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Abstract

Background: Ultrasound training is an essential part of residency programs during emergency medicine rotations for
first-year trainees (postgraduate year |). The Focused Assessment with Sonography for Trauma examination used to assess
for internal bleeding in trauma patients is one of the essential skills postgraduate year | residents must acquire during the
emergency medicine rotation.

Method: A prospective, longitudinal, observational study of postgraduate year | residents during a 2-month long emergency
medicine rotation conducted from | April 2019 to 31 May 2021. The primary outcome was the mean difference between
the hands-on Focused Assessment with Sonography for Trauma examination scores of the first week of the emergency
medicine rotation and the same hands-on Focused Assessment with Sonography for Trauma examination scores of the last
week of the emergency medicine rotation. All postgraduate year | residents had open access to the ultrasound machine to
practice examining on other postgraduate year | residents or could use it on real patients under supervision of emergency
medicine physicians.

Result: A total of 91 postgraduate year | residents (65 male and 26 female) were recruited and submitted to the hands-on
Focused Assessment with Sonography for Trauma test in both the first and last weeks of the rotation. The mean test score
for the postgraduate year | residents in the first week was 7.81 (standard deviation=2.11). The mean test score in the last
week was 16.17 (standard deviation=2.60). The primary outcome of this study was the score difference between the first
and last weeks (mean=8.35, 95% confidence interval =7.73 to 8.94, p <0.001, paired t-test).

Conclusion: Hands-on practical Focused Assessment with Sonography for Trauma training for postgraduate year | residents
during emergency medicine rotations significantly improved their Focused Assessment with Sonography for Trauma test scores.
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do not receive formal training in ultrasound examinations. In
Japan, all physicians are mandated to complete 2years of
accredited postgraduate clinical training since 2004 with
rotations in major clinical specialties, including EM, internal
medicine, pediatrics, surgery, and community-based prac-
tice.> The duration of the EM rotation is set at the discretion
of each hospital. The EM rotation of our institution is
2 months, and is mandatory for PGY1 residents.

There are multiple factors that may influence a resident’s
opportunity to gain experience with FAST training in real-
time emergency department (ED) setting, including seasonal
patient volume fluctuation, the actual pace of emergent care,
and the number of PGY 1 residents in a given rotation. Given
these barriers, it is not uncommon for PGY1 residents to
complete an EM rotation without acquiring adequate experi-
ence with real patients. Therefore, we offered PGY1 resi-
dents unlimited opportunity to use the ultrasound machine
during their rotation for practice purpose. The EM rotation
provides an excellent opportunity for FAST training.®’” The
purpose of this study was to assess the effectiveness of live
patient-based FAST training for PGY1 residents within an
established EM rotation.

Methods

A prospective, longitudinal, observational study of PGY1
residents during EM rotations conducted from 1 April 2019
to 31 May 2021 (fiscal year 2019-2020) was performed.
Each rotation lasted 2months. The first hands-on FAST
examination was administered without prior lectures, so that
PGY1 residents would perform the FAST using the skill and
knowledge they had learned in medical school. After the first
test, all participating PGY| residents were given a standard-
ized list of key assessment parameters both verbally and
instructed interactively to ensure consistency in the teaching
points in the first week of the rotation. Although simulation-
based training showed better performance than training
without simulation in diagnostic ultrasound scanning on real
patients,® PGY1 residents used the ultrasound machine for
real patients only.

The ultrasound machine used in the emergency room was
a GE LOGIQ E9 XDclear 2.0 ultrasound machine (GE
Healthcare, Wauwatosa, WI, USA), and the PGY1 residents
could use the machine on real patients under the supervision
of attending EM physicians or on other PGY1 residents
freely without supervision. Supervised FAST exams were
interactive in nature that allow immediate feedback. IfPGY'1
residents had trouble displaying appropriate image or placed
probe in inappropriate position or angle, attending EM phy-
sician corrected them as error occurred. The instructor
recorded all scoring in real time. This study was conducted at
an academic university hospital and received approval from
the Institutional Review Board (2767) with written, informed
consents obtained from all participants.

Participants

The participants were first-year rotating residents (PGY1)
(n=91) in the EM rotation at an academic university hospital
during 2019-2020 fiscal year. Table 1 lists the identified spe-
cialty of interest at the time of the rotation of the PGY1 resi-
dents. They were divided into three groups: (1) Internal
Medicine Group, (2) Surgery Group, and (3) Others Group.
The Internal Medicine Group included cardiology, gastroen-
terology, respiratory medicine, nephrology, neurology,
hematology, and rheumatology. The Surgery Group included
cardiovascular surgery, thoracic surgery, gastroenterological
surgery, breast and endocrine surgery, orthopedic surgery,
neurosurgery, obstetrics and gynecology, urology, and EM.
The Others Group included pediatrics, anesthesiology, oph-
thalmology, otorhinolaryngology, dermatology, plastic sur-
gery, radiology, and psychiatry.

To preserve consistency and reproducibility, the simu-
lated patient was the same in both the first and last weeks of
the rotation, which reduces the bias due to individual ana-
tomical differences. A healthy human model can provide
good interpretation of normal anatomical landmarks, but this
model does not provide abnormal findings.’ A letter of infor-
mation was provided to PGY1 residents, which included the
elements of informed consent.

Assessment

An 18-item, hands-on performance check list (total
score=21) was developed to assess medical students’ skills
on the FAST exam (Figure 1).!° The items and content on the
test had been used previously and the copyright holder per-
mitted us to use the score sheet.!® The test was administered
to PGY1 residents individually in the first and last weeks of
the EM rotation under the supervision of the principal inves-
tigator. The test was conducted individually in a separate
room without any cue from the proctor (principal investiga-
tor), and other PGY1 residents were not allowed to observe
the testing or contact the PGY'1 resident that had just com-
pleted the test to prevent perceived advantage. During the
second FAST performance test at the last week of the rota-
tion, PGY 1 residents were asked to recall the total number of
hands-on FAST exams each has performed during their EM
rotation. Participation by PGY1 residents was voluntary and
did not impact their academic status within the program.
After finishing 2 months of the EM rotation, each PGY1 resi-
dent was assessed by three Third-Year EM residents (PGY3)
using a three-item survey to gauge their Clinical Attitude,
Knowledge, and Skills for EM, and Positive Participation in
EM practice on a scale of 1-5, with 5 being the highest.!!:!
Clinical Attitude assessed professionalism, and was evalu-
ated based on PGY1 resident’s regular interaction with the
patient, wearing appropriate attire, and showing respect for
the patient. Knowledge and Skills were evaluated based on
display of medical knowledge and competency of critical
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Focused Assessment with Sonography for Trauma score sheet
Yes (1) No (0)
Peristernal Cardiac (4 points)
Correct probe orientation(indicator to right shoulder) 1 0
Image anatomy
Heart Identified 1 0
Pericardial sac identified 1 0
Aorta identified 1 0
Right Upper Quadrant (5 points)
Correct probe orientation(indicator towards head) 1 0
Image anatomy
Diaphram identified 1 0
Morrison's Pouch identified 1 0
Tip of Liver identified 1 0
Inferior pole of right kidney identified 1 0
Left Upper Quadrant (5 points)
Correct probe orientation(indicator towards head) 1 0
Image anatomy
Diaphram identified 1
Subphrenic space identified 1 0
Splenorenal recess identified 1 0
Inferior pole of right kidney identified 1 0
Pelvic (4 points)
Correct probe orientation for transverse(indicator to right) 1 0
Correct probe orientation for sagittal(indicator towards head) 1 0
Image anatomy
Bladder identified 1 0
Pouch of Douglas identified (Rectouterine, Retrovescicular) 1 0
Total time 0:00-2:00 (3 points) 3
Total time 2:01-4:00 (2 points) 2
Total time 4:01-6:00 (1 point) 1
Total time >6:00 (0 point) 0
Total points (0-21 points)

Figure |. Focused Assessment with Sonography for Trauma score sheet.
An [8-item, hands-on performance test (total score=21) was developed to test medical students’ skills on the FAST exam.

skills such as venipuncture during cardiac arrest. And
Positive Participation in EM was assessing teamwork attrib-
ute as it evaluated not only PGY 1°s performance of EM tasks
but also participation in other clinical practice such as help-
ing PGY3 residents.”> The survey results are presented in
Tables 1 and 2.

Statistical analysis

The primary outcome was the mean difference between the
hands-on FAST examination scores of the first week of the

EM rotation and the same hands-on FAST examination
scores of the last week of the EM rotation. The subgroup
analysis included factors affecting the change in the score
using simple and multiple linear regression analyses. The
same instructor and simulated patient were used for both
hands-on performance tests of the study.

Values were reported as mean values and standard devia-
tion (SD) for continuous variables, and as frequencies with
percentages for categorical variables. Fisher’s exact test was
used for categorical variables. For the primary analysis, a
paired ¢-test was used to examine differences in the hands-on
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Table |. Demographic characteristics of the postgraduate year | residents.

Resident’s identified specialty of interest at the time of Fisher’s
rotation exact test
Internal Surgery® Others©
medicine®
Sex 0.398
Female I 5 10
Male 22 22 21
Rotation Group 0.271
April to May 2019 0 4 3
June to July 2019 I 3 2
August to September 2019 I 3 |
October to November 2019 I | 3
December 2019 to January 2020 2 0 3
February to March 2020 4 I |
April to May 2020 6 I |
June to July 2020 2 3 3
August to September 2020 I 4 3
October to November 2020 3 2 3
December 2020 to January 2021 5 2 |
February to March 2021 5 | 3
April to May 2021 2 2 4
Evaluation® 0.456
| 4 | 3
2 5 4 |
3 10 12 16
4 12 9 I
5 2 | 0

?Internal medicine includes cardiology, gastroenterology, respiratory medicine, nephrology, neurology, hematology, and rheumatology.

®Surgery includes cardiovascular surgery, thoracic surgery, gastroenterological surgery, breast and endocrine surgery, orthopedic surgery, neurosurgery,
obstetrics and gynecology, urology, and emergency medicine.

‘Others include pediatrics, anesthesiology, ophthalmology, otorhinolaryngology, dermatology, plastic surgery, radiology, and psychiatry.

9Evaluation category means the average score assigned by three third-year EM residents for a three-item survey regarding their clinical attitude, knowl-
edge and skill for EM, and positive participation in EM practice on a scale of 1-5, with 5 being the best; | means the average score was greater than or
equal to |, less than 2; 2 means the average score was greater than or equal to 2, less than 3; 3 means the average score was greater than or equal to 3, less
than 5; 4 means the average score was greater than or equal to 4, and less than 5; 5 means the average score was 5.

Table 2. Test results and evaluation of the postgraduate year | residents.

Resident’s identified specialty of interest at the time of rotation

Internal medicine Surgery Others p-value
First week
Mean score (95% ClI) 7.97 (7.21 to 8.73) 8.15 (7.29 to 9.01) 7.35 (6.69 to 8.02) 0.573
Last week
Mean (95% Cl) 16.67 (15.88 to 17.46) 15.88 (14.76 to 17.01) 15.87 (14.92 to 16.82) 0.456
Difference
Mean (95% Cl) 8.70 (7.67 to 9.73) 7.65 (6.72 to 8.59) 8.52 (7.40 to 9.63) 0.376
Evaluation®
Clinical attitude
Mean (95% Cl) 3.70 (3.28 to 4.12) 3.86 (3.49 to 4.23) 3.71 (3.32t0 4.10) 0.483
Knowledge and skill
Mean (95% Cl) 3.36 (3.0l to 3.72) 3.25 (2.93 to 3.56) 3.18 (2.91 to 3.46) 0.239

(Continued)
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Table 2. (Continued)

Resident’s identified specialty of interest at the time of rotation

Internal medicine Surgery Others p-value
Positive participation
Mean (95% ClI) 3.44 (3.00 to 3.88) 3.67 (3.30 to 4.03) 3.51 (3.13 to 3.88) 0.289
Total
Mean (95% ClI) 3.50 3.11 to 3.89) 3.59 (3.27 t0 3.91) 3.47 (3.15t0 3.78) 0.195

Cl: confidence interval.

2Evaluation means that each PGY | was assessed by three third-year EM residents (PGY3) with a three-item survey regarding their clinical attitude,
knowledge, and skill for EM, and positive participation in EM practice on a scale of |5, with 5 being the best.

FAST examination scores between the first week and the last
week of the rotation. A subgroup analysis according to the
three groups of the Identified Specialty of Interest at the time
of the EM rotation of the PGY1 residents was performed,
and the differences in the hands-on FAST examination scores
were compared among the identified specialties of interest
with multiplicity adjustment using Dunnett’s Method. The
relative effects of baseline characteristics (Subphrenic Space
Identified on the Left Side, Correct Probe Orientation on the
Right Side, and the Identified Specialty of Interest) on differ-
ences in the hands-on FAST examination scores over the
2months were examined using a simple and multiple linear
regression models. The potential influence by group and
number of hands-on FAST examinations performed during
EM rotation were also examined using multiple linear regres-
sion models.

All tests were two-tailed, with p <0.05 considered sig-
nificant. All analyses were performed with STATA (version
16.1; Stata Corp., College Station, TX, USA).

Results

A total of 91 PGY 1 residents (65 male and 26 female) were
recruited, and 90 residents (64 male and 26 female) com-
pleted the hands-on FAST test in both the first and last weeks
of the rotation (Table 1). One participant was lost to follow-
up due to missing last week FAST test. There were no sig-
nificant differences in residents’ identified specialties by sex,
group, and evaluation (p=0.398, p=0.271, and p=0.456,
respectively, Fisher’s exact test; Table 1). All PGY1 resi-
dents knew FAST, but the great majority have not performed
FAST exam during medical school or before EM rotation,
and only two PGY1 residents have performed FAST exam
twice prior to joining EM rotation.

The mean test score for the PGY1 residents in the first
week was 7.81 (SD=2.11). The mean test score in the last
week was 16.17 (SD=2.60). The primary outcome of this
study was the score difference between the first and last
weeks (mean=28.35, 95% confidence interval (CI)=7.73 to
8.94, p<0.001, paired z-test).

The subgroup analysis by Identified Specialty of Interest at
the time of the EM rotation showed there was no significant

difference among the three groups in the FAST test results at
the first week and the last week (Table 2 and Figure 2).

Simple linear regression analysis showed that two items
of the first week “Correct Probe Orientation (indicator in
cephalad direction) on the Right Side” and “Correct Probe
Orientation (indicator in cephalad direction) on the Left
Side” were inversely correlated with the primary outcome
(beta coefficient (BC)=-2.10, 95% CI=-3.49 to —0.71,
p=0.003 and BC=-1.62,95% CI=-3.07to —0.18, p=0.028,
respectively). However, the same items in the last week were
not predictive. Simple linear regression analysis also showed
that two items in the last week “Splenorenal Recess
Identified” and “Subphrenic Space Identified” were positive
predictive factors for the primary outcome (BC=4.12, 95%
CI=2.69 to 5.55, p<0.001 and BC=3.07, 95% CI=1.62 to
4.51, p<0.001, respectively), but the same items in the first
week were not predictive.

Evaluation by PGY3 residents also confirmed positive
predictive factor for the primary outcome (BC=0.85, 95%
CI=0.24 to 1.47, p=0.007), but the number of hands-on
FAST exams performed during EM rotation was not related
to the primary outcome (BC=0.11, 95% CI=-0.03 to 0.25,
p=0.115). The results of multiple linear regression analysis
are provided in Table 3. “Correct Probe Orientation (indica-
tor in cephalad direction) on the Right Side” in the first week
and “Subphrenic Space Identification” in the last week were
good prognostic factors for the primary outcome. Insofar as
the timing of EM rotation, with respect to the Lowest Score
Group (October to November 2019), the Highest Score
Group (February to March 2020) demonstrated significantly
higher association with the primary outcome (BC=3.92,
95% CI=0.73 to 7.11, p=0.017); however, the number of
hands-on FAST exams performed during EM rotation was
not associated with the primary outcome (BC=0.04, 95%
CI=-0.10t0 0.18, p=0.545).

Discussion

Hands-on practical FAST training for PGY1 residents
improved their FAST test scores significantly during their
2-month long EM rotation. The average score of each rota-
tion group was nearly identical; however, the highest score
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Figure 2. Violin plot of FAST score for each resident’s identified specialty of interest at the time of rotation.

The white dot represents the median, the thick color bar in the center represents the interquartile range (IQR), and the thin line in the center repre-

sents the rest of the distribution.
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Table 3. Results of multiple linear regression analysis.

Beta p-value 95% confidence
coefficient interval
Correct Probe Orientation (indicator toward head) on the Right Side -1.71 0.032 —-3.27to —0.15
Subphrenic Space Identified on the Left Side 2.74 <0.001 1.27 to 4.21
Group
October to November 2019 Reference
April to May 2019 1.34 0.361 -1.56 to 4.24
June to July 2019 0.78 0612 -2.26 to 3.82
August to September 2019 1.18 0.466 —2.04 to 4.40
December 2019 to January 2020 091 0.565 -2.22 to 4.04
February to March 2020 3.92 0.017 073 to 7.11
April to May 2020 -0.16 0913 -3.15t0 2.82
June to July 2020 -0.01 0.996 -2.83 to0 2.82
August to September 2020 0.65 0.65 -2.19 to 3.49
October to November 2020 0.27 0.854 -2.6l1 to 3.14
December 2020 to January 2021 -0.36 0.809 -3.33 to 2.6l
February to March 2021 2.32 0.119 -0.61 to 5.25
April to May 2021 1.45 0.316 -1.41 to 4.31
Resident’s Identified Specialty of Interest at the time of rotation
Internal medicine group Reference
Surgery group -0.48 0.507 -1.92 to 0.96
Others group -0.15 0.827 —-1.55to .24
Number of hands-on FAST exam 0.04 0.545 -0.10t0 0.18

FAST: Focused Assessment with Sonography for Trauma.

“Subphrenic Space Identified on the Left Side” was performed in the last week. “Correct Probe Orientation (indicator toward head) on the Right Side”

was performed in the first week.

group achieved significantly higher primary outcome than
the lowest group. Paradoxically, the number of hands-on
FAST exams performed during EM rotation was not associ-
ated with the primary outcome. Some PGY 1 residents tried
to prepare for the last week performance test even though
they had not performed any hands-on FAST exam during
EM rotation. To discourage this potential scenario, we
emphasized FAST test scores would have no impact on
PGY1 residents’ academic status within the program, and
participation by PGY1 residents was entirely voluntary.
Timing of EM rotation group seemed to affect the FAST test
score (Table 3 and Figure 3). The 2-year mandatory post-
graduate clinical training traditionally starts in April; thus,
February to March groups tended to achieve better scores
than the earlier EM rotation groups because those PGY1
residents were more accustomed to practice in the emer-
gency room setting with accrued clinical experience, and
could use the ultrasound machine more confidently in
February and March (end of academic year). The Identified
Specialty of Interest at the time of the rotation by the PGY1
residents might also affect the FAST test score. The PGY1
residents who chose internal medicine as their specialty
tended to have slightly better scores than the other two spe-
cialty groups, although the difference was not significant. It
was not possible to determine the reason why PGY1 resi-
dents of the Surgery Group were not superior to the other
two groups, even though the surgical residents were expected

to learn FAST.' One of the reasons might be that our hospi-
tal only accepted a small number of trauma patients.

Simple and multiple linear regression analysis showed
that two items (Correct Probe Orientation (indicator in ceph-
alad direction) on the Right and Left Sides) in the first week
were inversely correlated with the primary outcome. PGY1
residents who could perform Correct Probe Orientation
(indicator in cephalad direction) bilaterally tended to show
high scores in the first week, and, thus, they could not
improve their score in the last week. For the same reason,
two items (Splenorenal Recess Identification and Subphrenic
Space Identification) in the last week were difficult to per-
form, and these positions were the key for a high score. Thus,
some PGY1 residents who could not perform correct probe
positioning in the first week could eventually perform both
Splenorenal Recess Identification and Subphrenic Space
Identification showed higher scores. Multiple linear regres-
sion analysis showed that PGY! residents who failed
“Correct Probe Orientation (indicator in cephalad direction)
on the Right Side” in the first week, who could perform
“Subphrenic Space Identification” in the last week tended to
have a higher primary outcome (Table 3). EM physicians
should consider that the left side of the patient is more diffi-
cult when performing FAST exam for PGY1 residents.

This study has several limitations. First, the Identified
Specialty of Interest at the time of EM rotation of the PGY'1
residents was divided arbitrarily into three groups. Surgical
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specialties in our category have more opportunity to see
trauma patients in the emergency room, whereas Internal
Medicine and Others do not to see trauma patients, and
Internal Medicine physicians utilize ultrasound more often
in their basic practice; therefore, we believe these classifica-
tions were reasonable. Second, the number of PGY1 resi-
dents was small, especially the number of female residents;
thus, sex was not considered as a predictor of FAST perfor-
mance. Third, all PGY'1 residents had advanced notice they
would take the second test in the last week of their rotation;
therefore, some residents might have practiced FAST just
before the test, which might have affected their scores. Some
residents whose second test scores were higher than average
failed to perform FAST adequately for real trauma patients
after their EM rotation; therefore, additional FAST perfor-
mance evaluation of PGY1 residents should be implemented
after the EM rotation to ascertain their true competency.
Fourth, practical training was not standardized and the bias
of different approaches of the residents might have contrib-
uted to variance. Our goal in this study is to assess the effec-
tiveness of live patient-based unstandardized practical
training for PGY1 residents; therefore, this bias was thought
to be acceptable. Fifth, this study was an observational study
in design; therefore, sample size was not calculated. Finally,
recall bias of accurate total number of hands-on FAST exam
was inevitable. Hence, we asked other PGY residents to con-
firm their total number of hands-on FAST exams.

Conclusion

In conclusion, practical FAST training for PGY1 residents
during the EM rotation significantly improved their FAST
test scores. PGY1 residents should learn and become facile
with FAST exam during the EM rotation with attention paid
to acquire proficiency scanning patients’ left side since it is
technically more-challenging side.
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