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BACKGROUND: Point-of-care ultrasound has gained widespread use in developing countries due to 
decreased cost and improved telemedicine capabilities. Ultrasound training, specifi cally image acquisition 
skills, is occurring with more frequency in non-medical personnel with varying educational levels in these 
underdeveloped areas. This study evaluates if students without a high school education can be trained to 
acquire useful FAST images, and to determine if an 8

th 
grade student can teach peers these skills.

METHODS: The 8
th
 grade students at a small middle school were divided into two groups. One 

group received training by a certified medical sonographer, while the other group received training 
by a peer 8

th
 grade student trainer who had previously received training by the sonographer. After 

training, each student was independently tested by scanning the four FAST locations. A blinded 
ultrasound expert evaluated these images and deemed each image adequate or inadequate for 
clinical use.

RESULTS: Eighty video image clips were obtained. The overall image adequacy rate was 74%. 
The splenorenal window had the highest rate at 95%, followed by retrovesical at 90%, hepatorenal at 
75%, and subxiphoid cardiac at 35%. The adequacy rate of the sonographer-trained group was 78%, 
while the adequacy rate of the student-trained group was 70%. The difference in image adequacy 
rate between the two groups was not signifi cant (P-value 0.459).

CONCLUSION: The majority of 8
th
 graders obtained clinically adequate FAST images after 

minimal training. Additionally, the student-trained group performed as well as the sonographer-trained 
group.
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INTRODUCTION
Point-of-care ultrasound (POCUS) has become a 

well-established diagnostic tool in the emergency and 

outpatient settings. Previous studies have documented 

its ease of use with minimal training. The teaching of 

POCUS to healthcare providers is well described and 

ultrasound training begins as early as the first year of 

medical school in the United States.
[1]

 In recent years, 

POCUS has gained widespread use in developing countries 

due to decreased equipment costs and improved telemedicine 

capabilities of transmittable digital images.
[2,3]

 Many of 

these resource-limited areas lack personnel with medical 

background or experience. Thus ultrasound training, and 

specifically image acquisition skills, is occurring with 

more frequency in non-medical personnel.
[4] 

Currently, few published studies exist exploring 

ultrasound use in non-medical personnel. NASA reported 

successful use of ultrasound by an astronaut aboard 

the International Space Station using verbal remote 

guidance from the ground.
[5]

 Undergraduate college 

students in the United States participated in a POCUS 

course with good self-reported learning,
[6]

 while another 

study showed good diagnostic accuracy at the bedside in 

college student users after a one-hour training session on 

musculoskeletal ultrasound.
[7]

It is unclear how effectively ultrasound skills can 

be taught to laypersons of varying educational levels. 

According to the United Nations Educational, Scientifi c, 
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and Cultural Organization Institute for Statistics (UIS), 

the average adult in the United States has 13 years 

of formal education. By comparison, UIS reports 40 

countries where the typical adult averages less than 9 

years of schooling, including Brazil and Mexico.
[8]

 When 

considering starting a basic POCUS training program 

in non-medical personnel in one of these 40 countries, we 

realize that the average learner will not have a high school 

education. Given this dilemma, we sought to evaluate 

if American 8
th
 grade students can be trained to acquire 

ultrasound images that would be considered clinically useful 

by a physician ultrasound expert. A second objective was to 

determine if an 8
th 

grade student can teach peers these skills.

METHODS
This was a prospective, observational study of the 

entire 8
th
-grade class at a small private school in Orange 

County, California, USA in January 2016. The study 

was reviewed and approved by the site review board and 

school administrators. Prior to enrollment in the study, 

all subjects and their parents were required to complete 

assent and consent forms, respectively. Enrollment 

in the study was voluntary and participants were not 

reimbursed for their participation.

A certifi ed medical sonographer presented a didactic 

19-slide Powerpoint lecture introducing the Focused 

Assessment with Sonography for Trauma (FAST) to 

the entire class. This lecture highlighted basic anatomy 

and the four conventional image windows of the FAST 

exam (hepatorenal, splenorenal, subxiphoid cardiac, and 

retrovesical). Following the presentation, the class was 

divided into two groups for hands-on training to assess 

for image acquisition capabilities for each window of the 

FAST. Group A consisted of female students and used 

an adult female model, while Group B consisted of male 

students and used an adult male model. Group A received 

hands-on training by a certifi ed medical sonographer, and 

Group B received hands-on training by a peer 8
th
-grade 

student trainer who had previously received two hours 

of individual hands-on training by the same medical 

sonographer. The total amount of didactic and hands-on 

training was 2 hours for each group.

Following this training period, all students were 

evaluated and tested individually. Students needed to 

independently demonstrate proficiency by obtaining 

adequate images of the four windows of the FAST 

scan. A total of four video clips of 15 seconds each 

were recorded and stored in the machine’s hard 

drive. All images were obtained using two SonoSite 

Edge ultrasound machines with phased array probes 

(FUJIFILM SonoSite Inc, Bothell, WA). Instruction or 

guidance was not provided during this testing period. 

A blinded ultrasound expert reviewer later evaluated 

each of these images and deemed each image adequate 

or inadequate for clinical use. The data was statistically 

analyzed using chi-square testing.

RESULTS
A total of 20 participants were enrolled in the study, 

with an average age of 14.1 years. Group A had 9 female 

students with the average age of 13.9 years, while group B 

had 11 male students with an average age of 14.3 years.

A total of 80 video images were obtained. The overall 

image adequacy rate was 74% (59/80 images). The 

splenorenal window had the highest rate at 95% (19/20), 

followed by retrovesical at 90% (18/20), hepatorenal 

at 75% (15/20), and subxiphoid cardiac at 35% (7/20) 

(Figure 1). If cardiac images are excluded, the image 

adequacy rate of the other three windows combined was 

87% (52/60). The total image adequacy rate of group 

A (sonographer-trained) was 78% (28/36), while the 

total image adequacy rate of group B (peer student-

trained) was 70% (31/44) (Figure 2). The difference in 
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Figure 1. Clinically adequate FAST image.
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image adequacy rate between Groups A and B was not 

statistically signifi cant (P-value 0.459, chi-square).

DISCUSSION
Our data suggests that an 8

th
 grade student has 

the mental and technical abilities to obtain clinically 

adequate FAST images in all but the subxiphoid view 

after a minimal amount of training. These students 

exhibited adequacy to obtain abdominal windows of 

the FAST exam. The FAST examination is one of the 

most common applications of POCUS, with one survey 

in developing countries reporting it as the second most 

common ultrasound application behind obstetrical 

use.
[9]

 Accuracy and ease of training of FAST among 

physicians worldwide have been well documented,
[10-12]

 

with one Peruvian study reporting increased confidence 

in FAST scanning abilities in physicians after just 2.5 

hours of ultrasound training.
[13]

 While our overall image 

adequacy rate of 74% after two hours of training appears 

impressive, it is diffi cult to compare as other studies on 

POCUS applications among non-physicians are lacking. 

A non-physician astronaut aboard the International 

Space Station successfully completed a FAST exam in 

5.5 minutes with only brief training and voice assistance 

by a ground-based ultrasound expert.
[5]

 A study from 

Spain by Garcia-Casasola et al
[14]

 reported that 4
th
 year 

medical students with over 15 hours of hands-on training 

correctly imaged and identified the liver, spleen, and 

kidneys over 95% of the time, while the heart via the 

subxiphoid view had the lowest rate at 55%. In another 

study, after a three-day college POCUS course in the 

United States, premedical college students self-rated 

performing bladder ultrasound as their strongest area 

(4.86 on Likert scale), while obtaining the subxiphoid 

view their weakest area (4.40).
[6]

 These findings are 

consistent with our study, in which we found the bladder 

window to be the second easiest image to capture, while 

the cardiac window was the most diffi cult.

The higher POCUS image acquisition success rates 

in the Spanish study discussed above is expected given 

the advanced education of medical students compared to 

the 8
th
 graders in our study. Additionally, that study also 

had more hands-on training of over 15 hours, compared 

to just 2 hours in our study. Unfortunately, our hands-on 

training time was limited due to the nature of a typical 8
th
 

grade school day and time limitations placed by school 

administrators. While we can assume that increasing 

hands-on training will increase image acquisition success 

in these young users, we are unsure as to how much a 

lack of physical maturation or higher education would 

act as a barrier to that success. Further studies involving 

non-medically trained adults of varying educational 

levels may help impact the design of ultrasound training 

for these groups going forward. Special attention in 

future studies should be given to better teaching in 

acquiring the subxiphoid view in FAST.

POCUS continues to gain widespread use in 

developing countries and resource-limited settings. 

Financial constraints can frequently be overcome by 

industry or corporate donations.
[2,15]

 The most common 

barrier cited for POCUS use in these areas is lack of 

expert training and continuing education at the local 

level.
[2,9]

 Due to this lack of local ultrasound physician 

expertise, some have utilized non-medical personnel 

with little or no ultrasound training. A review in low and 

middle income countries showed that the vast majority 

of persons performing ultrasound do not meet the World 

Health Organization ultrasound training criteria, and that 

many ultrasound users are non-medical personnel with 

little to no formal training.
[4]

 Previous studies suggest 

that task-shifting and training non-physicians may be the 

only way to sustain ultrasound use in these areas.
[4,16]

 Peer 

teaching and “training the trainer” education programs 

may be another way to expand and maintain ultrasound 

skills.

Peer-assisted learning is a proven and cost-effective 

method to train adult students across many industries 

and learning environments. An evidence-based review 

suggests that peer teaching in medical school programs is 

comparable to conventional faculty-based teaching when 

utilized in selected contexts.
[17]

 Specific to ultrasound 

training, medical student-teachers have proven that they 

can be just as effective as faculty teachers when training 

peers in abdominal and musculoskeletal ultrasound as 

well as sonographic anatomy.
[14,18,19]

 Our study showed no 

difference in scanning ability between the group trained 

by the professional sonographer and the group trained by 

the student trainer. Although there was only one student 

trainer in this study, our results suggest that peer-assisted 

learning for POCUS can be employed effectively 

in students without any prior medical education or 

experience. The medical adage “see one, do one, teach 

one” may apply to ultrasound image acquisition in 

novice users, and peer teaching may lead to program 

sustainability in these underdeveloped areas.

It is important to note that in our study, although 

one group received hands-on training by a peer 8
th
 grade 

student trainer, both groups received didactic instruction 

from a professional medical sonographer only. In a 



www.wjem.com.cn

112 Kwon et al World J Emerg Med, Vol 10, No 2, 2019

resource-poor setting where the goal is to have peer-

to-peer teaching, didactic training by a professional 

expert may not be practical or possible. However, in 

areas that may be employing non-medical personnel 

to acquire images to send digitally, it can be assumed 

that computers with Internet access will be a minimal 

standard. Online video lectures by remote experts could 

substitute for minimally interactive lecture material 

provided by live credentialed teachers, while peer-

assisted interactive hands-on training will take place on-

site. Thus, we don’t feel that having the sonographer give 

both groups a didactic lecture was a study design fl aw, as 

it can be reproduced in a real world setting.

Lastly, ultrasound and telemedicine merit discussion. 

With increased capabilities to transmit digital images 

worldwide for remote interpretation, there is increasing 

interest in developing ultrasound programs in low and 

middle income countries. The NASA study cited earlier 

is an extreme example of effective telesonography from 

outer space. First responders in the prehospital setting 

have also shown an impressive diagnostic accuracy of 

88% with FAST studies using real-time remote review 

by an emergency physician.
[20]

 These studies illustrate the 

power of telemedicine and importance of training proper 

image acquisitions skills at the local level. With smaller 

and more affordable hand-held ultrasound devices 

being brought to market, the popularity of POCUS and 

demand for ultrasound training will continue to rise in 

underdeveloped areas.

Limitations

Th ere are several limitations to this study. The main 

limitation is the single school and geographic site, thus 

it is unclear if our fi ndings will be generalizable to other 

regions and ages. The demographics of 8
th
 grade students 

vary widely in other parts of the country and world. The 

two groups of learners were also divided based on gender, 

which may have produced a selection bias. Future studies 

will need to be obtained to determine if gender plays a 

role in the ability to acquire ultrasound images. Lastly, 

the study sample size was small and thus not powered 

to detect small but potentially relevant differences in 

outcomes between the two trainee groups. Future, large-

scale studies are needed to determine if there are any 

differences in image acquisition and confirm whether 

peer-to-peer teaching is possible at this stage.

CONCLUSIONS
Our data indicates that an 8

th
 grade student can 

obtain clinically adequate FAST images in all but the 

subxiphoid view after minimal training. Additionally, 

there was no difference found between the student-

trained group and the instructor-trained group. This data 

is promising, however, larger studies must be performed 

to determine the optimal amount of training for 

profi ciency in novice or non-traditional ultrasound users.

Funding: None.

Ethical approval: The study was reviewed and approved by the 

site review board and school administrators.

Conflicts of interest: All authors have no financial or other 

confl icts of interest related to the submitted article.

Contributors: ASK led the design of the study and data 

collection, and drafted the manuscript. All authors contributed 

to the interpretation of the results and the critical revision of the 

manuscript.

REFERENCES
1 Dinh VA, Fu JY, Lu S, Chiem A, Fox JC, Blaivas M. 

Integration of ultrasound in medical education at united 

states medical schools. Journal of Ultrasound in Medicine. 

2016;35(2):413-9. 

2 Henwood PC, Mackenzie DC, Rempell JS, Murray AF, Leo 

MM, Dean AJ, et al. A practical guide to self-sustaining point-

of-care ultrasound education programs in resource-limited 

settings. Ann Emerg Med. 2014;64(3):277-285.e2. 

3 Denny SP, Minteer WB, Fenning RTH, Aggarwal S, Lee DH, 

Raja SK, et al. Ultrasound curriculum taught by first-year 

medical students: A four-year experience in Tanzania. World J 

Emerg Med. 2018;9(1):33-40. 

4 LaGrone LN, Sadasivam V, Kushner AL, Groen RS. A review 

of training opportunities for ultrasonography in low and middle 

income countries. Trop Med Int Health. 2012;17(7):808-19. 

5 Sargsyan AE, Hamilton DR, Jones JA, Melton S, Whitson PA, 

Kirkpatrick AW, et al. FAST at MACH 20: clinical ultrasound 

aboard the International Space Station. J Trauma. 2005;58(1): 

35-9.

6 Smalley CM, Browne V, Kaplan B, Russ B, Wilson J, 

Lewiss RE. Early innovative immersion: a course for pre-

medical professions students using point-of-care ultrasound. J 

Ultrasound Med. 2016;35(12):2681-6. 

7 Lahham S, Becker B, Chiem A, Joseph LM, Anderson CL, 

Wilson SP, et al. Pilot study to determine accuracy of posterior 

approach ultrasound for shoulder dislocation by novice 

sonographers. West J Emerg Med. 2016;17(3):377-82. 

8 United Nations Educational, Scientific, and Cultural 

Organization Institute for Statistics. Mean years of schooling 

(ISCED 1 or higher), population 25+ years, http://uis.unesco.

org/indicator/edu-attain-mys-mys. (accessed 30 August 2017).

9 Shah S, Bellows BA, Adedipe AA, Totten JE, Backlund 

BH, Sajed D. Perceived barriers in the use of ultrasound in 

developing countries. Crit Ultrasound J. 2015;7(1): 28.

10 Kumar S, Bansal VK, Muduly DK, Sharma P, Misra MC, 

Chumber S, et al. Accuracy of focused assessment with 

sonography for trauma (FAST) in blunt trauma abdomen-a 



www.wjem.com.cn

113World J Emerg Med, Vol 10, No 2, 2019

prospective study. Indian J Surg. 2015;77(Suppl 2):393-7. 

11 Fleming S, Bird R, Ratnasingham K, Sarker SJ, Walsh M, 

Patel B. Accuracy of FAST scan in blunt abdominal trauma in 

a major London trauma centre. Int J Surg. 2012;10(9):470-4. 

12 Hsu SD, Chen CJ, Chan DC, Yu JC. Senior general surgery 

residents can be trained to perform focused assessment with 

sonography for trauma patients accurately. Surg Today. 2017; 

47(12):1443-9. 

13 Crouch AK, Dawson M, Long D, Allred D, Madsen T. 

Perceived confidence in the FAST exam before and after an 

educational intervention in a developing country. Int J Emerg 

Med. 2010;3(1):49-52. 

14 Garcia-Casasola G, Sánchez FJ, Luordo D, Zapata DF, 

Frías MC, Garrido VV, et al. Basic abdominal point-of-care 

ultrasound training in the undergraduate: students as mentors. J 

Ultrasound Med. 2016;35(11):2483-9. 

15 Harris RD, Cho JY, Deneen DR. Compact ultrasound donations 

to medical facilities in low-resource countries: a survey-based 

assessment of the current status and trends. J Ultrasound Med. 

2012;31(8):1255-9.

16 Stolz LA, Muruganandan KM, Bisanzo MC, Sebikali MJ, 

Dreifuss BA, Hammerstedt HS, et al. Point-of-care ultrasound 

education for non-physician clinicians in a resource-limited 

emergency department. Trop Med Int Health. 2015;20(8): 

1067-72. 

17 Yu TC, Wilson NC, Singh PP, Lemanu DP, Hawken SJ, Hill 

AG. Medical students-as-teachers: a systematic review of peer-

assisted teaching during medical school. Adv Med Educ Pract. 

2011;2:157-72. 

18 Knobe M, Münker R, Sellei RM, Holschen M, Mooij SC, 

Schmidt-Rohlfing B, et al. Peer teaching: a randomised 

controlled trial using student-teachers to teach musculoskeletal 

ultrasound. Med Educ. 2010;44(2):148-55. 

19 Celebi N, Zwirner K, Lischner U, Bauder M, Ditthard K, 

Schürger S, et al. Student tutors are able to teach basic 

sonographic anatomy effectively - a prospective randomized 

controlled trial. Ultraschall Med. 2012;33(2):141-5.

20 Song KJ, Shin SD, Hong KJ, Cheon KW, Shin I, Song SW, 

et al. Clinical applicability of real-time, prehospital image 

transmission for FAST (Focused Assessment with Sonography 

for Trauma). J Telemed Telecare. 2013;19(8):450-5.

Received August 25, 2018

Accepted after revision December 15, 2018




