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Abstract

Objective: To determine the impact of the COVID-19 pandemic on breast imaging education.
Methods: A 22-item survey addressing four themes during the early pandemic (time on service,
structured education, clinical training, future plans) was emailed to Society of Breast Imaging
members and members-in-training in July 2020. Responses were compared using McNemar’s and
Mann-Whitney U tests; a general linear model was used for multivariate analysis.

Results: Of 136 responses (136/2824, 4.8%), 96 U.S. responses from radiologists with trainees,
residents, and fellows were included. Clinical exposure declined during the early pandemic, with
almost no medical students on service (66/67, 99%) and fewer clinical days for residents (78/89,
88%) and fellows (48/68, 71%). Conferences shifted to remote live format (57/78, 73%), with some
canceled (15/78, 19%). Compared to pre-pandemic, resident diagnostic (75/78, 96% vs 26/78,
33%) (P < 0.001) and procedural (73/78, 94% vs 21/78, 27%) (P < 0.001) participation fell, as did
fellow diagnostic (60/61, 98% vs 47/61, 77%) (P = 0.001) and procedural (60/61, 98% vs 43/61, 70%)
(P<0.001) participation. Most thought that the pandemic negatively influenced resident and fellow
screening (64/77, 83% and 43/60, 72%, respectively), diagnostic (66/77, 86% and 37/60, 62%), and
procedural (71/77, 92% and 37/61, 61%) education. However, a majority thought that decreased
time on service (36/67, 54%) and patient contact (46/79, 58%) would not change residents’ pursuit
of a breast imaging fellowship.

Conclusion: The pandemic has had a largely negative impact on breast imaging education, with re-
duction in exposure to all aspects of breast imaging. However, this may not affect career decisions.

Key words: education; COVID-19; mammography; breast imaging.
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Key Messages

e The pandemic resulted in a decline in trainee breast im-
aging clinical exposure.

Most survey respondents thought that both resident and
fellow screening, diagnostic, and procedural education
was negatively impacted by the pandemic.

Despite this perceived negative influence of the pan-
demic, a majority of respondents thought that the de-
creased time on the breast imaging clinical service
and the patient contact in breast imaging would not
change residents’ decisions to pursue a breast imaging
fellowship.

Introduction

Radiology education has been profoundly impacted by
the coronavirus disease 2019 (COVID-19) pandemic. The
subspecialty of breast imaging is no exception, and the
patient-facing nature of the field poses unique challenges
to education and safe care delivery during the pandemic.
The reduction of study and procedural volume during the
height of the pandemic (1,2) complicates trainee education
given the Mammography Quality Standards Act (MQSA)
mammography interpretation regulations, which stipulate
interpretation of 240 mammography studies in a six-month
period during the last two years of residency (3). These
challenges are juxtaposed with the need to socially distance
and limit personnel in small reading rooms, limited per-
sonal protective equipment, and, in some regions, the need
to shift resources and personnel to other services for patient
care (4). Although publications have discussed approaches
to general radiology and breast imaging education during
the pandemic (5-12), to date none to our knowledge have
reported specifically how the pandemic has impacted breast
imaging training and how trainees have experienced these
changes.

Therefore, this study was performed to determine the im-
pact of the COVID-19 pandemic on breast imaging educa-
tion as it relates to medical students, radiology residents, and
breast imaging fellows.

Methods

Survey Measure
This study was certified as exempt from Institutional Review
Board review, and a waiver of signed consent was granted
given the online anonymous nature of the data collection.
The California Breast Density Information Group, a
working group of breast imaging radiologists representing aca-
demic and community-based practices, developed the survey.
The survey addressed four major themes related to education:
time on service, structured education, clinical training, and
future plans; the scope of the latter three themes focused on
resident and fellow education. The survey was designed such

that only the questions pertinent to the self-reported types of
trainees at the respondent’s practice were presented to each
respondent (ie, if a respondent’s practice only trains medical
students, only those questions pertinent to medical student
education were presented). The working group iteratively de-
veloped the initial survey questions, and a draft survey was
then field tested by the group members. Changes were made to
the survey design, language, and organization based on feed-
back. The working group approved the final 22-item survey
for distribution (see Supplementary Material).

Study Participants

An electronic link to the survey (Qualtrics, Provo, UT)
was distributed via email to members of the Society of
Breast Imaging, including residents-in-training and fellows-
in-training, on July 13, 2020 (7 = 2824), with a reminder
email sent on July 20, 2020 to members who had not al-
ready accessed the survey link. The survey remained open
for four weeks (July 13, 2020 to August 9, 2020). A total of
1479/2824 (52%) members opened one of the emails. A total
of 139/2824 (4.9%) accessed the survey link, although 3/139
(2%) did not complete any questions. The overall response
rate was 4.8% (136/2824) and 9.2% (136/1479) for those
who opened the email. United States radiologists working
with trainees (medical students, residents, and/or fellows),
U.S. residents-in-training, and U.S. fellows-in-training were
included by study design. U.S. radiologists without trainees,
international radiologists and trainees, and non-radiologists
were excluded from analysis.

Timeframes in the Survey

A subset of survey questions addressed three specific
timeframes with respect to the pandemic to assess changes
in training patterns: baseline pre-pandemic, early in the pan-
demic “during the shutdown or the height of the pandemic,”
and “after reopening or flattening of the infection curve.”
The terms “during the shutdown” and “after reopening”
were used in reference to regions that fell under government
restrictions on the general population (stay-at-home orders
or equivalent) or healthcare systems (restrictions on elective
procedures or equivalent). The terms “during the height of
the pandemic” and “after flattening of the infection curve”
were used for those regions that did not fall under such re-
strictions, as case rates were a guiding factor for the issuance
and easing of government restrictions in many regions. These
terms refer to the early pandemic in the U.S. and the initial
government responses, as there have been additional surges
in case rates since survey closure given the ongoing nature of
the pandemic.

Statistical Analysis

McNemar’s test was used to compare survey responses be-
tween different survey timeframes; unpaired responses were
not included in this analysis given the nature of the test. The
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Mann-Whitney U test was used for subset analysis of Likert-
scale responses. Multivariate modeling using the general
linear model was performed with region (West, East, South,
Midwest), presence of a stay-at-home order, and whether all
of the respondent’s breast centers remained open during the
pandemic as independent variables. Statistical analyses were
performed using IBM SPSS Statistics for Windows, version
26.0 (IBM Corp, Armonk, NY). The level of statistical sig-
nificance was set at P < 0.05.

The total number of responses is reported for each ques-
tion, as not all respondents completed all questions (either
by respondent choice or by study design given the types of
trainees at the respondent’s practice).

Results

Demographics

Out of 136 responses received, 96 responses were further
considered: 72/96 (75%) U.S. radiologists working with
trainees, 11/96 (11%) U.S. residents-in-training, and 13/96
(14%) U.S. fellows-in-training. The remaining responses were
excluded (7 = 40; 21 U.S. radiologists without trainees, 12
international radiologists, 6 technologists, 1 administrator).
Table 1 delineates included respondent demographics.

Impact onTime on Service

Of respondents with medical students at their practice at
baseline pre-pandemic, 66/67 (99%) reported medical stu-
dents were not allowed on service during the shutdown or
the height of the pandemic, and 38/66 (58%) reported med-
ical students were not allowed to return after reopening or
flattening of the infection curve.

Of respondents with residents and fellows at their prac-
tice at baseline pre-pandemic, most reported a decrease in the
number of days per week the average resident (78/89, 88%),
fellow (48/68, 71%), and attending (67/88, 76%) were on
the breast imaging clinical service during the pandemic.
When off the clinical service, most residents and fellows were
studying or involved in academic pursuits at home (Table 2).
In addition, 30/64 (47%) reported residents were moved to
another clinical service within radiology and 18/64 (28%) to
another clinical service outside of radiology. A few respond-
ents reported other activities, which included participation
in multidisciplinary conferences and providing childcare for
their children due to disruptions to usual childcare avail-
ability or school closure.

Impact on Resident and Fellow Structured
Education

Pre-pandemic, nearly all respondents (77/78, 99%) reported
in-person resident and fellow conferences (Table 3). Remote
live conferences hosted by one’s own institution (18/78,
23%) and by outside institutions or organizations (5/78,
6%) were less common.

Table 1. Demographics of Included United States Survey
Respondents

n/N (%)

Role
Radiologist
Fellow-in-training
Resident-in-training
Practice setting

72196 (75%)
13/96 (14%)
11/96 (11%)

Academic 76196 (79%)
Academic-private hybrid 16/96 (17%)
Private 2/96 (2%)
Military, Veterans Affairs, or 2/96 (2%)
government
State (states with 3 or more responses
listed below)
New York 14/85 (16%)
California 12/85 (14%)
Massachusetts 6/85 (7%)
Florida 5/85 (6%)
Pennsylvania 5185 (6%)
Connecticut 4/85 (5%)
District of Columbia 4/85 (5%)
Ohio 3/85 (4%)
Utah 3/85 (4%)
Practice fell under a stay-at-home order
Yes 72194 (77%)
No 22/94 (23%)
All practice breast centers remained open
during the pandemic
Yes 48/94 (51%)
No 46/94 (49%)

Trainees at practice at baseline
pre-pandemic
Medical students
Residents
Fellows

67/94 (71%)
90/94 (96%)
69/94 (73%)

During the shutdown or the height of the pandemic,
in-person resident and fellow conferences dramatically de-
creased, with 1/78 (1%) reporting in-person conferences
(P < 0.001). In-person resident and fellow conferences re-
mained low after reopening or flattening of the infection
curve (12/75, 16%) (P < 0.001). Remote live conferences
hosted by one’s own institution (57/78, 73%) (P < 0.001)
and by outside institutions or organizations (33/78, 42%)
(P < 0.001) increased during the shutdown or the height of
the pandemic, and utilization of both remote live conferences
hosted by one’s own institution (64/75, 85%) (P < 0.001)
and by outside institutions or organizations (27/75, 36%)
(P < 0.001) remained above pre-pandemic levels after re-
opening or flattening of the infection curve. Finally, several
canceled resident and fellow conferences during the shut-
down or the height of the pandemic (15/78,19%) (P < 0.001)
and after reopening or flattening of the infection curve (4/75,
5%) (P =0.25).
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Table 2. Trainee Activities During Days Off the Breast Imaging Clinical Service During the Pandemic
Residents Fellows
n/N (%) n/N (%)
Study at home 58/64 (91%) 35/39 (90%)
Study on campus 9/64 (14%) 4/39 (10%)
Academic pursuits at home (research, administrative, or creative endeavors) 46/64 (72%) 37139 (95%)
Academic pursuits on campus (research, administrative, or creative endeavors) 11/64 (17%) 4/39 (10%)
Moved to another clinical service within radiology 30/64 (47%) 4/39 (10%)
Moved to another clinical service outside of radiology 18/64 (28%) 6/39 (15%)
Unknown 2/64 (3%) 1/39 (3%)
Other 3/64 (5%) 4/39 (10%)

Most respondents (49/67, 73%) reported no change to
the methods used to comply with MQSA mammography
interpretation regulations. To increase mammography inter-
pretation volume, 10/67 (15%) reported double reading cur-
rent studies, 5/67 (7%) used online resources, and 3/67 (4%)
reported rereading previously interpreted studies.

Impact on Resident and Fellow Clinical Training
Respondents were asked whether trainees actively par-
ticipated in diagnostic studies and interventional proced-
ures (Figure 1). Active participation examples provided to
respondents included ultrasound scanning, discussion of
diagnostic study results, consenting, and assistance with per-
forming procedures. Compared to pre-pandemic, during the
shutdown or the height of the pandemic there was a fall in
resident participation in diagnostic studies (75/78, 96 % pre-
pandemic vs 26/78, 33% during the shutdown or the height
of the pandemic) (P < 0.001) and procedures (73/78, 94%
vs 21/78,27%) (P < 0.001). Resident participation in diag-
nostic studies (69/78, 88%) and procedures (59/78, 76%)
increased after reopening or flattening of the infection curve
compared to during the shutdown or the height of the pan-
demic (P < 0.001 and P < 0.001, respectively) but did not
return to pre-pandemic levels (P = 0.03 and 0.001, respect-
ively). Fellow participation also fell during the shutdown
or the height of the pandemic for diagnostic studies (60/61,
98% pre-pandemic vs 47/61, 77% during the shutdown
or the height of the pandemic) (P = 0.001) and procedures
(60/61, 98% vs 43/61, 70%) (P < 0.001). However, fellow
participation in diagnostic studies (61/61, 100%) and pro-
cedures (58/61, 95%) increased after reopening or flattening
of the infection curve (P < 0.001 and P < 0.001, respect-
ively) and was similar to pre-pandemic levels (P > 0.99 and
P = 0.50, respectively).

Most respondents reported that the primary format of
resident and fellow readouts pre-pandemic was in-person
side-by-side (74/78, 95% for resident readout and 49/54,
91% for fellow readout) (Table 3). This largely shifted to
in-person readouts with social distancing (ie, in same reading
room at least six feet apart) during the shutdown or the
height of the pandemic (27/38, 71% for resident readout and

34/44, 77% for fellow readout) (P < 0.001 and <0.001, re-
spectively) as well as after reopening or flattening of the in-
fection curve (55/75, 73% for resident readout and 46/53,
87% for fellow readout) (P < 0.001 and <0.001, respect-
ively). Several reported no direct or real-time readout during
the shutdown or the height of the pandemic (5/38, 13%)
(P = 0.06) or after reopening or flattening of the infection
curve (4/75,5%) (P = 0.13).

The majority of respondents thought that the pandemic
had somewhat negatively, negatively, or very negatively in-
fluenced both resident and fellow education regarding
screening studies (64/77, 83% for resident education and
43/60, 72% for fellow education), diagnostic studies (66/77,
86% and 37/60, 62%, respectively), and procedures (71/77,
92% and 37/61, 61%, respectively), although the most
common response was “no change” for fellow education
regarding diagnostic studies (22/60, 37%) and procedures
(23/61, 38%) (Figures 2 and 3). There was no significant dif-
ference in screening, diagnostic, and procedural education
responses when resident responses (Figure S1) (P = 0.56,
0.48, and 0.61, respectively) and fellow responses (Figure
S2) (P =0.16,0.69, and 0.53, respectively) were compared to
those of other respondents.

Multivariate modeling demonstrated a significant as-
sociation between resident screening education responses
and whether a respondent fell under a stay-at-home order
(P = 0.045); respondents without a stay-at-home order had
a response 0.54 units higher on the 7-point Likert scale, on
average, after adjusting for region (P = 0.92) and whether all
of the respondent’s breast centers remained open (P = 0.08).
There was also a significant association between resident
procedural education responses and whether all of the
respondent’s breast centers remained open during the pan-
demic (P = 0.01); respondents who did not keep all breast
centers open had a response 0.61 units higher on the 7-point
Likert scale, on average, after adjusting for region (P = 0.71)
and the presence of a stay-at-home order (P = 0.81). A similar
association was present for fellow procedural education
(P = 0.04), with responses 0.58 units higher after adjusting
for region (P = 0.35) and stay-at-home order (P = 0.83).
Multivariate modeling did not demonstrate significant
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Figure 1. Percent of respondents reporting that residents (A) and fellows (B) actively participate in diagnostic studies and interventional
procedures at baseline pre-pandemic, during the shutdown or the height of the pandemic, and after reopening or flattening of the infection

curve (n =78 for residents, n = 61 for fellows).
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Figure 2. Response to the survey question, “How has the COVID-
19 pandemic influenced the education of residents regarding
screening studies, diagnostic studies, and interventional
procedures?” (n=77).

associations for resident diagnostic, fellow screening, or
fellow diagnostic education responses.

Impact on Resident and Fellow Future Plans

A majority of respondents (36/67, 54%) thought that de-
creased time on the breast imaging clinical service would
not change residents’ decisions to pursue a breast imaging
fellowship (Figure 4). There was no significant difference
between resident responses and those of other respond-
ents (Figure S3) (P = 0.27). On multivariate modeling,
there was no significant association between responses
and region (P = 0.88), presence of a stay-at-home order
(P =0.92), or whether all of the respondent’s breast centers
remained open (P = 0.66).

50%

40% 379,38%
35%35%
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e
Somewhat Positively
positively

0% 0% 0%
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Figure 3. Response to the survey question, “How has the COVID-19
pandemic influenced the education of fellows regarding screening
studies, diagnostic studies, and interventional procedures?”
(n=60 for screening and diagnostic studies, n=61 for procedures).

Similarly, a majority of respondents (46/79, 58%)
thought that, in light of the pandemic, the patient con-
tact in breast imaging compared to other radiology spe-
cialties would not change residents’ decisions to pursue a
breast imaging fellowship (Figure 5). There was no signifi-
cant difference between resident responses and those of
other respondents (Figure S4) (P = 0.27). On multivariate
modeling, there was no significant association between re-
sponses and region (P = 0.44), presence of a stay-at-home
order (P = 0.47), or whether all of the respondent’s breast
centers remained open (P = 0.94).

A minority of respondents (6/62, 10%) reported that
their breast imaging fellows’ future employment was nega-
tively impacted by the pandemic. Reported impacts included
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Figure 4. Response to the survey question, “How do you think the
decreased time on the breast imaging clinical service during the
COVID-19 pandemic will impact residents’ decisions to pursue a
breast imaging fellowship?” (n = 67).

change in start date (3/6, 50%), no job opportunity (3/6,
50%), loss of a job offer (1/6, 17%), and decrease in salary
and time off (1/6, 17%).

Discussion

It is well known that the COVID-19 pandemic has had a pro-
found impact on radiology education (5,7-11). The results of
this survey demonstrate that the pandemic has had a largely
negative impact on breast imaging education. In particular,
the pandemic resulted in a decline in clinical exposure for all
trainees, and most respondents thought that both resident
and fellow screening, diagnostic, and procedural education
was somewhat negatively, negatively, or very negatively im-
pacted by the pandemic. Even after flattening of the infection
curve, several gaps in breast imaging education persisted,
including medical student clinical exposure (38/66, 58%
not allowed on service), resident involvement in diagnostic
studies and interventional procedures (below baseline), resi-
dent readout (4/75, 5% no direct or real-time readout), and
resident and fellow conferences (4/75, 5% canceled confer-
ences). Fortunately, responses were less negative with respect
to the future plans of trainees, as a majority of respondents
thought that the decreased time on the breast imaging clin-
ical service and the patient contact in breast imaging would
not change residents’ decisions to pursue a breast imaging
fellowship. In addition, only a minority of respondents re-
ported negative impacts on their fellows’ future employment.

The largely negative impact of the pandemic on breast
imaging education is not unexpected given the acute changes
to breast imaging early on. On March 26, 2020, the Society
of Breast Imaging recommended a delay of screening studies
for “several weeks or a few months” as well as a delay of
diagnostic studies for women “without a clinically con-
cerning symptom” in an effort to reduce the risk of virus
spread (13). Around the same time, many regions fell under

discourage discourage encourage encourage

Figure 5. Response to the survey question, “How do you think
patient contact in breast imaging (compared to other radiology
specialties) will impact residents’ decisions to pursue a breast
imaging fellowship in light of the COVID-19 pandemic?” (n=79).

local government restrictions on elective procedures in an
effort to conserve healthcare resources (14-17). These fac-
tors, among others, contributed to a sharp decline in breast
imaging volumes early in the pandemic, with multiple prior
studies demonstrating a greater than 80% decline in breast
imaging volume (1,17-19).

Early guidelines for radiology residencies to safely educate
residents during the pandemic were provided by Chong et al
(6). The authors discussed strategies to maintain protected
teaching time and active clinical participation and provided
options for remote learning and online teaching resources.
The article also highlighted potential challenges to meeting
Accreditation Council for Graduate Medical Education re-
quirements and federally mandated requirements, including
MQSA regulations.

In addition, Wang et al described the systems and pro-
cesses developed by an academic center during the initial
pandemic peak to fulfill Accreditation Council for Graduate
Medical Education Core Competencies for Diagnostic
Radiology as they pertain to breast imaging (12). The art-
icle outlined many of the steps reported by our respondents
to support risk mitigation measures during trainee educa-
tion at the beginning of the pandemic, including modifying
clinical schedules, moving residents off-site, and using vir-
tual curriculums, videoconferencing, and remote readouts.
In addition, the authors’ institution added limited in-person,
in-house trainee clinical experiences in a stepwise manner as
volumes increased and as risk mitigation protocols were es-
tablished. Given that breast imaging is a patient-facing spe-
cialty, the latter step is critical to training.

Interventions described in these articles sought to avoid
the gaps in education identified in the current study, and
these areas will need to be addressed. Resident and fellow
involvement in diagnostic studies and interventional pro-
cedures is a critical aspect of breast imaging education, and
workflow should be adjusted to support this involvement, if
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safe to do so. The implementation of risk mitigation meas-
ures recommended by the American College of Radiology
and Society of Breast Imaging (20, 21), such as screening
patients for symptoms, rearranging reading rooms and im-
aging centers to allow for social distancing, and ensuring
availability of appropriate personal protective equipment,
should allow trainees to participate in ongoing breast im-
aging care. Interestingly, there was an association between
resident and fellow procedural education and whether
all of a respondent’s breast centers remained open, with
those who did not keep all breast centers open having
less negative responses, on average, after adjusting for re-
gion and the presence of a stay-at-home order; a possible
explanation for this might be that these respondents ad-
justed workflow and consolidated procedures at a central
teaching site, allowing for higher teaching volumes than if
the few remaining procedures were dispersed among mul-
tiple breast centers. With respect to remote readouts and
conferences, there are several relatively inexpensive secure
communications technologies available (6,22-24), and
graduate medical education offices or information tech-
nology departments may already have resources for such
remote communication. These technologies have benefits
beyond the pandemic, particularly for multisite institu-
tions, as they allow faculty at different sites to more easily
interact with and teach trainees. They also facilitate at-
tendance to conferences that would otherwise be missed
by some trainees due to location and timing, including
tumor boards and multidisciplinary didactic conferences
(12). Finally, although a minority of our respondents re-
ported changes to the methods used to comply with the
MQSA mammography interpretation regulations, training
programs should be cognizant of this educational re-
quirement for the current academic year and encourage
trainees to meet the requirement as soon as possible given
the uncertainty surrounding rising and falling COVID-
19 case rates. Respondents most commonly reported the
double reading of current studies, which requires minimal
changes to workflow to implement. Rereading previously
interpreted studies may also serve as a readily available
method, as teaching files, tumor board cases, and biopsy
cases can be used.

With respect to medical student education, Durfee et al
outlined the implementation of a virtual radiology core
clerkship and described some of the challenges to medical
student education during the pandemic (7). The authors
noted that the remote format did not allow students to see
how cases “unfold” in the reading room, and students re-
ported missing in-person interactions. These challenges are
particularly relevant in breast imaging, and a virtual format
does not adequately showcase breast imaging workflow
given the amount of time spent outside of the reading room
interacting with patients via ultrasound scanning, proced-
ures, and consultation and delivery of results. Medical
student education would greatly benefit from a return to

breast imaging services, even if rotations are truncated to
allow for social distancing within breast centers.

Our study has several limitations. The overall survey re-
sponse rate was 4.8% (136/2824), and there is a risk for re-
sponse bias. Survey fatigue may have affected the response
rate, as there have been several COVID-19 surveys distrib-
uted since the onset of the pandemic. However, it should also
be noted that the reported response rate is artificially low, as
the survey was distributed to all Society of Breast Imaging
members, including many without trainees; these members
are presumably less likely to respond to an education-related
survey. A minority of respondents were trainees, although
the survey was not specifically designed for trainees. Given
the anonymous nature of the survey, it is possible multiple
respondents were from the same institution. Finally, in light
of the rapidly evolving nature of the pandemic, including the
heterogeneity of case rates in different regions over time, our
results may not accurately reflect the impact on education in
all regions.

Conclusion

The COVID-19 pandemic has had a largely negative im-
pact on breast imaging education, and the results of this
survey unveiled lingering gaps in breast imaging education
as training programs adapted to the pandemic. Although the
modes of teaching have changed, a concerted effort should
be made to maintain the same quality and quantity of educa-
tion for all levels of trainees.

Supplementary Material

Supplementary material is available at the Journal of Breast
Imaging online.
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