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Rationale and Objectives. The aim of the study is to evaluate the effectiveness of an Emergency Radiology (ER) Core
Curriculum training module and a Digital Imaging and Communications in Medicine (DICOM)-based interactive examina-
tion system to prepare first-year (postgraduate year 2 [PGY-2]) radiology residents and assess their readiness for taking
overnight radiology call.

Materials and Methods. Institutional review board approval was obtained, and the study was compliant with Health In-
surance Portability and Accountability Act (HIPAA) regulations. A dedicated month-long ER curriculum was designed to
prepare new radiology residents for overnight radiology call that includes interpretation of off-hour urgent and emergent
studies without immediate direct attending supervision. Lectures of the curriculum, provided by department staff, were
based on the American Society of Emergency Radiology core curriculum. The lecture series was implemented after
PGY-2 residents had completed formal introductory resident rotations during their first 6 months of training. A DICOM-
based interactive computer-based testing module was developed and administered at the end of the lecture series. The
module consisted of 19 actual emergency department cases with entire series of images, simulating an on-call setting.
Tests were scored by two staff members blinded to resident identifying information. Upper-level residents also were
tested, and comparison was made between first-year and upper-level resident test scores to determine the effectiveness of
the test in determining first-year resident preparedness for call. Statistical analysis of results was performed by using 7-test
(P < .05).

Results. All residents in the residency program present during the month (nine PGY-2, six PGY-3, seven PGY-4, seven
PGY-5 residents) attended the lecture series and finished the testing module at the end of the lecture series. Of 19 actual
emergency cases on the testing module, five cases were neuroradiology, three cases were thoracic imaging, eight cases
were body imaging, and three cases were musculoskeletal. PGY-2 residents scored an average of 73.0% (range, 63.2%—
81.6%) of total points possible. PGY-3 residents scored an average of 76.8% (range, 68.4%—86.8%); PGY-4 residents
scored an average of 77.4% (range, 65.8%—100%), and PGY-5 residents scored an average of 81.2% (range,
68.4%-94.7%). There was no statistically significant difference in scores according to level of training.

Conclusion. First-year radiology residents who underwent 6 months of formal radiology training followed by an intensive
ER lecture series before taking overnight call had scores similar to upper-level colleagues on an interactive computer-
based ER simulation module.
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Imaging studies performed in the hospital and emergency
department setting continue to escalate for a multitude of
reasons, including the need for accurate and prompt diag-
noses and the wealth of diagnostic information that cur-
rent imaging techniques provide. Annual growth rates of
computed tomographic (CT) studies performed in emer-
gency departments on Medicare patients were 36.5%,
24.9%, and 22.8% in 2000, 2001, and 2002 (1). It is only
logical that with the increase in number and clinical im-
portance of imaging studies performed in emergency set-
tings, there is an increasing need to assess preparedness
before on-call duties in the emergency department.

At training institutions, radiology residents often inter-
pret studies off-hours, providing preliminary reports that
subsequently are reviewed by staff radiologists, who then
issue a final report. Overnight call and responsibility for
emergency studies remains a staple part of radiology resi-
dency programs, with important and demanding responsi-
bilities as the workloads of radiology departments con-
tinue to increase (2—4). On-call resident responsibilities
include interpreting emergency overnight cases for inpa-
tients, in addition to those generated in the emergency
department. In response to these increased demands and
current resident work-hour restrictions, most radiology
residency programs are moving toward night-float systems
for overnight call (2).

However, the point at which new residents start over-
night call or night float and the increased set of responsi-
bility that this entails differ between training programs
(2). Past studies showed discrepancy rates between radiol-
ogist-in-training on-call interpretations and attending final
interpretations in multiple modalities that ranged from
1%—7% (5-10). The impact of level of training on report
discrepancy rates within these studies was mixed.

Moreover, how to best prepare and assess resident
readiness for overnight call is not well established. Simu-
lation-based education can be an important tool for im-
proving patient safety and clinical competence of health
professionals. Simulation-based medical education is be-
ing used increasingly in clinical training in various medi-
cal fields, including radiology (11-13). These techniques
can help provide an objective way to assess radiology
resident knowledge and competence before the indepen-
dent setting of overnight call.

The impetus for this study came out of a need to as-
sess and create standards for our residents who are given
the responsibility of covering overnight emergent studies,
including those generated by our level I trauma center.
We analyze a technique currently adopted by our resi-

dency program to prepare and assess resident readiness
for overnight call. We hypothesized that first-year (post-
graduate year 2 [PGY-2]) radiology residents would bene-
fit from the development of a dedicated month-long emer-
gency radiology (ER) lecture series provided to all resi-
dents, but mostly directed at educating PGY-2 residents
before starting overnight call. The overnight call prepara-
tion technique also uses a novel computer-based simula-
tion testing module at the end of the lecture series for
objective resident assessment. By comparing first-year
and upper-level resident test scores on the interactive ex-
amination system, we hope to determine the effectiveness
of the ER Core Curriculum training module and first-year
radiology resident readiness for taking overnight radiol-
ogy call.

MATERIALS AND METHODS

ER Curriculum

The study was performed with the approval of our in-
stitutional review board and was compliant with HIPAA
regulations. Informed consent was waived by the institu-
tional review board because of the educational nature of
the study. The study was conducted using our university-
based radiology residency program, which consists of 36
residents (nine residents per year) and 45 full- and part-
time staff radiologists.

A dedicated month-long ER curriculum was designed
based on the American Society of Emergency Radiology
(ASER) core curriculum in ER (14). Each lecture of the
curriculum (List 1) lasted 45 minutes and was provided
by a department staff radiologist who is subspecialty
trained in the area of interest. The department staff used
the ASER core curriculum as a guideline for material to
be covered within their assigned lecture. Sixteen different
staff members participated in the lecture series, and all
used computer-based slide presentations [ie, PowerPoint
(Microsoft, Redmond, WA), Keynote (Apple Computer
Inc., Cupertino, CA)]. The format of the lecture (didactic
vs case based) was left to the lecturer’s discretion because
a standard lecture format was not provided. However,
most lecturers combined both didactic slides with slides
of example images from actual radiology cases. All lec-
turers included images from actual cases that were either
given to residents as unknown cases or described by the
lecturer to illustrate salient radiological findings. Resi-
dents were encouraged to ask questions on the material
being covered both during and after the lecture.
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List 1

ER Core Curriculum Topics (45-minute lecture each)

Intracranial ischemia and hemorrhage
C-spine trauma: radiographs and CT
C-spine trauma: MRI

Spine: infection, compression, ischemia
Head infections

Neck infections

Neck vascular injury

TLS-spine

Nontraumatic thoracic emergencies
Chest trauma

Pain MIBI and ventilation/perfusion scans
Pharynx, esophagus, stomach, duodenum

Abdomen: right and left lower quadrant pain
Abdominal vascular emergencies

Blunt abdominal trauma

Urinary tract: ER scenarios

Pelvic trauma

Upper and lower extremity trauma

Trauma angiography

Vascular ultrasound in ER

Ultrasound for nonobstetric pelvic emergencies
Imaging of obstetric emergencies

Scrotal ultrasound

Abdomen: right upper quadrant pain and pancreatitis

Gastrointestinal bleeding and biliary imaging: nuclear medicine

Lectures were given during protected resident teaching
time before clinical duties each morning, and all residents
in the residency program (PGY-2-PGY-5) were required
to attend. The lecture series was implemented January
2005, six months after the beginning of the academic
year. Each first-year resident completed introductory
month-long core radiology rotations in thoracic imaging,
neuroradiology, body CT and fluoroscopy, musculoskele-
tal imaging, abdominal and obstetric ultrasound, and nu-
clear medicine before and during the month of the lecture
series.

Computer-Based Testing System

Unlike traditional methods of using selected key im-
ages (either digital or hard copies) as primary examina-
tion content, we developed a computer-based system that
uses full Digital Imaging and Communications in Medi-
cine (DICOM) studies with interactive picture archive and
communication system (PACS) features, such as image
scrolling, window and leveling, and linear measurement.
By using a testing format that used the interactive abili-
ties of the PACS in the emergency department, the over-
night call experience and interpretation of cases was
closely simulated. This system contains two separate
modules: a “Data Collection” module and “Image View-
ing” module.

The Data Collection module was configured as a data
center for collecting DICOM images. We used the per-
sonal computer—based freeware Mallinckrodt Central Test
Node DICOM software-testing suite (wuerlim.wustl.edu/
DICOM/ctn.html) for image collection. Entire patient
studies can be sent directly from other DICOM modalities
(eg, workstation and PACS) to this module by using a
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Figure 1. Screen capture of the DICOM viewer.

standard DICOM protocol. For the purpose of this pre-
call evaluation application, all cases collected were pri-
marily emergency department studies.

The Image Viewing module is a DICOM viewer soft-
ware application that simulated our PACS viewing envi-
ronment (Figure 1). This custom software was developed
at our institution, based on a freeware tool Java (15). The
viewer application was installed in multiple personal com-
puter systems that were connected to the Data Collection
module simultaneously. During the examination, each
resident was randomly assigned to a computer with the
viewer application installed.
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Resident Testing and Evaluation

Nine separate computers were loaded with our Image
Viewer software, and all residents who attended the lec-
ture series underwent the testing module in four separate
shifts. Residents were asked not to discuss the cases with
each other during or after taking the testing module.
Cases for the testing module were selected from a larger
group of cases collected during the preceding year by
staff members of the department. These cases then were
reviewed by two staff radiologists, and 19 representative
cases from different radiology subspecialties were se-
lected for loading into the testing module. Topics covered
by lectures of the core curriculum were considered when
selecting the cases, as well as representative cases of
pathological states typically encountered in our emer-
gency department.

Five cases were neuroradiology based (CT-subarach-
noid hemorrhage; CT-cerebral infarction; CT-isodense
subdural hemorrhage; CT-cervical-spine fracture; mag-
netic resonance imaging [MRI]-epidural abscess), three
cases were thoracic imaging based (CT—pulmonary embo-
lism; CT-type A aortic intramural hematoma with classic
type B aortic dissection; CT-Lemierre syndrome, periton-
sillar abscess with jugular vein thrombosis), eight cases
were body imaging based (CT-acute appendicitis; CT-
acute cholecystitis; CT—diverticulitis; CT-small-bowel
obstruction secondary to femoral hernia, CT—obstructing
renal stone in duplicated collecting system; CT—unilateral
pyelonephritis with an adnexal cyst; CT—traumatic bowel
injury; CT-active extravasation from a ruptured hepato-
cellular carcinoma; ultrasound-testicular fracture), and
three cases were musculoskeletal imaging based (plain
film—anterior shoulder dislocation; plain films—foot osteo-
myelitis; MRI-hip fracture).

In an attempt to simulate the emergency department
environment, residents were provided with minimal clini-
cal information for each case and instructed to enter their
findings, diagnosis, and recommendations for each imag-
ing study on the computer. Residents typed free-text for-
mat answers into the testing module for each case, which
was recorded on a computer server. A time limit was not
set per case, but a total of 3 hours and 30 minutes was
allowed for the entire test.

Resident answers were provided to two fellowship-
trained radiologists for scoring. All resident identifying
information, including name and year of training, was
blinded, and questions were provided in random order.
Neuroradiology cases for each test were scored by a neu-
roradiology subspecialty trained radiologist, and the re-

maining cases were scored by an ER subspecialty trained
radiologist. The scoring system consisted of 0, 1, or 2
points awarded per case. A score of 0 was given for an-
swers that missed or largely misinterpreted the main find-
ings. A score of 0 was given for answers that recognized
the main findings, but failed to describe a life-threatening
condition (ie, uncal herniation, active extravasation of
intravenous contrast). A score of 1 was given to cases for
which the major findings were made, but possibly not all
pertinent findings were identified, or main findings were
made, but not interpreted correctly. A score of 2 was
given to answers for which all pertinent findings were
made and interpreted correctly. Scores then were returned
to the computer server that contained all resident identify-
ing information. A final score was provided after match-
ing scored answers to each resident.

Statistical Analysis

Range and average scores for each level of training
were calculated. The significance of the difference be-
tween scores from each level of training was performed
by using #-test. Positive statistical significance was deter-
mined by using P < .05. Chi-square test was used to de-
termine whether there was a statistical difference between
PGY-2 and upper-level resident scoring on the three ques-
tions with the lowest overall average score. Statistical
analysis was performed using statistical software (SPSS
11.0 for Windows; SPSS Inc, Chicago, IL).

RESULTS

Of all radiology residents in our program (n = 34),
those in the residency program present during the ER
training month (n = 29) attended the lecture series and
finished the testing module at the end of the lecture se-
ries. Nine PGY-2, six PGY-3, seven PGY-4, and seven
PGY-5 residents attended the lecture series and completed
the computer-based testing module. Five residents were
not able to complete the lecture series and/or testing mod-
ule (two residents were away at the Armed Forces Insti-
tute of Pathology, two residents were rotating at an out-
side pediatric hospital, and one resident was on vacation
at the time of the lecture series). Of 19 cases, PGY-2 res-
idents scored an average of 73.0% (range, 63.2%—81.6%)
of total points possible. PGY-3 residents scored an aver-
age of 76.8% (range, 68.4%—86.8%), PGY-4 residents
scored an average of 77.4% (range, 65.8%—-100%), and
PGY-5 residents scored an average of 81.2% (range,
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Figure 2. Average percent correct on the simulation computer-
based testing module with ranges by level of training.

68.4%-94.7%;, Figure 2). A t-test found no significant
statistical difference between these results (P > .05).

Cases with lowest overall resident scoring were a CT
scan showing left-sided pyelonephritis with an ipsilateral
complex adnexal cyst (average score, 0.86/2.0), a CT scan
with active contrast extravasation from a ruptured hepato-
celluar carcinoma (0.90/2.0), and a CT scan with a small-
bowel obstruction secondary to a femoral hernia (1.1/2.0).
Lowest average scores among the PGY-2 class also were
these three cases, with scores of 0.33, 0.22, and 0.44 of
2.0, respectively. However, a statistical difference be-
tween PGY-2 and upper-level resident scoring on these
three questions was not identified. Cases for which resi-
dents scored the highest were a CT scan showing acute
appendicitis (1.97/2.0), a CT scan showing a cerebral in-
farction (1.86/2.0), and a CT scan showing a cervical-
spine fracture (1.86/2.0).

Diagnostic imaging continues to become an increas-
ingly essential component of modern clinical medicine.
Patient care has become highly dependent on timely and
accurate readings of imaging studies. As a result, there is
an increasing need to assess resident preparedness before
taking overnight call.

The impetus for this study and curriculum came out of
a well-realized need to assess and create standards for
residents in our program before being given the responsi-
bility of overnight call. Having basic requirements before
interpreting studies generated by inpatients and emer-
gency department patients in our level 1 trauma center
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with minimal supervision was important. By instituting an
official curriculum and testing standards, these standards
could be provided to the hospital and other departments
as a “credentialing” of residents who interpret studies on
call.

In our study, the average score obtained by PGY-2
residents on the computer module (73.0%) was not statis-
tically different from averages of upper-level classes
(76.8%-91.2%) who currently were taking or had previ-
ously taken overnight call. There was considerable over-
lap of ranges of scores between different levels of train-
ing (Figure 2).

The computer-based testing module is a useful way to
objectively identify residents who may need more individ-
ual attention and/or instruction before undertaking over-
night call. It can be difficult to identify residents who
may need individualized attention before undertaking
overnight call in the way most residency teaching pro-
grams are currently designed. Especially in larger depart-
ments, multiple radiologists are involved in resident
teaching and assessment, and objectively identifying resi-
dents in need of further instruction can be difficult. Hav-
ing a standardized simulation testing module can be a
benefit in this aspect.

In addition to identifying residents who need more
instruction and time before starting overnight call, results
of the testing module can be used to identify areas in
which residents as a group can benefit from additional
instruction. After scoring of the testing module was com-
pleted in our department, cases and findings were re-
viewed with the residents in a didactic teaching session.
Cases with the lowest average scores were each complex
abdominal imaging cases with multiple findings, and the
most time was spent reviewing these cases. No designated
additional lecture was added to the curriculum in response
to the testing module outcomes, but this also could have
been performed.

Limitations of the study include lack of a pre-lecture
series assessment to specifically assess the impact of the
month-long ER lecture series on resident competence.
However, the authors acknowledge that a month-long ER
lecture series alone will never be enough to prepare radi-
ology residents for overnight call. The need for traditional
radiology education, including independent reading and
rotating through different imaging modalities with direct
attending teaching and supervision, remains.

Moreover, although the average score obtained by
PGY-2 residents was not statistically different from the
averages of the upper-level classes, there was a trend
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toward higher scores with superior levels of training. Fail- module also was developed to objectively assess resident
ure to show differences among residents based on their performance in an on-call situation. Simulation test scores
level of training may be related to the case selection for of new radiology residents who had not taken call, but
the test module and the small sample size. We postulate had attended the lecture series, were similar to those of
that a selection of more cases or more difficult cases may upper-level residents who attended the lectures and taken
allow for this level of discrimination. We also postulate overnight call. These findings indicate the benefit of hav-
that with a higher level of discrimination, we may have ing a dedicated ER lecture series and help validate the
observed differences between residents who were in department’s opinion that the new residents after 6

the midst of taking call and residents who had taken call months of formal training and who had attended the dedi-
previously and were not currently. We postulate that resi- cated ER lecture series were ready for overnight call in
dents, regardless of level of training, who are used to see- our hospital.

ing emergency department—style cases at the time of the

testing module would score well, although determining M

this would require additional investigation.
The DICOM-based testing module simulates actual 1. Margulis AR, Bhargavan M, Feldman D, Sunshine JH. Should the or-
dering of medical imaging examinations be reexamined? J Am Coll

emergent imaging cases in that entire series of images are Radiol 2005; 2:809—811.
provided with scrolling and windowing functions, simu- 2. Peterson CM, Gerstle R, Bhalla S, Menias CO, Jost RG. Results of the
lati . . CS whil 1. Of . 2004 survey of the American Association of Academic Chief Residents
ating interpreting cases on PACS while on call. Often in in Radiology. Acad Radiol 2005; 12:373-378.
teaching and testing in radiology, only selected images 3. Rozenshtein A, Bauman-Fishkin O, Fishkin |, Homel P. Radiology resi-
. . . _ dency call in the northeastern United States: comparison of difficulty
that no dm.lbt contain pa_thOIOgl(.:al. states alje PrOVIded be and frequency in programs of different size. Acad Radiol 2003; 10:559—-
cause of display constraints. This is unrealistic compared 564.
with how cases are interpreted on call, when signiﬁcant 4. Scott JN, Romano CC. On-call services provided by radiology resi-
. . . dents in a university hospital environment. Can Assoc Radiol J 2003;
images are not annotated for the benefit of the radiologist. 54:104-108.
However, because of time constrains, no “normal” cases 5. Ojutiku O, Haramati LB, Rakoff S, Sprayregen S. Radiology residents’
or cases without sienificant pathological states were pro- on-call interpretation of chest radiographs for pneumonia. Acad Radiol
b case Ut S1gn p g °re p 2005; 12:658-664.
vided in our simulation module, as is often seen in a se- 6. Carney E, Kempf J, DeCarvalho V, Yudd A, Nosher J. Preliminary inter-
ries of on-call cases. AISO, the testing module was per- pretations of after-hours CT and sonography by radiology residents
. K L. versus final interpretations by body imaging radiologists at a level 1
formed in a protected setting that may be unrealistic com- trauma center. AJR Am J Roentgenol 2003; 181:367-373.
pared with modern overnight call situations. Added 7. Ginsburg MS, King V, Panicek DM. Comparison of interpretations of
distracti f int " tudi 11 includi CT angiograms in the evaluation of suspected pulmonary embolism by
1stractions Irom 1nterpretng studies on call, including on-call radiology fellows and subsequently by radiology faculty. AJR
telephone calls, pages, and questions and consultations Am J Roentgenol 2004; 182:51-66.
from radiology technologists and clinicians. can be diffi- 8. Lal NR, Murray UM, Eldevik OP, Desmond JS. Clinical consequences
. . ’ of misinterpretations of neuroradiologic CT scans by on-call radiology
cult to handle. Furthermore, the simulation test score cor- residents. AJNR Am J Neuroradiol 2000; 21:124-129.
relation to actual resident on-call performance is not di- 9. Wysoki MG, Nassar CJ, Koenigsberg RA, Novelline RA, Faro SH,
1 d Faerber EN. Head trauma: CT scan interpretation by radiology resi-
rectly measured. dents versus staff radiologists. Radiology 1998; 208:125-128.

The authors consider the DICOM-based testing module 10. Wechsler RJ, Spettel CM, Kurtz AB, et al. Effects of training and expe-
to be a valuable adjunct to the more Comprehensive resi- rience in interpretation of emergency body CT scans. Radiology 1996;

199:717-720.
dent evaluation process at this point. Thorough resident 11. Ziv A, Small S, Wolpe P. Patient safety and simulation based medical
evaluation after completion of each monthly rotation re- education. Med Teacher 2000; 22:489-495.

. . . 12. Monsky WL, Levine D, Mehta TS, et al. Using a sonographic simulator
mains a key component of the evaluation process at this to assess residents before overnight call. AJR Am J Roentgenol 2002;
time. The authors acknowledge the need to gain more 178:35-39.

. . . . - 13. Schwid HA, Rooke GA, Carli t al, for the Anesthesia Simulat
experience with this tool and its validity as a method for Schwid HA, Rooke GA, Carline J, et al, for the Anesthesia Simulator

. . . . Research Consortium. Evaluation of anesthesia residents using manne-
resident evaluation before using it as the sole tool to de- quin-based simulation: a multi-institutional study. Anesthesiology 2002;

97:1434-1444.

termine resident pre-call preparedness. > ] ) ) .
14. Novelline RA. Core Curriculum in Emergency Radiology. American So-

In COHCluSion’ development of a month'long lecture ciety of Emergency Radiology, 2005. Available at: http://www.erad.org/
series based on the ASER core curriculum in ER to pre- download/ASERCoreCurriculum.pdf. Accessed July 7, 2003.
. . . . 15. Yam C-S, Levine D, Nishino M, Sitek A, Larson M. A simple method for
pare new radiology residents for upcoming overnight call

’ > A displaying cine images on Web-based teaching files. AJR Am J Roent-
was performed. A computer-based simulation testing genol 2005; 184:691-669.
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