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Abstract
Rationale and Objectives—To examine radiologists’ use and perceptions of computer-aided
detection (CAD) and double reading for screening mammography interpretation.

Materials and Methods—A mailed survey of 257 community radiologists participating in the
national Breast Cancer Surveillance Consortium assessed perceptions and practices related to
CAD and double reading. We used latent class analysis to classify radiologists’ overall
perceptions of CAD and double reading based on their agreement or disagreement with specific
statements about CAD and double reading.

Results—Most radiologists (64%) reported using CAD for more than half the screening
mammograms they interpreted, but only <5% reported double reading that much. More
radiologists perceived that double reading improved cancer detection rates compared with CAD
(74% vs. 55% reported), while fewer radiologists thought that double reading decreased recall
rates compared with CAD (50% vs. 65% reported). Radiologists with the most favorable
perceptions of CAD were more likely to think that CAD improved cancer detection rate without
taking too much time compared with radiologists with the most unfavorable overall perceptions.
In latent class analysis an overall favorable perception of CAD was significantly associated with
use of CAD (81%), higher percent of workload in screening mammography (80%), academic
affiliation (71%), and fellowship training (58%). Perceptions of double reading that were most
favorable were associated with academic affiliation (98%).
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Conclusion—Radiologists’ perceptions were more favorable toward double reading by a second
clinician than by a computer, although fewer used double reading in their own practice. The
majority of radiologists perceived both CAD and double reading at least somewhat favorably,
although for largely different reasons.
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Introduction
We have entered a unique period in medicine in which double reading by a computer may
soon replace double reading by a second clinician. This is especially prominent in the field
of breast imaging. Computer aided detection (CAD) has been approved by the FDA for use
in screening mammography interpretation since 1998 with the goal of serving as the
equivalent of a “spell checker” to mark potentially abnormal findings and thus lead to
improved breast cancer detection.1 Since that time, diffusion of CAD in clinical practice has
progressed.2 CAD use for screening mammography interpretation has been given some
positive anecdotal attention from the commercial media and may have increased patient
expectations of accurate cancer detection. However, information on the relative benefits and
harms of CAD in mammography is limited and often contradictory. CAD has been shown to
increase rates of recall and lower specificity in some studies2,3 and to improve sensitivity
and cancer detection rates in others.3,4–6

Double reading is generally accepted as a practice to improve cancer detection in screening
mammography, but this is primarily done in Europe 7–11 and is, therefore, included in the
European Guidelines for Quality Assurance in Breast Cancer Screening and
Diagnosis. 12,13,14 Double reading is not consistently practiced in the U.S. possibly as it
demands more radiologist time without reimbursement for the second read. Further, the
benefits of double reading depend on how the information from the second radiologist is
obtained and used (e.g., whether the second assessment is independent and blinded to that of
the first assessment and whether the final medical decision making requires consensus
among the two radiologists for recall).

It is thought that the use of CAD has been increasing in the U.S. while double reading has
been declining, although numbers are lacking, which is likely to have implications for
mammography interpretation variability and performance. This trend is not occurring in
other countries, such as the United Kingdom and Norway.15,16 The differences in trends are
likely related to the additional reimbursement for CAD in the U.S., which does not occur in
most other countries. Double reading does not generate additional reimbursement in the U.S.
but its cost, including additional radiologist time, is included in the budgets of organized
screening programs in many other countries.

We studied how U.S. radiologists use double reading and CAD in their clinical practices and
how they view these major shifts in the use of computers (CAD) vs. double reading in the
medical decision making process. The main objectives were to: 1) provide estimates of
current rates of CAD and double reading use for screening and diagnostic mammography in
the United States; 2) characterize radiologists’ perceptions about CAD and double reading;
3) examine radiologists’ characteristics that are associated with favorable and unfavorable
perceptions towards CAD and double reading; and 4) estimate the similarity in radiologists’
perceptions between CAD and double reading.
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Materials and Methods
Data Source and Study Population

The study population consisted of 257 radiologists participating in the Breast Cancer
Surveillance Consortium (BCSC), an National Cancer Institute-funded collaboration among
seven mammography registries including: 1) Carolina Mammography Registry, North
Carolina; 2) Colorado Mammography Project, Denver, Colorado; 3) Group Health
Cooperative, Washington; 4) New Hampshire Mammography Network, New Hampshire; 5)
New Mexico Mammography Project, New Mexico; 6) San Francisco Mammography
Registry, San Francisco, California; and 7) Vermont Breast Cancer Surveillance System,
Vermont.17,18 Radiologists who interpreted mammograms at any of the facilities
contributing data to the seven mammography registries from January 2005 to December
2006 (n=364) were invited to participate in a mailed survey in 2006 or 2007.

The 10-page survey was designed to capture radiologists’ demographic and clinical practice
information as well as their perceptions of screening and diagnostic mammograms
interpreted with CAD and double-reading. Radiologists also indicated the proportion of
screening and/or diagnostic mammograms they double read as a first or second reader. To
assess perceptions of CAD and double reading, radiologists were asked to agree or disagree
with statements related to the question: “What are your thoughts on computer-aided
detection (CAD) programs and double reading?” The response categories included: 1)
reassures mammographers; 2) reassures patients; 3) improves cancer detection rate; 4)
increases recall rate; 5) protects radiologists from malpractice suits; 6) improves profitability
of breast imaging; and 7) takes too much time. Radiologists used a 5-point Likert scale
(strongly agree, agree, neutral, disagree, and strongly disagree) to respond to the seven
statements.

The survey response rate was 71% (257/364). Survey response data were double entered and
pooled at the BCSC Statistical Coordinating Center (SCC) for analysis. All study activities
were approved by the Institutional Review Boards associated with the seven mammography
registries. All procedures were Health Insurance Portability and Accountability Act
compliant, and all registries and the Statistical Coordinating Center received a Federal
Certificate of Confidentiality and other protection for the identities of women, physicians,
and facilities that are subjects of this research.18

Analysis
To summarize radiologists’ perceptions towards CAD and double reading, we collapsed the
perception statement responses into agree (including strongly agree), neutral, or disagree
(including strongly disagree). For each statement, we calculated the overall distribution of
radiologists who fell into each of these three categories. To create summary measures that
captured radiologists’ perceptions towards CAD and double reading, we used latent class
analysis to combine these seven items into “perception classes” separately for CAD and for
double reading.20 Latent class analysis is an analytic approach used to explain heterogeneity
in survey responses involving categorical items.21 A latent class is a characteristic that is not
directly measured from the survey questions, but can be inferred based on other measured
outcomes. For example, radiologists who agreed that CAD reassures mammographers,
reassures patients, improves cancer detection rate and profitability, and protects radiologists
from malpractice suits are likely to have an overall positive perception of CAD. The latent
class analysis estimated overall probabilities that radiologists would belong to each of the
latent favorability classes along with the probability that a random individual in a given
latent class would have a given response to each perception statement.
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Latent class analysis identifies classes that would represent probabilities of radiologists’
overall perceptions of CAD or double reading based on responses to the seven individual
perception statements. Using this technique, the number of classes to be used is empirically
determined by examining internal validity of response probabilities within classes. We
found that a four class latent class model adequately fit the observed response patterns for
both CAD and double reading based on a goodness of fit test, whereas a three class model
did not. Therefore, we chose to report the results of the four class model. We labeled the
classes as “most favorable”, “somewhat favorable”, “neutral or somewhat unfavorable”, and
“most unfavorable” perceptions of CAD and double reading. We estimated the probability
that a random radiologist in the “most favorable” class “strongly agrees” that CAD reassures
mammographers, and similarly for the other perception statements. In this way, we assessed
how specific aspects of CAD and double reading related to the overall perception of each
method in mammography interpretation. We used latent class regression to explore the
associations between radiologist characteristics and the latent classes, separately for CAD
and for double reading.20 To assess correspondence of CAD and double reading perceptions
within radiologists, we plotted the probabilities of radiologists belonging to each latent class
of favorability for perception of CAD by perception of double reading.

Results
Survey respondents were predominantly male (71.6%), and the majority (86.0%) self-
reported interpreting an average of more than 1,000 mammograms per year over the past 5
years (Table 1). Most participants were community-based radiologists (81.9%). Over 75%
of participating radiologists used CAD for some screening mammography interpretation,
whereas only 28% of radiologists used double reading and 22.7% used both. Self-reported
mammography practice among the participating radiologists indicated that 41% used CAD
for all of their screening mammography interpretations, while 37% used CAD for some, but
not all interpretations (Figure 1). Less than 2% of radiologists self-reported using double
reading for all screening mammography interpretations and almost three quarters reported
no use (Figure 2).

Responses to the seven perception statements about CAD and double reading were given by
all but five radiologists for CAD (n=252) and all but 21 for double reading (n=236).
Perceptions between CAD and double reading were notably different among the participants
(Table 2). The radiologists reported that CAD was less likely than double reading to reassure
mammographers (65% VS. 81%), improve cancer detection rate, protect them from medical
malpractice and take too much time. The radiologists reported that CAD was more likely
than double reading to increase their recall rate and improve profitability of breast imaging.

Latent class analyses of responses regarding CAD reveal that 36% of radiologists were
classified as having most favorable perceptions, 43% had somewhat favorable perceptions,
9% were neutral or somewhat unfavorable, and 12% had most unfavorable perceptions. For
double reading, 64% were classified as most favorable, 5% as somewhat favorable, 5% as
neutral or somewhat unfavorable, and 28% as most unfavorable using latent class analysis.
For both CAD and double reading, radiologists with the most favorable perceptions of CAD
and double reading largely agreed with the statements: reassures mammographers, reassures
patients, and improves cancer detection rate (Figure 3). Perception statements which were
notably different between the most favorable latent analysis classes for CAD versus double
reading pertained to profitability and time taken. Among those with the most favorable
CAD, 50% agreed that CAD improves profitability (Figure 3a), while less than 5% agreed
that double reading does (Figure 3b). Among those with the most favorable perceptions,
98% of radiologists disagreed that CAD takes too much time compared to only 15% for

Onega et al. Page 4

Acad Radiol. Author manuscript; available in PMC 2011 October 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



double reading. For double reading, agreement that it takes too much time was the
unanimous response among radiologists with the most unfavorable perceptions.

Radiologist characteristics associated with favorable and unfavorable perceptions are
outlined in Table 3. Women were less likely than men to have the most favorable
perceptions towards CAD (24% vs. 43%, respectively), but were more likely have the most
favorable perceptions towards double reading (79% vs. 60%, respectively). Radiologists
with a primary affiliation with an academic medical center were significantly less likely to
have the most favorable perceptions about CAD (17%) relative to radiologists without such
an affiliation (36%) or those with an adjunct appointment (70%), but were significantly
more likely to have the most favorable perceptions towards double reading (98% for primary
affiliation vs. 59% for no affiliation and 69% for adjunct appointment). Interpreting ≤10%
or 11–24% of screening exams as part of a radiologist’s entire workload was associated with
a more favorable perception for CAD (36% and 41%, respectively) relative to those with
more focus on screening mammography (23%). CAD users were between 53% and 60%
likely to respond most favorably about CAD, compared to between 12% and 25% who did
not use CAD (Table 3). Over 82% of double readers for screening mammograms were likely
to view double reading most favorably compared to approximately 63% of those who were
not double readers.

We assessed the correspondence of latent class perceptions of CAD with double reading
perceptions for individual radiologists (Figure 4). The probability of favorably perceiving
both CAD and double reading was 76.3% (combining most favorable and somewhat
favorable). The probability of perceiving CAD favorably but double reading unfavorably
was 6.6%. However, 15.9% perceived double reading favorably, but CAD unfavorably. The
correspondence of each perception statement for CAD compared to double reading shows
strongest agreement for reassuring mammographers and patients, improving cancer
detection rates, and increasing recall rate (Table 3). A notable difference is evident in the
perception related to interpretive time taken, with 40% disagreeing with the statement that
CAD takes too much time while agreeing that double reading does. Another perception that
was not congruent for CAD and double reading for individual radiologists was that the
interpretive practice improves the profitability of breast imaging; almost 35% of radiologists
agreed that CAD improves profitability, but disagreed that double reading improves it
(Table 3).

Discussion
This study provides one of the only reports of radiologists’ use of CAD and double reading
in clinical practice in the U.S. and their perceptions related to use of either the computer or a
second radiologist in their interpretive process. Most radiologists reported using CAD,
compared to few radiologists who double read, despite the positive perceptions of double
reading. We found that radiologists perceived double reading to improve cancer detection
rate compared to CAD, but they perceived recall rates to be increased by CAD compared to
double reading. While nearly half of radiologists agreed that CAD improves the profitability
of breast imaging, very few agreed that double reading improves profitability. While most
radiologists thought double reading takes too much time, they believe it does protect
radiologists from malpractice suits.

Radiologists’ perception that CAD increases cancer detection rate and recall is likely to stem
from the primary function of current-generation CAD programs, which is to provide output
solely to alert radiologists about potential cancers, not reassure them by absence of CAD
prompts. If used as designed, CAD is supposed to increase recall rate and biopsy rate in
order to achieve increased cancer detection rate (that is, the radiologist is supposed to recall
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every exam judged appropriate for recall before displaying CAD marks, and then to recall
additional exams when the CAD prompts are judged to be appropriate). Double reading,
especially if used with consensus reading, may achieve the goal of increasing cancer
detection rate without affecting recall rate, or of decreasing recall rate without affecting
cancer detection rate.22–24 Most radiologists thought CAD reassured mammographers
however, the absence of CAD output could also falsely reassure radiologists. Double
reading was perceived even more often than CAD to improve cancer detection rate, but was
less often perceived to increase recall rate. These perceptions suggest greater confidence in
colleagues’ interpretation (double reading) compared to that of a computer (CAD). The
trend for increasing use of CAD rather than double reading will continue to shift clinical
interpretation towards computer- rather than colleague-based aids. The view that CAD
increases profitability of breast imaging may be related to the additional reimbursement
provided when using CAD, and the perception of CAD not taking too much time, unlike
double reading.

Radiologists’ perception of CAD and double reading is important for clinical practice at the
level of individual radiologists, and also from a larger perspective related to diffusion of
technology. As diffusion of CAD increases, it is important to understand radiologists’
perceptions since they are the end users of the technology, yet may not be the primary
drivers of its diffusion.

Radiologists’ perception of CAD and double reading may relate to individual clinical
practice in several ways. First, the perception that CAD takes less time than double reading
may have negative implications if radiologists do actually shorten interpretation time of pre-
CAD lesion detection (hence an over-reliance on CAD for lesion detection), because the
overall performance of CAD is likely to suffer using this approach. Second, CAD use
involves the same radiologist as both the first and second reader. With double reading the
second interpreter is another radiologist, and may even include a third-radiologist for
arbitration interpretation as in Europe. Double reading, especially with consensus may offer
an important opportunity, absent from CAD, for radiologists to learn about the clinical
decision making process by directly observing the practice of their peers. Finally, the most
favorable perceptions of double reading were strongly related to protection from malpractice
suits. Given that breast imaging is one of the highest litigation areas25, this type of
reassurance may be very positive for radiologists. CAD and double reading represent
tradeoffs for radiologists – with increased cancer detection rate, and reassurance to
radiologists and patients to be weighed against increased recall rate, time taken, and
profitability

The congruence of radiologists’ perceptions with evidence from the literature is encouraging
for clinical practice. The majority of studies show an increase in cancer detection rate for
both CAD3–6 and double reading.7–11 Of note, however, is that most of the additional
cancers detected with CAD were ductal carcinoma in situ (DCIS).26 Some studies of double
reading show no increase in recall rate, especially if consensus reading is part of the
protocol.11,27 In this study, academically-affiliated radiologists were more likely to have the
most favorable overall view of double reading, but not of CAD. This may reflect the greater
opportunities for collegial conferring among academicians and a lesser reliance on
technologies for clinical decision making, but this deserves further investigation.

Several limitations and strengths in this study should be noted. First, the distribution of
radiologists in some perception classes was small, so the effect should be considered in light
of the numbers of radiologists in the classes. Second, latent classes are almost always
subject to heterogeneity, so we caution against over-interpretation. Third, we did not collect
information on the specific CAD system used by radiologists, so a small potential for
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differences in perception related to CAD system was possible. Also, we know that methods
of double reading can vary, which we did not explicitly address in this study. In a study of
community radiologists’ practice patterns, about half of the facilities used a double reading
method which considered the second radiologist’s reading final, while the other half
reported a variety of methods.28 Therefore, a potential exists for perceptions we report to be
based on different methods of double reading. Finally, we were not able to measure the
transition of radiologists from double reading to CAD. We did, however, examine
perceptions of CAD and double reading according to whether the radiologist used CAD and/
or double reading, and found similar trends (data not shown). Strengths of the study include
the community-based radiologist participation and geographic distribution of respondents.
Also, our high response rate makes selection bias less likely to be prominent.

This survey study is important in understanding how radiologists are using technology in the
U.S. and how they perceive technologies and existing protocols. The congruence of
radiologists’ perceptions of CAD and double reading performance with evidence from the
literature suggests appropriate dissemination of knowledge. This study also suggests that
radiologists have a more positive view of obtaining help from a colleague vs. a computer
algorithm, but that computer-based input may have more efficiencies and cost advantages.
In the U.S., CAD has diffused rapidly, apparently without formal assessment of radiologists’
perceptions, at the same time that double reading has declined. Ultimately, perceptions of
these two interpretive practices may influence how they are used, more than whether they
are used. An important next step is to more fully isolate the clinical decision making aspects
of radiologists’ perceptions and preferences for CAD vs. double reading. One way to do this
would be to elicit radiologists’ perceptions and preferences under the scenario in which
reimbursement for double reading is equal to that for CAD, or a scenario in which there is
no reimbursement for either practice. Understanding radiologists’ views of CAD and double
reading helps to make the tradeoffs more apparent and informs clinic practice patterns.
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Figure 1.
Self-reported use of CAD for mammogram interpretation among U.S. community
radiologists (n=257).
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Figure 2.
Self-reported use of double reading for mammogram interpretation among U.S. community
radiologists (n=257).
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Figure 3.
Perception about CAD (Fig. 3a) and double reading (Fig. 3b) on individual survey questions
among radiologists who were classified as most favorable vs. most unfavorable by latent
class analyses.
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Figure 4.
Correspondence of latent class perceptions of CAD with double reading perceptions for
individual radiologists (N=236) expressed as probabilities.
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Table 1

Characteristics of radiologists responding to perception statements about CAD and double reading.

Radiologist Characteristic

Radiologists who use CAD
for screening
mammography

Radiologists who double
read screening
mammograms

Radiologists who use
CAD for screening, but
not double reading All radiologists

N (%) N (%) N (%) N (%)

Total 195 68 121 257

Demographics

Sex

 Male 145 (74.4) 41 (60.3) 92 (76.0) 184 (71.6)

 Female 50 (24.6) 27 (39.7) 29 (24.0) 73 (28.4)

Age (yrs)

 <44 50 (26.0) 18 (27.3) 30 (25.2) 64 (25.4)

 45–54 71 (36.0) 29 (43.9) 43 (36.1) 89 (35.3)

 >=55 71 (36.0) 19 (28.8) 46 (38.7) 99 (39.3)

Practice Type

Primary Affiliation with Academic Medical Center

 No 158 (82.3) 54 (79.4) 100 (84.0) 208 (81.9)

 Adjunct 20 (10.4) 7 (10.3) 14 (11.8) 24 (9.5)

 Primary 14 (7.3) 7 (10.3) 5 (4.2) 22 (8.7)

Breast Imaging Experience

Fellowship training

 No 178 (91.3) 65 (95.6) 108 (89.3) 236 (91.8)

 Yes 17 (8.7) 3 (4.4) 13 (10.7) 21 (8.2)

Years of mammography interpretation

 <10 42 (21.5) 16 (23.5) 27 (22.3) 56 (21.9)

 10–19 73 (37.4) 24 (35.3) 44 (36.4) 91 (35.6)

 ≥20 80 (41.0) 28 (41.2) 50 (41.3) 109 (42.6)

Percent of time spent in breast imaging

 <20% 49 (25.9) 13 (19.4) 32 (27.6) 66 (26.4)

 20–39% 45 (23.8) 18 (26.9) 29 (25.0) 66 (26.4)

 40–79% 26 (13.8) 16 (23.9) 9 (7.8) 38 (15.2)

 80–100% 69 (36.5) 20 (29.9) 46 (39.7) 80 (32.0)

Volume

Self-reported average # of screening mammograms per year over the past 5 years

 <= 1000 21 (11.4) 13 (19.4) 15 (12.7) 34 (14.0)

 1001–2000 67 (36.4) 18 (26.9) 43 (36.4) 84 (34.6)

 >= 2000 96 (52.2) 36 (53.7) 60 (50.9) 125 (51.4)

Percent of workload that is screening

 <=10% 80 (42.3) 22 (32.4) 51 (44.0) 103 (41.0)

 11–24% 64 (33.9) 26 (38.2) 40 (34.5) 89 (35.5)
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Radiologist Characteristic

Radiologists who use CAD
for screening
mammography

Radiologists who double
read screening
mammograms

Radiologists who use
CAD for screening, but
not double reading All radiologists

N (%) N (%) N (%) N (%)

 >=25% 45 (23.8) 20 (29.4) 25 (21.6) 59 (23.5)

Interpretative Practice

CAD use for screening mammography

 yes 195 (100.0) 45 (67.2) 121 (100.0) 195 (77.4)

 no 0 22 (32.8) 0 57 (22.6)

CAD use for diagnostic mammography

 yes 129 (69.0) 33 (50.0) 79 (68.1) 129 (52.9)

 no 58 (31.0) 33 (50.0) 37 (31.9) 115 (47.1)

Double read screening mammograms

 yes 45 (24.6) 68 (100.0) 0 68 (28.0)

 no 138 (75.4) 0 121 (100.0) 175 (72.0)

Double read diagnostic mammograms

 yes 38 (21.8) 49 (74.2) 0 59 (25.4)

 no 136 (78.2) 17 (25.8) 121 (100.0) 173 (74.6)
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