam scores 
improved after course participation (p = 0.001), with 
a median [IQR] of 88 [74, 94] % on the entry exam and 
100 [94, 100] % on the final exam (Fig. 3A). Performance 
was widespread on the entry exam ranging from 36 to 
100%, but all students scored higher than 85% on the 
final exam (Fig. 3B). Students had a median [IQR] exam 
performance improvement of 12 [6, 19]% after course 
participation.

Discussion
The RUSH exam can be an invaluable tool in the diagnos-
tic toolbox of physicians in perioperative, emergency, and 
intensive care settings [13–15, 21]. We evaluated a single-
day training in RUSH with a focus on scanning perfor-
mance under clinical conditions. Despite the brevity of 
the course, most students were able to capture more than 
80% of the ultrasound views of the RUSH exam on each 
of the three patients with sufficient quality. In addition, 
two thirds of the students succeeded in performing the 
RUSH exam within a clinically relevant time frame of 
5 min.

Fig. 3 Students’ MC exam performance scores pre- and post-intervention. Panel A: Student exam performance improved after instruction (p = 0.001, 
Wilcoxon signed rank test). Panel B: Students improved by a median [IQR] difference of 12 [6, 19] %. The outlier (+ 64%) was a first-year student
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While scanning performance did not improve with 
each patient scan, the required time to complete the 
RUSH exam decreased, although this improvement was 
not statistically significant. The study team agreed on 
a clinical utility threshold of 5-minutes for the RUSH 
exam. Though most students were able to achieve this by 
their third patient, more than a third did not complete 
the exam within that time. Our course participants per-
formed at least 14 RUSH scans prior to the final exam; 9 
on healthy subjects, 2 on a simulator, and 3 on patients. 
To reach reasonable scanning and diagnostic skills, a 
much higher number of repetitions (50–75) may be 
needed to master ultrasound examinations used in emer-
gency medicine [22]. However, with reduced complexity 
of ultrasound examinations, learning plateaus have been 
seen as early as after 10 to 15 repetitions [23]. Although 
the RUSH exam requires views from several differ-
ent body areas (i.e., cardiac, abdominal, and lung ultra-
sound), it only includes a subset of the most important 
ultrasound views for each body region, which suggests 
that a lower number of repetitions is needed to reach a 
learning plateau– at least in comparison to more detailed 
examinations. Though our course has been a sufficient 
primer for the RUSH exam in medical students, many 
more scans are likely required to master the RUSH exam.

Medical students were slower and performed worse on 
real patients than on the simulator. While all but one stu-
dent completed the exam in under 5 min on the simula-
tor, a third needed longer on real patients. This reveals 
current limitations of ultrasound simulators in refac-
toring real-world clinical conditions. However, while 
ultrasound simulators do not replace the real-world expe-
rience, they are useful tools to demonstrate principles of 
ultrasound examinations and gain early learners’ ultra-
sound skills before approaching real patients [24–30]. 
Training to mastery on the simulator was found to lower 
the repetitions needed to master abdominal ultrasound 
examinations on real patients in 25 first-year residents 
randomized to simulation-based or conventional clini-
cal training [25]. Simulation-based training thus helps to 
shorten the steep initial part of a trainees’ learning curve, 
while lowering the burden on patients resulting from ini-
tial scanning attempts by ultrasound novices.

The ability of simulator models to discriminate in pro-
ficiency of scanning skills may vary substantially. As 
such, a recent report showed that a simulation-based 
assessment of scanning skills discriminated reasonably 
well between the performance of novices and experts 
in abdominal ultrasound [31]. In contrast, most partici-
pants of our course scored 100% on the simulator. The 
high median performance of students on our simulator 
suggests that the model is too easy to scan and fails to 
provide enough of a distribution to allow for discrimi-
nation in scanning skills. Given the significant deviation 

between performance under clinical and simulated con-
ditions, our results suggest that ultrasound scanning 
skills should be evaluated on live patients or at least 
human models to obtain meaningful estimates of scan-
ning performance.

Participation in our course led to a significant gain in 
theoretical knowledge assessed by a written exam before 
and after the course– an important tool for quality assur-
ance of the educational value of our course. The fact that 
some but not all students scored 100% in both entry and 
final exams suggests reasonable discrimination amongst 
the performance of the students. Scores on the written 
exam increased by a relative median difference of 14%, 
which is lower when compared to a similar report on a 
course in RUSH and eFAST [16]. In the study of Cevik 
et al., scores in written exams more than doubled after a 
course in RUSH in medical final-year students (RUSH: 
166%, eFAST: 114% of relative increase in performance) 
[16]. Also in contrast to our findings, only 47% of stu-
dents passed the exam for RUSH compared to 79% pass-
ing the exam for eFAST [16]. The better performance 
in the written exams in our study could be explained by 
the fact that we provided a pre-reading script, leading 
to a higher baseline knowledge. In addition, our course 
included 4 h (versus 1) of theoretical lectures, 4 h (versus 
2) of practical scanning training, simulator training, and 
clinical hands-on scanning sessions [16]. The increase in 
scores after participation in our course suggests that the 
amount of educational content and hands-on experience 
was sufficient to achieve a reasonable gain in theoretical 
knowledge.

The core educational components of our course, such 
as lectures and hands-on scanning time on participants 
and the simulator, were conducted in a single day. Rea-
sonable improvement in learning outcomes and clinical 
performance suggests that the course length was suffi-
cient as a primer for most students to master the RUSH 
exam. Similarly, Cevik et al. reported a high 84% success 
rate in passing an OSCE for eFAST after a 1-hour theo-
retical lecture and 2-hours of practical scanning in 54 
final-year medical students [32]. In contrast, Boniface 
et al. demonstrated that a longitudinal curriculum for 
internal medicine residents resulted in considerably bet-
ter skill retention for ultrasound procedures compared 
to a single-day workshop, suggesting that ongoing edu-
cation may be more effective for long-term competency 
[33]. Future studies could explore longitudinal follow-up 
to evaluate long-term skill retention, or the inclusion of 
a group exposed to longitudinal refresher courses. Taken 
together, short-term learning outcomes appear to be 
reasonably good after a single-day structured training in 
the RUSH exam, but long-term skill retention remains 
unclear and could benefit from longitudinal inclusion of 
refresher courses in academic curricula.
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Limitations
This study evaluated students’ performance under clinical 
conditions, which directly mirrors the real-world scenar-
ios where the RUSH exam would be employed; however, 
this study does have limitations which merit attention. 
First, all medical students were from a single institution, 
possibly limiting the external validity of the results; how-
ever, we did enroll students from different semesters of 
clinical training. Second, the use of a single-day training 
session as the intervention may not be sufficient to pro-
duce lasting competency in the RUSH exam. Retention of 
skills over time could be a factor more crucial for clinical 
applicability. A blend of longitudinal training with peri-
odic reinforcement may emerge as a superior strategy. 
Third, the small study population and the fact that stu-
dents had to actively apply for the course, making them 
a highly motivated sub-population of medical students, 
severely limits generalizability of our results. Finally, the 
scoring metric we used to evaluate performance were not 
previously validated.

Conclusion
Medical students showed satisfactory performance in 
both theoretical and practical evaluations following a 
one-day RUSH training session. However, a notable dis-
parity emerged between simulated and actual scanning 
environments, with worse performance on real patients. 
This study enhances our understanding of the effective-
ness of brief RUSH training in medical students, espe-
cially its applicability in real clinical scenarios. However, 
critical inquiries persist regarding long-term skills reten-
tion and the adaptability of the training program across 
diverse educational and clinical settings. Future investi-
gations should prioritize addressing these gaps, poten-
tially through multi-institutional or longitudinal studies, 
to offer a more comprehensive assessment of RUSH exam 
training’s impact in medical education.
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