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Study objectives: Multiple curricula have been designed to teach medical students the basics 

of ultrasound; however, few focus on critical problem-solving. The objective of this study is to 

determine whether a theme-based ultrasound teaching session, dedicated to the use of ultrasound 

in the management of the hypotensive patient, can impact medical students’ ultrasound educa-

tion and provide critical problem-solving exercises.

Methods: This was a cross-sectional study using an innovative approach to train 3rd year 

medical students during a 1-day ultrasound training session. The students received a 1-hour 

didactic session on basic ultrasound physics and knobology and were also provided with YouTube 

hyperlinks, and links to smart phone educational applications, which demonstrated a variety 

of bedside ultrasound techniques. In small group sessions, students learned how to evaluate 

patients for pathology associated with hypotension. A knowledge assessment questionnaire was 

administered at the end of the session and again 3 months later. Student knowledge was also 

assessed using different clinical scenarios with multiple-choice questions.

Results: One hundred and three 3rd year medical students participated in this study. Appropriate 

type of ultrasound was selected and accurate diagnosis was made in different hypotension clini-

cal scenarios: pulmonary embolism, 81% (95% CI, 73%–89%); abdominal aortic aneurysm, 

100%; and pneumothorax, 89% (95% CI, 82%–95%). The average confidence level in perform-

ing ultrasound-guided central line placement was 7/10, focused assessment with sonography 

for trauma was 8/10, inferior vena cava assessment was 8/10, evaluation for abdominal aortic 

aneurysm was 8/10, assessment for deep vein thrombus was 8/10, and cardiac ultrasound for 

contractility and overall function was 7/10. Student performance in the knowledge assessment 

portion of the questionnaire was an average of 74% (SD =11%) at the end of workshop and 

74% (SD =12%) 3 months later (P=0.00).

Conclusion: At our institution, we successfully integrated ultrasound and critical problem-

solving instruction, as part of a 1-day workshop for undergraduate medical education.

Keywords: point-of-care ultrasound, undergraduate medical education, protocol-driven educa-

tion, problem-based learning

Introduction
Curriculum for undergraduate medical education is continuously analyzed with sig-

nificant emphasis placed on the acquisition of knowledge and critical problem-solving 

skills. Team-based learning and case-based instruction have gained increasing popular-

ity in recent years and have been adopted, in some format, by medical schools across 

the country based on the belief that these techniques will help foster the development 

of critical problem-solving skills.1,2 A study by Schmidmaier et al,3 has demonstrated 

that conceptual knowledge alone is insufficient for the successful application of critical 
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problem-solving skills when making clinical decisions. In 

fact this study discovered that clinical experiences play a 

larger role in clinical decision making.3 Despite the merits 

of traditional undergraduate medical education as well as 

problem-based learning, research suggests that training using 

full-scale, high-fidelity simulation models is superior for the 

attainment of critical assessment and management skills.4,5

The benefits of sound critical problem-solving skills are 

most actualized when physicians face critically ill patients. 

Hypotensive patients, for example, frequently perplex cli-

nicians, because the differential diagnosis of this patient 

population is both extensive and complex. Furthermore, the 

physical exam, the most easily accessible tool a physician 

can use, has been demonstrated to be inadequate to differ-

entiate the etiology of hypotension.6,8 Another disconcerting 

aspect to this patient population is that hypotension carries 

high mortality rates (16%–25%).9,10 In addition, 39% of all 

deaths following traumatic injury are results of uncontrolled 

hemorrhage with unrecognized or inadequately treated 

hypotension.11

Early diagnosis and management of the hypotensive 

patient has been shown to decrease mortality and improve 

patient care, as a result it would seem prudent to develop 

high-fidelity learning models for the acquisition of the skills 

necessary to best care for these patients.12,13 Point-of-care 

ultrasound has been demonstrated to help clinicians narrow 

the differential diagnosis of the hypotensive patient. Further-

more, goal-directed ultrasound protocols have been imple-

mented to reduce time to ultrasound evaluations, and these 

techniques are taught at many residency programs.10,12,14

Research in ultrasound education has confirmed that early 

exposure can improve ultrasound skills.15,16 As a result, medi-

cal schools have started to implement curricula to teach point-

of-care ultrasound skills.17–22 Currently, the most commonly 

used sonographic protocol is the “extended focused assess-

ment with sonography for trauma” (EFAST), and this protocol 

is taught during medical school at numerous institutions.5,18 

Simulation training for undergraduate medical education 

has also demonstrated strengths over traditional education 

due to the combination of immediate feedback, repetitive 

practice, curriculum integration, and clinical relevance.23 To 

our knowledge, no prior study has incorporated the use of 

ultrasound to build critical problem-solving skills. The focus 

of this study was to evaluate a protocol-driven ultrasound 

education model for undergraduate medical education, with 

an emphasis on how the use of sonography in the evaluation 

of hypotension can help direct clinical problem-solving.

Methods
Study design/setting/population
This cross-sectional study was conducted at an academic 

medical center.  This study was reviewed by the institutional 

review board of the University of Arizona and arbitrated as 

not systematic research. The institutional review board did 

not require informed consent from participants be obtained. 

The study participants were 3rd year medical students with 

minimal or no prior ultrasound training experience. Partici-

pation in the study was voluntary. Data were collected from 

September 2013 to March 2014.

Study protocol
At our institution, 3rd year medical students have periodic 

breaks from clinical rotations in which they meet as a group in 

the classroom setting. During this week, students are exposed 

to topics they will encounter in their clinical rotations, such 

as high-value health care, general procedures, pathology sta-

tions, and review of cardiopulmonary resuscitation. A 1-day 

educational workshop focusing on the use of point-of-care 

ultrasound for clinical problem-solving was integrated into 

one of these weeklong sessions. This ultrasound workshop 

was geared toward the use of “sonography in the evaluation 

of the hypotensive patient.” Instructors for this course were 

department of emergency medicine faculty, fellows, and 

residents with expertise in point-of-care ultrasound. The 

components of ultrasound workshop included asynchronous 

learning, 1-hour didactic lecture, a hands-on workshop, and 

an assessment survey administered at the end of the workshop 

and at 3 months following the workshop.

Asynchronous learning assignments, which included reading 

materials, YouTube hyperlinks, and information regarding other 

ultrasound educational websites were provided to the students 

prior to the workshop. These educational tools describe or dem-

onstrate the point-of-care ultrasound applications relevant to the 

evaluation of the hypotensive patient. Additionally, a 1-hour didac-

tic lecture was provided to participating 3rd year medical students. 

The purpose of this lecture was to review basic ultrasound physics, 

machine knobs/controls, and review the sonographic protocol 

for evaluation of hypotension. The hands-on skill sessions were 

developed based on recommendations made by the Council of 

Emergency Medicine Residency Directors and the Academy of 

Emergency Ultrasound regarding the competency skills required 

to assess the hypotensive patient.24 Trained human models were 

used at the skill stations. Instruction at skill stations included 

different components of sonographic protocol for the evaluation 

of the hypotensive patient (Table 1). During the cardiac station, 
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students were taught to look for sonographic signs consistent 

with cardiogenic hypotension: decreased cardiac contractility in 

the case of decompensated heart failure; dilated right ventricle, 

decreased right ventricle free wall motion, and plethoric inferior 

vena cava (IVC) in the case of pulmonary embolism; and peri-

cardial effusion in the case of cardiac tamponade.

At the end of the workshop, knowledge assessment was 

conducted using a 28-item questionnaire aimed to assess the 

following components: knowledge of the use of ultrasound 

for the evaluation of the hypotensive patient, self-assessed 

confidence of various ultrasound applications, opinions of 

the ultrasound workshop, opinions of protocol-based clinical 

problem solving, and evaluation of exposure to ultrasound. 

In order to assess knowledge retention, a portion of the ques-

tionnaire was comprised of multiple-choice questions and 

clinical scenario questions. The multiple-choice questions 

assessed clinical management, sonographic findings, and 

basic ultrasound skills acquired during the workshop. The 

clinical scenario questions were two part questions that 

required students to choose the most appropriate diagnos-

tic ultrasound application and to identify the pathology 

students were anticipating. Students were asked to assess 

their confidence in each of the sonographic skills that were 

taught during the workshop. The questionnaire was admin-

istered at the end of the workshop and 3 months following 

the workshop.

Table 1 Skills station descriptions

Sonographic skills station Learning objectives and methods

Sonography for hypotension
Cardiac (30 minutes) How to assess the heart for activity and function. 

Cardiac evaluation in a hypotensive patient can be life saving. In this station, students 
learned how to obtain normal cardiac views. During this session, emphasis was placed on 
right ventricle size, systolic versus diastolic collapse, presence of pericardial effusion, and 
global function. Students learned which sonographic findings would be associated with 
cardiac arrest, pulmonary embolism, and tamponade physiology.

Abdominal aorta (30 minutes) How to evaluate the abdominal aorta for aneurysms. 
The proximal, mid, and distal aorta were evaluated in short and long axes. Anteroposterior 
measurements of aorta were obtained in short axis. Students learned the sonographic 
criteria (measurements) for the diagnosis of abdominal aortic aneurysm (AAA).

EFAST (extended focused assessment with sonography  
for trauma) examination (20 minutes)

How to evaluate for intra-abdominal free fluid. 
Right upper quadrant (RUQ): Morison’s pouch/paracolic gutter; subxyphoid: pericardial 
effusion and global cardiac function; left upper quadrant: free fluid above the spleen and 
spleen-renal space; pelvis: free fluid adjacent to bladder in short and long axis; thorax: 
pleural slide at bilateral anterior chest wall. Emphasis was placed on the RUQ when 
limited by time.

EFAST individual challenge timed event (20 minutes) Evaluation of time to complete an EFAST exam. 
Each student completed a supervised and timed EFAST exam (Maximum 3 minutes).

Inferior vena cava (IVC) evaluation (20 minutes) How to evaluate global volume status using IVC. 
Emphasis of education was placed on plethoric IVC versus collapsible IVC as a measure 
of pathology, such as tamponade, pulmonary embolism, and hypovolemia, respectively.

Lower extremity venous ultrasound (20 minutes) How to assess lower extremity veins for deep vein thrombus (DVT). 
Students learned two-point compression lower extremity ultrasound. Emphasis placed 
on common femoral vein and popliteal vein as per the 2008 JAMA article.26 Sonographic 
findings associated with DVT were discussed. In addition, students were educated on the 
need for anticoagulation in a patient with hypotension and DVT for presumed  
pericardial effusion.

Ultrasound-guided central line placement (20 minutes) How to place a central venous catheter. 
Students learned differences between large bore intravenous, triple lumen central venous 
catheter, and cordis venous catheter. Emphasis was placed on needle guidance and 
improvement of procedure through the use of ultrasound guidance (safety and success rates). 
Evaluation of time to complete ultrasound-guided central line placement was performed.

Image review (20 minutes) How to recognize ultrasound pathology relevant to hypotension. 
PowerPoint slideshow containing pathology relevant to the hypotensive patient.  
The slide show contained images and videos of the following: positive peritoneal fluid 
in all EFAST views, pleural effusion, cardiac tamponade, plethoric IVC, collapsible IVC, 
hemothorax, pneumothorax, central line placement, and soft tissue foreign body.
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Data analysis
All analyses were performed using Stata 11 (StataCorp LP, 

College Station, TX, USA). Data are presented as means 

and percentages with 95% confidence intervals. Continuous 

variables were compared between the two groups (post-test 

immediately after workshop versus 3-month post-test) using 

Student’s t-test and Wilcoxon signed-rank test. The statistical 

level of significance was set at P,0.05.

Results
A total of 101 subjects participated in this ultrasound 

workshop, and 92% (93/101) completed the questionnaire 

at the end of the workshop. Forty-one percent of the stu-

dents responded to our 3-month follow-up questionnaire. 

Only 17% (95% CI, 9%–25%) of students had been taught 

how to use ultrasound to assess a patient with hypoten-

sion prior to the workshop. Ninety-one percent (95% CI, 

86%–97%) had interest in learning ultrasound and would 

enroll in an optional ultrasound curriculum if given the 

opportunity. Ninety-six percent (95% CI, 92%–100%) of 

students agreed that the use of “ultrasound protocol for the 

evaluation of the hypotensive patient” workshop helped 

them understand how ultrasound could be effectively inte-

grated into clinical problem-solving. Similarly, 95% (95% 

CI, 90%–100%) felt that protocol-driven education was 

an effective teaching technique. Eighty percent (95% CI, 

72%–88%) of students also felt that the ultrasound work-

shop helped them understand how ultrasound can change 

outcomes in acutely ill patients. After completing the 

ultrasound workshop, 100% of the medical students were 

able to complete the EFAST challenge within 3 minutes. 

Student performance in the knowledge assessment portion 

of the questionnaire was an average of 74% (SD=11%) at 

the end of workshop and 74% (SD=12%) 3 months later 

(P=0.00; Figures 1 and 2). The confidence levels in each 

of the sonographic skills reported by students are sum-

marized in Table 2.

Discussion
Our results suggest use of sonography for clinical problem 

solving such as in the evaluation of the hypotensive patient 

can be effectively taught to medical students. With increasing 

use of bedside sonography in the evaluation and management 

of critically ill patients, it is crucial for medical students 

to have ultrasound skills as they enter residency. To our 

knowledge, no prior studies have evaluated the integration 

of sonography into clinical problem solving sessions. We 

believe this approach generates more interest among medical 

students. Overall the students’ response to the workshop was 

positive. Although the majority of students had not previously 

received ultrasound training, they were easily able to integrate 

its use in the evaluation of hypotension and quickly picked 

up on the skills required to scan.

This is the first ultrasound workshop designed to teach 

medical students the ultrasound applications used to evaluate 

hypotensive patients. Unlike traditional ultrasound education, 

Figure 1 Student test scores immediately after the 1-day workshop.
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Figure 2 Student test scores 3 months after the 1-day workshop.

Table 2 Students self-reported confidence with ultrasound skills 
on day 1 and day 90

Sonographic skill Confidence 
on day 1

Confidence 
on day 90

P-value

Performing EFAST exams 7.82 (SD =1.7) 5.34 (SD =2) P,0.05
Interpreting EFAST exams 7.09 (SD =1.9) 5.20 (SD =2.2) P,0.05
Volume assessment with IVC 8.00 (SD =1.5) 5.46 (SD =2.3) P,0.05
Evaluation for AAA 8.06 (SD =1.6) 5.59 (SD =2.5) P,0.05
Assessment of cardiac  
activity and function

7.12 (SD =1.9) 4.83 (SD =2.2) P,0.05

Central line placement 6.99 (SD =1.9) 4.37 (SD =2.1) P,0.05
Evaluation of lower  
extremities for DVT

8.31 (SD =1.5) 5.56 (SD =2.2) P,0.05

Note: Confidence scores were measured from 1–10: 1 was least confident and 10 
was most confident.
Abbreviations: AAA, abdominal aortic aneurysms; DVT, deep vein thrombosis; 
EFAST, extended focused assessment with sonography for trauma; IVC, inferior 
vena cava.

which is organ based, our curriculum was protocol driven. 

As the students rotated through the stations within the ultra-

sound protocol for the hypotensive patient, they learned 

about the possible hypotensive pathologies associated with 

each ultrasound application. For example, when rotating 

through the Aorta station, students were taught that although 

an abdominal aortic aneurysm is enlarged at 3 cm; in a 

hypotensive patient, an aneurysm greater than or equal to 

6 cm is presumed ruptured. In addition, during the IVC 

station, students learned that IVC measurements are useful 

in extremes (flattened IVC = intravascular depletion and 

plethoric IVC = heart failure/pericardial effusion).

Incorporating hands-on training sessions is paramount 

to teaching ultrasound as this requires spatial motor skills 

that have been shown to improve with experience.25 Our 

educational curriculum provided ample opportunities for 

students to gain hands-on experience with direct and imme-

diate feedback from trained physicians. Based on previous 

experience, our goal was to create small groups with student 

to instructor ratios of 5:1. This increased the dedicated 

hands-on learning experience, and with minimal training 

students were able to acquire images for each of the stations. 

In fact, all students were able to complete an EFAST exam 

within the 3-minute timed station. Our results indicate that 

protocol-based ultrasound education was well received by 

the medical students. The ultrasound workshop created a 

comfortable learning environment in which students were 

able to learn diagnostic skills as well as procedural skills. In 

addition, critical thinking skills and conceptual knowledge 

was demonstrated on the post-test questionnaire. In fact, 

the average score on the questionnaire was 74% after the 

workshop despite the fact that the majority of students were 

ultrasound naïve.

Our study results indicate that students’ knowledge was 

maintained beyond 3 months. However, the self-reported 

confidence in sonographic skills was significantly reduced 

(Table 2). It is possible that the students’ lack of confidence is 

attributed to the lack of practice. In fact, 92% of the students 

had performed fewer than three ultrasounds in the preceding 

3 months. Although the true impact of a 1-day workshop is 
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unknown, students require practice in order to maintain and 

improve upon the spatial motor skills acquired during the 

workshop. In an era where ultrasound is easily accessible, 

developing an understanding of how to apply sonography to 

the bewildering patient will empower the next generation of 

critically thinking clinicians.

Limitations
Our study has several limitations including a small sample 

size. Although 92% of students responded to the ques-

tionnaire immediately after the 1-day event, only 41% 

of the students responded to the follow-up questionnaire 

3 months after the event. Student knowledge retention was 

assessed, however, we did not test students’ competency in 

acquiring ultrasound images. Another limitation of the study 

was that some of the results were based on student self-

assessment. Furthermore, it is possible that students with 

greater interest in ultrasound participated in this study and 

in the follow-up questionnaire. One educational limitation 

was the number of ultrasound applications being taught dur-

ing a 1-day workshop. These students were ultrasound naïve 

and although the students demonstrated comprehension and 

skill development, it was challenging and complex. Lastly, 

our study was not designed to assess overall impact of the 

ultrasound protocol nor was it designed to assess the impact 

of integrating ultrasound into critical problem-solving. 

Long-term sonographic skill retention, usage, and impact 

on patient care were not assessed.

Conclusion
At our institution, we successfully integrated ultrasound 

and critical problem solving instruction, as part of a 1-day 

workshop for undergraduate medical education.
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