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ABSTRACT

Introduction: Urology residents are encouraged to learn ultrasound (U/S) imaging, yet there are few tools available for
teaching and assessing a resident's competence. The aim of this study was to test the new SonoSim LiveScan® and to
propose a competency-based assessment model for the urology graduate medical education.

Materials and Methods: Urology residents attended an interactive training session covering the urological U/S techniques
guided by the assessment model developed by the authors. Faculty members evaluated the residents using defined
objectives, and the residents were surveyed on their comfort level for performing each of the model tasks. A subset of
the residents then underwent a structured testing using the SonoSim LiveScan device 6 months following the training.
The model developed assessed: general U/S setup, structure identification, and pathologic clinical scenarios.

Results: The residents felt most comfortable in identifying the bladder (4.73/5) and the kidneys (4.53/5) during the training
sessions. They felt least comfortable while testing for total ureteric obstruction (3.13/5). All the residents were confident
that additional U/S training sessions would improve their comfort level in performing the assessed objectives. Resident's
assessment performed at 6 months had a median test score of 15.5/20 and the assessment scores increased with resident
seniority. Self-reported comfort, however, did not seem to correlate with seniority. In general, the residents felt that
the SonoSim device was highly functional (4.4/5) and the pathologic assessments in particular were very helpful (4.4/5).
Conclusions: Through pilot testing, we propose that a competency-based assessment used with the SonoSim LiveScan
could guide the resident's education through the acquisition of U/S skills and warrants testing in a larger cohort.

pertaining to the U/S training in the residency program.
Beginning July 2012, the Urology Residency Review
Committee of the Accreditation Council for Graduate

Ultrasound (U/S) is commonly used in the field
of urology, and it is often the first-line imaging
examination in obtaining or confirming a diagnosis.
It can be used to evaluate a variety of urological
pathologies, including those involving the kidney,
bladder, prostate, genitalia, or the pelvic floor, and
has the added benefit of being safe and cost-effective
relative to the other imaging modalities.!" Despite the
recognized importance of familiarity with U/S in the
urological practice, there are only a few requirements
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Medical Education (ACGME) requested the residents’ to log
cases involving urologic U/S procedures, but the only index
case with a minimum requirement is the transrectal U/S for
prostate biopsy (25 cases)./?! The Urology Milestone project
also lists interpretation of the office-based genitourinary U/S
as a metric for evaluating residency competency but fails to
detail how to assess the residents.! In practice, 43% of the
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practicing urologists perform nonprostate U/S;!*! therefore,
residents should receive structured training in U/S so that
they are prepared to perform a variety of procedures.

Other specialties, such as emergency medicine and obstetrics
and gynecology, have developed detailed objectives and
criteria to guide U/S training and assessment during the
residency.>® While there are many recommendations
and generalizations about the urological U/S technique,
to the authors’ knowledge, there is no standardized list of
objectives to evaluate the residents’ U/S ability in the field
of urology. Utilization of simulators has been limited outside
of the emergency situations and prostate biopsy."® Testing
the knowledge of the trainees will require more than the
documentation of normal anatomy and maneuvering the
common artifacts. Therefore, the purpose of this study was
to develop a competency-based assessment for urological U/S
procedures and test its usefulness in the residency training
using the SonoSim LiveScan®, an U/S simulation device.

MATERIALS AND METHODS

This study was reviewed and approved by our institutional
review board with a waiver of informed consent.

Development of assessment guidelines

The American Institute of Ultrasound in Medicine (ATUM)
collaborated with the American Urological Association (AUA)
to develop parameters for U/S examination in the urologic
practice.”) The parameters included specifics for kidney and
bladder examination, which were used in part to design
the assessment guidelines used in this study. This included
obtaining longitudinal (long axis) and transverse views of
the kidney, measuring the kidney, assessing the kidney
for abnormalities, and measuring the bladder volume. The
other competencies were determined using the U/S training
recommendations created by the United Kingdom’s Royal
College of Radiologists (RCR).'"” In addition to the objectives
outlined in the AIUM parameters, the RCR recommended
urology trainees to be able to evaluate the liver, recognize
and assess the degree of hydronephrosis, and use the color
Doppler to assess ureteric jets. The remaining objectives
were determined by the urology faculty based on their
clinical experiences.

Equipment

The SonoSite M-Turbo U/S system (Fujifilm, Bothell,
WA, USA) is a mobile U/S unit stored at our Center
for Clinical U/S Training facility. The SonoSim (Santa
Monica, CA, USA) is an U/S training platform that uses
real sonographic images imported to a screen for viewing,
while the probe is detected in space [Figure la]. The
SonoSim LiveScan® replicates pathology seen using an
actual U/S probe so that we can scan human models or
mannequins. Radiofrequency identification (RFID) tags
are applied to particular anatomic locations designated for
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Figure 1: (a) SonoSim LiveScan® simulates real pathologies on manikins and
live volunteers for teaching the integration of ultrasound findings into clinical
decision-making. Credit: SonoSim, Inc. (b) representative images from the
SonoSim live pathology session: bladder stone, (c) representative images from
the SonoSim live pathology session: hydronephrosis, (d) representative images
from the SonoSim live pathology session: polycystic kidney

scanning. When the U/S probe is placed on the RFID tag,
a video of U/S images obtained from a real patient plays
on the screen. The images may depict normal anatomy or
pathologic conditions depending on the goal of the training
session [Figure 1b-d]. Motion-sensing technology detects
the position of the probe and changes the image based
on the user’s movements, allowing the user to practice
scanning through the pathologic images.

Survey and data collection

The urology residents were taught at the Center for Clinical
U/S Education at our institution using the SonoSite M-Turbo
U/S system. The session began with an introduction to U/S
physics and knobology and then addressed the items listed
in the assessment guidelines. The residents were given
30 min to practice the various tasks before being evaluated
by the faculty members on their ability to complete them.
After the training session, the residents completed a 5-point
Likert questionnaire to report their comfort in performing
individual portions of the U/S scan [Table 1].

Creation and application of the skill test

We chose areas of probe identification and basic utilizations
skills (questions 1 and 2), knobology (questions 3-6), and
pathology identification (question 7 a—h). There are a
variety of tools for testing, but most of these seem to be
specialty specific or targeted for the U/S technologists.!'!!
The total possible score for our assessment tool was 20.
Six months after the initial training session, the residents
underwent structured U/S testing using the SonoSim device
to perform general U/S setup, structure identification,
and clinical scenarios including pathology. The residents
were unaware that they would be tested that day and
completed a 5-point Likert questionnaire to report their
assessment of their performance as well as the utility of
the SonoSim [Table 2].
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Table 1: Distribution of comfort level in performing competency-based objectives (n=15)

Objective Extremely Uncomfortable Neutral Comfortable Extremely Mean Likert
uncomfortable comfortable Score
1. Understanding the principles of U/S technology for 0 1 1 12 1 3.87
clinical use
2. Identifying the bladder 0 0 0 4 " 4.73
3. Measuring bladder volume 0 0 2 7 6 4.27
4. Noting artifacts such as posterior acoustic enhancement 0 1 ® 8 1 3.60
5. Using color flow mode to identify ureteric jets 0 0 S 9 3 4.00
6. Testing for total ureteric obstruction 0 4 6 4 1 3.13
7. ldentifying the kidneys 0 0 0 7 8 4.53
8. Measuring the kidney (longitudinal and transverse) 0 0 0 8 7 4.47
9. Distinguishing the ureter 0 1 & 1 0 3.67
10. Determining the presence of hydronephrosis 0 0 0 10 5 4.33
11. Identifying the liver 0 0 0 8 7 4.47
12. Identifying the spleen 0 0 0 10 5 4.33
U/S: Ultrasound
Table 2: Resident assessment of SonoSim testing session 1. Select the correct probe
(n=6) 2. fifst selectiqn ) )
Survey Question Mean Likert (1) tg;dntoot Lr‘;z:eﬂrSt then noticed
score
; — — 2. Name the probe
How prepared did you feel? (1=very unprepared, 5=very 2.8 1 Tzstis = Linear Yes/No
prepared)
HO\III\; well did you feel you performed? (1=poorly, 5=very 3.2 2. Kidney/bladder = Curvilinear Yes/No
we
How did this training session compare to standard 3.6 3. Prostate = transrectal probe Yes/ No
sessions? (1=much less informative, 5=much more ) o ) )
informative) 3. Mess turn the gain as very Iovg but still visible - see if they notice and adjust
How fair did you feel the questions were? (1=very unfair, 4.4 2. fNote the gain immediately
- : ’ : 1. Alter the gain at some point
5=very fair) 0. never alter the gain
Functionality of SonoSim (1=poor, 5=excellent) 4.2
How realistic was the simulation in representing 4 4. Locate Kidney with correct indicator placement
pathologic findings? (1=very unrealistic, 5=very realistic) 2. Head and Right
How well did the session simulate real-life scenarios? 4 1. one correct
0. none correct
1=poorly, 5=very well)
How helpful was the pathology for learning U/S 4.4 5. Rib Shadowing
utilization? (1=very unhelpful, 5=very helpful) 1. Yes
How likely are you to recommend SonoSim incorporation 3.8 0. No
for training? (1=very unlikely, 5=very likely)
6. Depth

U/S: Ultrasound

RESULTS

Training session evaluation of skills

Out of the 20 urology residents, 15 (75%) attended the
interactive session. Assessment by the faculty members
using the created guidelines [Figure 2] showed that the
majority of the residents were able to perform the tasks on
the testing sheet aside from adrenal identification.

Training session post survey

Fifteen residents completed the questionnaire. One resident
completed the questionnaire but did not attend the session.
Respondents ranged from postgraduate year (PGY)-1
to Urology year 4 (U4). As assessed with the Likert scale, most
of the residents felt confident in their understanding of the
principles of U/S technology for the clinical use (mean Likert
3.87/5, range 2-5). The majority of the residents (11/15, 73%)
reported an exposure to U/S education in medical school,
and the individual who was not confident in the principles
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2. first selection
1. tried to use it first then noticed
0. Did not notice

7. ldentify pathology (give 30 sec to scan)

a. Hydronephrosis Yes/No
b. Normal Kidney Yes/No
c. Bladder Stone Yes/ No
d. Dilated ureter/UVJ stone Yes/No
e. Polycystic kidney disease Yes/No
f. Uterus Yes/No
g. Adrenal Mass Yes/No
h. Normal Bladder Yes/No

Score / 20

Figure 2: Proposed competency-based assessment tool used to guide teaching
sessions and to objectively evaluate urologic ultrasound skills in the subsequent
sessions

of U/S technology did not have an exposure to U/S education
prior to the residency.

The residents felt most comfortable in identifying the
bladder (4.73/5) and the kidneys (4.53/5). They also reported
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comfort in identifying the liver (4.47/5), measuring the
kidney in the longitudinal and transverse planes (4.47/5),
identifying the spleen (4.33/5), and determining the
presence of hydronephrosis (4.33/5). The residents were
less comfortable in measuring the bladder volume (4.27/5,
range 3-5) and using the color flow mode to identify the
ureteric jets (4.0/5, range 3-5). They were least comfortable
in performing the following tasks: distinguishing the
ureter (3.67/5, range 2-5); noting artifacts such as posterior
acoustic enhancement (3.60/5, range 2-5); and testing for
total ureteric obstruction (3.13/5, range 2-5). Stratifying the
data into junior (PGY-1, U1, and U2) and senior residents (U3
and U4) demonstrated that the junior residents were less
comfortable in completing the last three objectives than
the residents in U3 and U4. In addition, residents who had
received U/S education in medical school were slightly more
comfortable meeting the U/S objectives overall (4.14/5) as
compared to those who did not learn U/S techniques in the
medical school (4.04/5). All the residents were “confident”
or “extremely confident” that additional training sessions
would improve their comfort in performing the U/S tasks.

Assessment of content retention

Six residents (training experience ranging from U2 to U4)
were tested using the SonoSim LiveScan device with a
median test score of 15.5/20 and a range of 13-19. Resident
selection was limited by their availability and the access
to the SonoSim device. All the residents first adjusted the
scanning depth before using the probe, and all of them
identified rib shadowing, hydronephrosis, normal kidney,
and normal bladder. Most were able to identify polycystic
kidney, dilated ureter, bladder stone, and uterus. None of
the residents correctly identified the adrenal mass pathology.
The assessment scores increased with resident seniority:
the median score for junior residents was 13, whereas
the median score for senior residents was 17 [Figure 3].
Self-reported comfort, however, did not seem to correlate
with seniority. On an average, the residents reported feeling
unprepared for the testing session (2.8/5, range 1-4), with
senior residents feeling more prepared than the junior
residents; however, the residents as a whole felt that they
performed neither above nor below the average with no

Ultrasound Testing Score by Year

2 3 3 4 4 5

Level of Training (Years in Urology Training)

Skill Score
= = N
w o (9] o

o

Figure 3: Residents’ individual ultrasound testing scores as determined using
the competency-based assessment tool
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appreciable difference between the junior and the senior
residents’ responses (3.2/5, range 3—4). The residents felt that
the questions were fair (4.4/5) and judged the functionality
of the SonoSim to be good (4.4/5). They felt that the session
simulated real-life scenarios well (4/5), that the pathology
was very helpful for U/S education (4.4/5), and said that
they would recommend the incorporation of the SonoSim
into the resident training program (3.8/5).

DISCUSSION

In this single-center evaluation study of a novel,
competency-based assessment for U/S training involving
15 urology residents ranging from PGY-1 to U4, we found
that the assessment tool allowed for objective evaluation of
the residents’ scanning abilities, that the SonoSim LiveScan
has face validity for urologic U/S simulation, and that the
residents were receptive to our instructional and testing
methods. Initial assessment showed that the residents
were able to complete all the tasks on the testing sheet
except adrenal identification. Although not all the residents
felt comfortable in performing the tasks, all the residents
agreed that further training sessions would improve their
confidence (Likert mean 4.47/5). A subsequent session
assessing six residents by the faculty using the SonoSim
LiveScan device showed that all the residents were
proficient in identifying rib shadowing, hydronephrosis,
normal kidney, and normal bladder. Most were able to
identify polycystic kidney, dilated ureter, bladder stone,
and uterus. None was able to correctly identify adrenal
mass pathology. This is not surprising as the residents had
difficulty in identifying the adrenals in the initial assessment
and there was no additional training before the simulation
assessment. This indicates that initial results could be used
to target areas of weakness during the subsequent training
sessions. As the seniority of the resident increased, so did
their SonoSim assessment score (median score 13/20 vs.
17/20). This suggests that performance on the simulator may
correlate with performance in the actual patient care, which
is consistent with the findings of the other studies exploring
the use of simulators in U/S education.'>!® Interestingly,
self-reported comfort level did not correlate with the
seniority of the residents. It is possible that with regular
interval assessment during the training, residents will be
better able to gauge their abilities, and their comfort level
will improve along with their experience level.

Clinical use of U/S without formal instruction is insufficient
for the residents to become competent in the point-of-care
U/S," 14 and the simulation-based training has been shown
to improve ultrasonography abilities considerably more
than the standard teaching methods.!'>!® Until recently,
however, high-fidelity simulation in U/S education had
been largely underutilized due to its high cost, limitations
in imaging quality, small size of the scanning sections, lack
of anatomical landmarks, inability to examine the moving
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objects, and the required presence of an experience teacher
for feedback.'18 With the improvement of the simulation
technology and the resolution of these problems, the use
of simulation has increased dramatically and is expected
to continue to grow.!”” Simulation-based U/S education
has the advantage of allowing the residents to practice a
realistic U/S examination in a low-risk environment, without
requiring an experienced physician to be present to provide
the feedback. Simulators also allow for the assessment
of competency, as cases can be standardized for all the
residents, and the resident education is further enhanced
by simulator-provided pathologies that may be rarely seen
in practice but must be learned nonetheless.” In the field
of urology, however, the majority of the studies involving
simulators focus on their role in learning to perform prostate
biopsies or to gain percutaneous renal access. For this reason,
we chose to evaluate the use of SonoSim LiveScan in imaging
a variety of urologic pathologies.

A review of U/S teaching methods showed an extensive
variety between and within the specialties, including a
structured 30-h course during intern orientation using
scanning models and simulators;?" a formal curriculum
integrated into didactics over the course of residency
with hands-on training;*” and a 3-h session covering
the basics of U/S and extended focused assessment with
sonography for trauma (EFAST) in a lecture followed by
a hands-on session.”® The vast difference in training time
and methodology reflects the lack of formal requirements
for the resident s U/S education. Although many specialties
are recognizing the growing importance of U/S education
in residency, only emergency medicine has recommended
the minimum requirements for the U/S curricula, as
outlined by the ACGME.?¥ In addition, the Council of
Emergency Medicine Residency-Academy of Emergency
U/S consensus document provides further guidelines for
the resident training including an introductory session
to ultrasonography, 2 weeks of a dedicated U/S rotation,
a minimum of 20 h of scheduled educational U/S sessions
throughout the residency, and at least 150 emergency
U/S examinations.® Curricula for emergency medicine
residency programs in the USA are varied,® but the
provided guidelines offer a framework for emergency
medicine programs to design a suitable U/S training program.
We sought to provide a similar framework for the field of
urology through the development of our competency-based
assessment tool. To the best of our knowledge, there have
been no other studies that created a tool that objectively
evaluates urologic U/S abilities, nor have there been any
that evaluate a curriculum for urologic U/S training.

Ultrasonography is a critical skill for the practice of urology,
as demonstrated by consistent enrollment in AUA U/S
courses” and by the training guidelines released by the
ATUM.E The AIUM proposes that the physicians who
evaluate and interpret urologic U/S must have completed a
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residency that includes a training in U/S after 2009. Specific
components of an U/S curriculum have not been described,
however. If they were not taught ultrasonography during
their residency, physicians must have performed at least
100 diagnostic urologic U/S examinations within the past
36 months to demonstrate proficiency in U/S. Despite this
minimum number for the practicing physicians, the ACGME
only requires residents to document 25 prostate U/S during
their training.”” There are no requirements for nonprostate
ultrasonography.

Standards are necessary in order to evaluate and compare
the levels of competency. Although there are recommended
guidelines for teaching urological U/S, there is no widely
accepted standard for evaluating performance during
the training. It is, therefore, unclear if the residents are
graduating with the recommended U/S skillset and even
more unclear what that skillset entails. By utilizing the
assessment tool developed in this study, urology residents
will have a better understanding of what a basic urological
U/S examination should include, and the programs will
have a more objective method to evaluate U/S competency.

Prior to the current study, we have had two urology
U/S training sessions per year since 2016. During the
general sessions, we discuss knobology and had human
subjects to practice kidney and bladder U/S. Our residents
enjoyed the additional standardized training sessions and
found the assessment to be useful. Therefore, we plan
to incorporate competency-based assessment using the
SonoSim LiveScan into the residency curriculum at least
every 6 months. However, a large missing piece of U/S
training is “in-the-field” use and documentation. Utilization
of handheld U/S devices with the ability to document and
log encounters with intermittent competency testing will
likely make the largest impact.

Our study is limited by the small sample size and will require
future studies to strengthen the validity of our results;
however, there remains a void of data regarding how to
incorporate U/S into urologic residency and test competency.
The assessment by residents was also based on their subjective
impressions. Of note, residents continued to perform U/S
examinations as a part of their clinical duties throughout the
course of this study, including kidney, bladder, and prostate.
The results of the SonoSim assessment may, therefore, be
confounded by residents’ ongoing training. In addition,
those results may be further influenced by attrition bias, as
only a subset of the available residents underwent assessment
on the SonoSim. Although this study proposes an itemized
assessment method, continued investigation is needed to
determine how performance during U/S training correlates
to the clinical performance. This study would also benefit
from the input of other institutions and leaders in the field
of urology around the world in determining what constitutes
competency, as there is currently no established score cutoff,
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and there may be disagreement regarding the objectives
that are assessed. Perhaps as the involvement increases, the
urology community can reach a consensus and expand this
competency-based assessment into a competency system for
a standardized U/S curriculum.

CONCLUSIONS

This study supports a valid method for objectively evaluating
urologic U/S skills among the residents using a novel
competency-based assessment tool and SonoSim LiveScan.
The training and testing sessions were well received by the
residents, objective assessment scores correlated with the
seniority of the residents, and the assessment objectives
provided a framework for urologic U/S education. The
combination of the assessment tool and SonoSim LiveScan
facilitates evaluating the residents’ ability to identify
pathological conditions throughout their training. Further
testing is needed to establish the content and construct
validity of the SonoSim LiveScan and to determine the
effect of the periodic assessment with this system on the
clinical performance.

REFERENCES

1. Goldenberg E, Gilbert BR. Office ultrasound for the urologist. Curr Urol
Rep 2012;13:460-6.

2. Case Log Information for Urology Programs, Review Committee
for Urology: Index Categories, Minimum Numbers, and Common
CPT codes (October 2018). Accreditation Council for Graduate
Medical Education Website. Available from: https:/www.acgme.org/
Portals/0/PFAssets/ProgramResources/480-Urology-Case-Log-Info.
pdf?ver=2018-10-19-104124-910. [Last accessed on 2019 Jan 11].

3. The Urology Milestone Project. Accreditation Council for Graduate
Medical Education Website. Available from: https:/www.acgme.org/
Portals/0/PDFs/Milestones/UrologyMilestones.pdf. [Last accessed on
2019 Jan 11].

4.  Rehfuss A, Nakada S, Pearle MS, Thrasher JB, Feustel PJ, Kogan BA. Use
of nonprostate ultrasound in urology practice. Urol Pract 2017;4:430-5.

5. Emergency Ultrasound Imaging Criteria Compendium. American
College of Emergency Physicians Website; 2014. Available from:
https://www.acep.org/globalassets/new-pdfs/policy-statements/
emergency-ultrasound-imaging-criteria-compendium.pdf. [Last
accessed on 2019 Feb 01].

6. Hall R, Ogburn T, Rogers RG. Teaching and evaluating ultrasound skill
attainment: Competency-based resident ultrasound training for AIUM
accreditation. Obstet Gynecol Clin North Am 2006;33:305-23, ix.

7. Farsoni S, Astolfi L, Bonfe M, Spadaro S, Volta CA. A versatile
ultrasound simulation system for education and training in high-fidelity
emergency scenarios. [EEE | Transl Eng Health Med 2017;5:1800109.

8. Fiard G, Selmi S, Promayon E, Vadcard L, Descotes ], Troccaz J.
Initial validation of a virtual-reality learning environment for prostate
biopsies: Realism matters! ] Endourol 2014;28:453-8.

9. American Institute of Ultrasound in Medicine, American Urological
Association. AIUM practice guideline for the performance of an
ultrasound examination in the practice of urology. J Ultrasound Med
2012;31:133-44.

10. Royal College of Radiologists. Ultrasound Training Recommendations
for Medical and Surgical Specialties. 3" ed. London: The Royal College
of Radiologists; 2017. p. 12-21.

11. Rebel A, Srour H, DiLorenzo A, Nguyen D, Ferrell S, Dwarakanatli S,

Indian Journal of Urology, Volume 36, Issue 4, October-December 2020

Rowley, et al.: Pilot study in urology ultrasonography training

et al. Ultrasound skill and application of knowledge assessment using
an innovative OSCE competition-based simulation approach. J Educ
Perioper Med 2016;18:E404.

12. Tolsgaard MG, Ringsted C, Dreisler E, Ngrgaard LN, Petersen JH,
Madsen ME, et al. Sustained effect of simulation-based ultrasound
training on clinical performance: A randomized trial. Ultrasound Obstet
Gynecol 2015;46:312-8.

13. Madsen ME, Konge L, Ngrgaard LN, Tabor A, Ringsted C,
Klemmensen AK, et al. Assessment of performance measures and
learning curves for use of a virtual-reality ultrasound simulator in
transvaginal ultrasound examination. Ultrasound Obstet Gynecol
2014;44:693-9.

14. Turner EE, Fox JC, Rosen M, Allen A, Rosen S, Anderson C.
Implementation and assessment of a curriculum for bedside ultrasound
training. ] Ultrasound Med 2015;34:823-8.

15.  Chao C, Chalouhi GE, Bouhanna P, Ville Y, Dommergues M. Randomized
clinical trial of virtual reality simulation training for transvaginal
gynecologic ultrasound skills. ] Ultrasound Med 2015;34:1663-7.

16. Ogilvie E, Vlachou A, Edsell M, Fletcher SN, Valencia O, Meineri M,
et al. Simulation-based teaching versus point-of-care teaching for
identification of basic transoesophageal echocardiography views:
A prospective randomised study. Anaesthesia 2015;70:330-5.

17.  Merz E. Ultrasound simulator-an ideal supplemental tool for mastering
the diagnostics of fetal malformations or an illusion?. Ultraschall Med
2006;27:321-3.

18. Blum T, Rieger A, Navab N, Friess H, Martignoni M. A review of
computer-based simulators for ultrasound training. Simul Healthc
2013;8:98-108.

19. Damewood SC, Lewiss RE, Huang JV. Ultrasound simulation utilization
among point of care ultrasound users: Results of a survey. J Clin
Ultrasound 2018;46:571-4.

20. Mendiratta-Lala M, Williams T, de Quadros N, Bonnett J, Mendiratta V.
The use of a simulation center to improve resident proficiency in
performing ultrasound-guided procedures. Acad Radiol 2010;17:535-40.

21. Schnobrich DJ, Olson AP, Broccard A, Duran-Nelson A. Feasibility and
acceptability of a structured curriculum in teaching procedural and
basic diagnostic ultrasound skills to internal medicine residents. J Grad
Med Educ 2013;5:493-7.

22. Schnobrich DJ, Gladding S, Olson AP, Duran-Nelson A. Point-of-care
ultrasound in internal medicine: A national survey of educational
leadership. ] Grad Med Educ 2013;5:498-502.

23. Nassour I, Spalding MC, Hynan LS, Gardner AK, Williams BH. The
surgeon-performed ultrasound: A curriculum to improve residents’
basic ultrasound knowledge. | Surg Res 2017;213:51-9.

24. The Emergency Medicine Milestone Project. Accreditation Council for
Graduate Medical Education Website. Available from: https:/www.
acgme.org/Portals/0/PDFs/Milestones/EmergencyMedicineMilestones.
pdf. [Last accessed on 2019 Jan 04].

25. Akhtar S, Theodoro D, Gaspari R, Tayal V, Sierzenski P, Lamantia J, et al.
Resident training in emergency ultrasound: Consensus recommendations
from the 2008 Council of Emergency Medicine Residency Directors
Conference. Acad Emerg Med 2009;16 Suppl 2:532-6.

26. Ahern M, Mallin MP, Weitzel S, Madsen T, Hunt P. Variability in
ultrasound education among emergency medicine residencies. West
J Emerg Med 2010;11:314-8.

27. Training Guidelines for Physicians who Evaluate and Interpret Urologic
Ultrasound Examinations. American Institute of Ultrasound in Medicine
Website. Available from: https://www.aium.org/resources/statements/
Urology_Statement.pdf. [Last accessed on 2019 Jan 07].

How to cite this article: Rowley KJ, Wheeler KM, Pruthi DK, Mansour AM,
Kaushik D, Basler JW, et al. Development and implementation of competency-
based assessment for urological ultrasound training using SonoSim: A
preliminary evaluation. Indian J Urol 2020;36:270-5.

275



