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Abstract

Background: Extended Focused Assessment with Ultrasonography in Trauma (eFAST) reliably identifies non-compressible torso 
hemorrhage (NCTH), a major cause of battlefield death. Increased portability of ultrasound (US) enables eFAST far forward on the 
battlefield, and published data demonstrate combat medics can learn and reliably perform US exams. Sonivate has developed an 
US device with an intuitive graphical user interface (GUI) and novel, finger-worn transducer with built-in linear and phased arrays, 
the SonicEye®. We evaluated combat medic eFAST performance between the novel SonicEye® and a conventional device made by 
General Electric, the Vscan Extend™.

Methods: This was a prospective, randomized, crossover trial completed at a single U.S. military installation. Subjects were U.S. 
Army combat medics with no previous US experience. Subjects performed an eFAST on a live human and a simulation model with 
both devices after a brief training intervention. Our primary outcome was time in seconds for eFAST completion, limited to 600 
seconds. Secondary outcomes included: diagnostic accuracy, technical adequacy using a validated task-specific checklist, and end-
user appraisal of device ease-of-use with 5-point Likert items. This study was approved by the local institutional review board.

Results: Forty subjects volunteered, most were male (67.5%), less than 36 years old (95.0%), and in the grade E-4 or below 
(75.0%). Subjects performed a total of 160 eFAST (80 novel, 80 conventional). We found no significant difference in time for eFAST 
completion between the novel and conventional devices (391 seconds [95% CI 364, 417] versus 352 seconds [95% CI 325, 379]; 
p = 0.71). We also found there no significant differences between the novel and conventional devices with respect to diagnostic 
accuracy (91.5% versus 89.2%; p = 0.28) and technical adequacy (75.0% versus 72.5%; p = 0.28). However, we did find that subjects 
preferred the image quality of the novel device (4.3 versus 3.6; p< 0.01), while favoring the conventional transducer (3.8 versus 4.3; 
p = 0.04).

Conclusion: Combat medic eFAST performance across devices did not differ with respect to time to completion, diagnostic 
accuracy, and technical adequacy. Medics with limited US experience performed diagnostically accurate eFAST after a brief training 
intervention. Future research should assess learning gaps and skill retention in order to guide development of U.S. military US 
training programs for combat medics.
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Introduction
Background

During the recent conflicts in Afghanistan and Iraq, 
noncompressible torso hemorrhage (NCTH) was the most common 

 
cause of preventable death on the battlefield and required surgical 
intervention [1-4]. Extended focused assessment with sonography  
in trauma (eFAST) reliably diagnoses non-retroperitoneal NCTH,  
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and if performed far forward on the battlefield may enable rapid 
diagnosis and evacuation of casualties with NCTH to surgical 
facilities [5-9]. Multiple, previous studies demonstrate combat 
medics can learn and reliably perform diagnostically accurate 
ultrasound (US) examinations for pulmonary, soft tissue, and 
musculoskeletal structures [10-13]. A recent study reported 
combat medics completed timely and diagnostically accurate eFAST 
after a short training intervention [14].  With recent advances in 
technology, US devices may now be portable and rugged enough 
for battlefield utilization [15-17]. Sonivate Medical developed a 
handheld US device specifically for battlefield medic use. This 
device couples an intuitive graphical user interface (GUI) and a 
finger-worn US transducer with built-in linear and high-frequency 
arrays. Although US device and transducer miniaturization are often 
considered advantageous, their impact on US exam performance 
remains unclear, particularly amongst novice sonographers in the 
austere combat setting. The purpose of this study was to evaluate 
combat medic eFAST performance with the novel device (Sonivate’s 
SonicEye®) in comparison to a widely available portable US device 
(General Electric’s Vscan Extend™).

Goals of this Study
We compare combat medic eFAST completion times between 

novel and conventional US devices. Secondarily, we evaluate 
diagnostic accuracy, technical adequacy, and end-user impressions 
of device ease-of-use, between devices.

Methods
Study oversight and design

The U.S. Army Regional Health Command-Pacific Institutional 
Review Board approved this prospective, randomized, crossover 
trial (protocol #218078). All subjects were consented.

Subjects and Materials

We conducted all study activities within the Medical Simulation 
Training Center at Joint Base Lewis-McChord, Washington. We 
utilized a classroom for all instruction and a simulated aid station 
for practical training and testing. The simulated aid station was 
indoors, temperature-controlled, and with optimal lighting for 
interpretation of eFAST images displayed on device GUI. We 
enrolled subjects from locally assigned military units. Our inclusion 
criteria included medics (military occupational specialty 68W or 
18D) on active-duty status 18-54 years old. We excluded subjects 
who were pregnant or reported previous formal US training-
defined as a 1-month US training program, an US fellowship, or 
diagnostic medical sonographer training. We sought medics with 
minimal US training to avoid potential confounding from device 
or exam experience. All investigators have emergency medicine 
residency training. Three investigators (JM, AC, MP) have completed 
emergency ultrasound fellowship training. All investigators dressed 
in civilian attire to preclude undue influence from military rank and 
status.

Figure 1: SonicEye® by Sonivate Medical, Inc.

We utilized two portable US devices. The first was a prototype 
manufactured by Sonivate called the SonicEye® (SonicEye®, 
Sonivate Medical, Inc., Portland, Oregon, U.S.). The SonicEye® 
comprises of a finger-worn transducer with built-in linear and high-
frequency arrays, thereby eliminating the need to connect multiple, 
separate transducers during the performance of an eFAST (Figure 
1). The SonicEye® is connected by cable to a GUI that employs an 
intuitive menu system with prompts specifically designed to guide 
the user through eFAST execution. The second device used was 
widely available during the time of this study, General Electric’s 

Vscan Extend™ (Vscan Extend™, General Electric Company, Boston, 
Massachusetts, U.S.). The Vscan Extend™ also possesses a single 
transducer with built-in linear and high-frequency arrays; however, 
these two arrays are situated on opposite ends of the transducer 
as opposed to one end and it is not designed to be worn on the 
finger (Figure 2). The Vscan Extend™ transducer is also connected 
by cable to its GUI that also utilizes a menu-driven system, which 
includes eFAST but without prompts that guide the sonographer 
through eFAST execution.  We used two models for eFAST training 
and testing. One was the Blue PhantomTM “FAST Exam Real Time 
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Ultrasound Training Model” (Item Number BP-FAST1800; CAE 
Blue Phantom, CAE Health Care, Sarasota, Florida, U.S.). Blue 
PhantomTM models produce realistic sonographic images (Figure 
3). We utilized them to generate abnormal US findings; however, 
Blue PhantomTM models do not replicate lung physiology and 
cannot produce sonographic lung sliding. After we manipulated 
the Blue PhantomTM models to create the desired abnormalities, 
two different investigators performed eFAST on them to validate 

expected exam findings before subjects tested. The other model 
was living humans without medical or surgical histories that would 
produce abnormal eFAST findings. Since these models could not 
produce abnormal eFAST findings, we did not use them to measure 
diagnostic accuracy. We incorporated living human models into our 
study to provide normal eFAST pulmonary findings and evaluate 
for differences in eFAST performance between living and simulated 
tissue.

Figure 2: Vscan Extend™ by General Electric Company.

Figure 3:  Blue PhantomTM  FAST Model.

Study protocol

After consenting and enrolling subjects, a single investigator 
(JM) provided all medics with a standardized, 60-minute lecture 
on eFAST in a classroom setting. Afterwards, we utilized a random 
number sequence generator (Random Sequence Generator, 
Randomness and Integrity Services Ltd., Dublin, Leinster, Ireland) 
to randomize subjects into one of two groups. Group 1 trained and 
tested on the novel device first and then repeated the same on the 
conventional device. Group 2 trained tested on the conventional 

device before the novel device. By groups, subjects moved to the 
simulated aid station for device orientation, eFAST exhibition, 
and eFAST practice exams on a living human model and a Blue 
PhantomTM model. Investigators demonstrated GUI operation and 
transducer handling before performing an eFAST on both models 
for training benefit. Then each subject performed a practice eFAST 
on both models while being observed by an investigator who 
provided real-time feedback. After all subjects completed both 
practice eFAST, subjects returned to the classroom before testing so 
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that investigators could manipulate the Blue PhantomTM models. 
Then, investigators tested each subject individually on the device 
they just trained, one eFAST per model. After all subjects tested, we 
provided an hour-long break for lunch before repeating the same 
sequence of events, except this time with the other US device. After 
the second iteration of training and testing, all subjects completed a 
survey in the classroom before being released from the study.

Outcomes
The primary outcome for our study was time to complete an 

eFAST in seconds. Time started when the subject touched the US 
transducer and ended when the medic stated the exam was complete 
or when the maximum allotted time of 600 seconds elapsed. We 
recorded incomplete exams (i.e., any of the five views were omitted) 
as the maximum time. We did not include incomplete exams or 
exams reaching the time limit in our time analysis. We selected 600 
seconds as the time limit based on the results of previous research on 
combat medics performing eFAST [14,18]. Our secondary outcomes 

included diagnostic accuracy, technical adequacy, and device ease-
of-use appraisals. For diagnostic accuracy, we only used the Blue 
PhantomTM models. We required participants to vocalize “normal” 
or “abnormal” in each of the five eFAST views. Study investigators 
assessed the participants’ responses as diagnostically correct 
or incorrect by comparing them to the preset Blue PhantomTM 
model conditions. We assessed technical adequacy by utilizing a 
modified version of an image quality checklist validated for FAST 
(Appendix 1) [14, 19]. An investigator watched a single participant 
conduct an eFAST and recorded performance of 22 total items. We 
assessed technical adequacy by total scores; however, in order for 
an eFAST to be considered technically adequate 9 of the 22 items 
(indicated by an asterisk; Appendix 1) had to be performed since 
they are considered critical to maximize the sensitivity of detecting 
abnormalities [14,19]. We used 5-point Likert items (1=most 
difficult, 5=easiest) to evaluate medic ease-of-use impressions 
between devices (Appendix 2). We utilized survey questions 
validated in previous research on medical eFAST performance [14].

Appendix 1:  Task Specific Checklist used to evaluate Technical Adequacy.
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Appendix 2:  Survey used to assess End-user Device Ease-of-use.

Statistical Analysis

We utilized JMP Pro®, Version 14. (SAS Institute Inc., Cary, NC) 
to analyze study data. We used a t-test to analyze study data and 
for crossover effects. We report continuous variables as means 
with standard deviations and ordinal data as proportions with 
95% confidence intervals. We defined statistical significance as p 
<0.05. We performed pre-study power analysis with a beta of 0.80 
and alpha of 0.05 to detect a clinically meaningful difference of 30 
seconds between devices, utilizing a time for conventional eFAST 
completion derived from the results of previous research [14]. Our 
power analysis determined a sample size of 146 eFAST (73 per 
group) was required.

Results
From April to May of 2019, 40 combat medics volunteered. All 

40 were enrolled, none were excluded, and none withdrew early 
from the study. Most subjects were male (67.5%), less than 36 
years old (95.0%), in the grade E-4 or below (75.0%), and with 
less than 6 years of military service (82.5%) (Table 1). Subjects 
performed a total of 160 eFAST exams (80 novel, 80 conventional). 
Six of 160 (3.8%; # novel3 novel, #3 conventional) eFAST exceeded 
the time limit and were excluded from comparative time analysis. 
A total of 794 of 800 (99.25%) possible views were available for 
secondary outcome analysis. We found eFAST times between the 
novel and conventional devices were not statistically significant 
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(391 seconds [95% CI 364, 417] versus 352 seconds [95% CI 325, 
379]; p = 0.71) (Table 2). Diagnostic accuracy between devices 
did not differ significantly (91.5% [95% CI 86.9%, 96.0%] versus 
89.2% [95% CI 83.3%, 95.1%; p=0.57). And technical adequacy 
did not differ significantly between devices (75.0% [95% CI 63.5%, 
86.4%] versus 72.5 [95% CI 60.5%, 84.4%]; p=0.28). We did, 

however, find that subjects favored the image quality of the novel 
device (4.3 [95% CI 4.0, 4.5] versus 3.6 [95% CI 3.2, 3.9]; p<0.01), 
while preferring the conventional transducer (3.8 [95% CI 3.4, 4.1] 
versus 4.3 [95% CI 4.0, 4.6]; p=0.04) (Table 3). Analysis of crossover 
effects demonstrated the treatment effects observed were valid.

Table 1: Subject Demographics.

Characteristics [n (%)]  (n=40)

Gender 

Male 27 (67.5)

Female 13 (32.5)

Age (years) 

18-36 38 (95.0)

37-54 2 (5.0)

Grade

E2 6 (15.0)

E3 2 (5.0)

E4 22 (55.0)

E5 5 (12.5)

E6 4 (10.0)

E7 1 (2.5)

Years of Service 

0-2 21 (52.5)

3-5 12 (30.0)

6+ 7 (17.5)

Table 2: eFAST Time, Diagnostic Accuracy, and Technical Adequacy, by Device.

Novel Conventional p-value

Time (seconds) 391 
95% CI 364, 417

352
 95% CI 325, 379 0.71

Diagnostic Accuracy (%) 91.5 
95% CI 86.9, 96.0

89.2 
95% CI 83.3, 95.1 0.57

Technical Adequacy (%) 75.0 
95% CI 63.5, 86.4

72.5
 95% CI 60.5, 84.4 0.28

Table 3: Survey Results, by Device.

Ease-of-use… (Likert 1-5) Novel Conventional p-value

Transducer
3.8 

95% CI 3.4, 4.1

4.3 

95% CI 4.0, 4.6
0.04

GUI
4.3 

95% CI 4.0, 4.6

4.2 

95% CI 3.9, 4.6
0.61

Image Quality
4.3 

95% CI 4.0, 4.5

3.6 

95% CI 3.2, 3.9
<0.01

Device Overall
4.1 

95% CI 3.8, 4.3

4.1 

95% CI 3.9, 4.4
0.72

Confidence to Perform eFAST
4.2 

95% CI 3.9, 4.5

4.4 

95% CI 4.1, 4.6
0.31
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Discussion
In this study we evaluated combat medic performance and 

appraisal of device ease-of-use for eFAST. Subjects favored the novel 
device’s image quality and the conventional device’s transducer, 
while endorsing similar assessments for the GUI, device as a whole, 
and confidence to perform the eFAST. Time for eFAST completion, 
diagnostic accuracy, and technical adequacy did not differ between 
the novel and conventional devices. However, we did find that 
the majority of subjects completed diagnostically accurate eFAST 
in a timely manner. On average, combat medics completed the 
eFAST in less than 6.5 minutes with either device. This finding is 
consistent with the results of a previous, similarly designed study 
that also incorporated the novel transducer (but not GUI) [14]. 
The time in our study, however, is almost double that reported for 
out-of-hospital eFAST performed by physicians (3.5 minutes) [20]. 
The longer time we observed is likely explained by the difference 
in subjects between studies. Brun, et al.’s study incorporated 
emergency medicine physicians with US training and experience, 
while we enrolled US naïve combat medics who underwent a 
brief training intervention [20]. This difference in time may be 
of little clinical significance in the prehospital, combat setting 
where a positive eFAST may significantly reduce time to surgical 
intervention by expediting medical evacuation directly from the 
point-of-injury. Future studies with combat medics performing 
eFAST in a simulated combat environment may be beneficial. 
Combat medic eFAST diagnostic accuracy was approximately 90% 
with both devices, despite technical adequacies of roughly 74%. 
Both of these findings are consistent with the results of a previous 
study for combat medic performed eFAST [14]. Previously published 
studies evaluating combat medic performance of soft tissue and 
pneumothorax US exams also demonstrated high diagnostic 
accuracies [10,11,13]. Our findings coupled with published data 
on combat medic US performance suggest combat medics possess 
the capacity to learn and perform clinically useful eFAST despite 
less-than-thorough technical evaluations. This, in turn, indicates 
sustained eFAST utility despite technical skill degradation [21]. 
Currently, the U.S. military does not offer US training and/or US skill 
sustainment for combat medics. Future studies assessing eFAST 
retention and knowledge gaps may enable development of training 
and sustainment programs for combat medics.

Novel medical devices may offer design benefits over existing 
options; however, the end-user’s operating environment, technical 
expertise, and clinical experience may negate these apparent 
advantages. We found that medics did not prefer the novel to the 
conventional device, except for image quality. Despite the unique 
design of the novel finger-worn, dual array transducer, medics 
reported that the conventional transducer was easier to use. During 
training and testing, we observed several medics remove the novel 
transducer from their right index finger and hold it in their hand 
instead. This most commonly occurred at the outset of the eFAST 
when the medic, standing on the patient’s right, began scanning the 

right upper quadrant of the abdomen because in order to place the 
high-frequency array in proper position the medic had to internally 
rotate their right upper extremity and direct the palm of their hand 
towards the ceiling. This awkward position could have been avoided 
by donning the transducer on the left index finger or standing on 
the patient’s left side or at the head of the bed; however, virtually all 
medics opted to hold the device with their right hand and remain in 
the same position relative to the patient throughout the eFAST. We 
suspect this awkward positioning while using the novel transducer 
donned on the finger partially explains the lack of preference for 
the novel device. Our findings suggest that either device may be 
employed by combat medics for eFAST.

Our study has several important limitations. First, the Blue 
PhantomTM model used to assess diagnostic accuracy does 
not replicate normal human physiology, such as respiration, 
diaphragmatic movement of the liver and spleen, and cardiac 
activity. Of particular importance, all lung examinations were 
abnormal since lung sliding was not possible and many medics 
likely recognized this. However, we required all subjects to visualize 
the pleural lining at three separate intercostal spaces on each side 
of the thorax and vocalize their findings, which may have reduced 
any artificial impact on time for eFAST completion. Furthermore, 
we incorporated living human models to overcome these 
simulation model shortfalls to measure time for eFAST completion. 
Second, our subjects performed eFASTs in a simulated aid station 
that does not mimic the far forward battlefield environment. 
Therefore, our findings likely do not translate to point-of-injury 
eFAST performance. However, we chose this setting to eliminate as 
many potential confounders as possible. Third, we did not require 
subjects to wear the novel transducer on the finger during its use. 
This limits the findings of our study as it pertains to its intended 
use as a finger-worn device; however, the manufacturer explicitly 
states the novel transducer can be held (not worn) based on 
user preference. Finally, subjects in our study came from a single 
U.S. Army installation and comprised entirely of combat medics. 
Consequently, our findings are not generalizable to the all medics in 
the US Army and sister services.

Conclusion
Combat medic eFAST performance across devices did not 

differ with respect to time to completion, diagnostic accuracy, and 
technical adequacy. Medics with limited US experience performed 
diagnostically accurate eFAST after a brief training intervention. 
Future research should assess learning gaps and skill retention in 
order to guide development of U.S. military US training programs 
for combat medics.
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The views expressed in this article are those of the authors and 

do not reflect the official policy or position of the Department of the 
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