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OBJECTIVE. We evaluated the association between clinical image quality and breast can-
cer occurrence within 24 months of a negative mammogram.

MATERIALS AND METHODS. We identified women with breast cancer who were
younger than 40 years old and older and screened from January 1, 1988, through December 31,
1993. We retrospectively assigned Breast Imaging Reporting and Data System (BI-RADS) assess-
mentsto their screening mammogram. We classified cancers (invesive or ductal in Situ) as* screen-
detected” when found after positive assessments (BI-RADS codes 3, 4, and 5) and “interval-de-
tected” when found after negative assessments (BI-RADS codes 1 and 2). One reviewer evaluated
mediolateral oblique and craniocauda viewsfor al cancer cases using a 3-point scae (failure, bor-
derline, pass) for each measure of clinica image quality (positioning, breast compression, contrast,
exposure, noise, sharpness, artifacts, overal quality). We used separate logistic regresson models
and evaluated the odds of interval invasive cancer or invasive plus in situ cancer as a function of
each measure of quality using “pass’ asthe referent group.

RESULTS. We found 492 screen-detected and 164 interval-detected cancers that met
study criteria. Cancer detection (sensitivity) was highest (84%) among patients with proper
breast positioning, but when images failed this measure (33.4%), sensitivity fell to 66.3%. Af-
ter adjustment for age, film date, and breast density, interval-detected invasive cancers were
more likely after images failing positioning (odds ratio, 2.57; 95% confidence interval, 1.28—
5.52%). Failures in overall quality were also associated with interval cancers when cases of

ductal carcinomain situ (p = 0.037) were included.
CONCLUSION. Invasive breast cancer detection by mammography may be improved

through attention to correct positioning.

chieving mortdity  reductions
through screening  mammography
requires high-quaity examinations.
Both technica and dlinica agpects of the exami-
nation affect mammographic qudity [1]. Techni-
cd qudity assessment includes evduaion of
imaging eguipment with astandardized test object
(phantom), evauation of the processor to be sure
it is gopropriately set for the film used, and mea
surement of the radiation dose to the breadt [2].
Clinical image qudity assessment involvesreview
of the films produced by a facility and consider-
ation of pogtioning, breast compression, contradt,
exposure, noise, sharpness, artifacts, and labeling
[1, 3]. Our study evduates the effect of failuresin
clinical image qudity on the likelihood of cancer
occurring within 24 months of negative findings
0N ascreening mammogram.
The United States Congress passed the
Mammography Quality Standards Act of
1992 to establish national standards [3]. The

Mammography Quality Standards Act estab-
lished a mammography certification program
that includes evaluation of facility personnel,
procedures, and technica image quality
through annual on-site ingpections and clini-
ca quality review at lesst every 3 years
through an accreditation body [2, 3]. This
certification program is designed to ensure
that all facilities in the United States achieve
or exceed minimum quality standards. Re-
sults of analyses in Minnesota and Colorado
suggest that the legislation has led to techni-
cal image quality improvements[4, 5].
Despite the intuitive appea of high-quality
clinical images, we are not aware of work that
directly assesses the link between al of its di-
mensions and cancer detection at the time of
screening (sengtivity). Some randomized trids
of mammographic efficacy assured aminimum
standard for mammography, and onetrial had a
systematic evauation of clinica image quality
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[6]. Another study showed that increased opti-
cd dendty is associated with a higher rate of
detecting tumors less than 10 mm in diameter
[7]. Although authors have described the pa
rameters of clinicd qudlity, little is known
about which ones affect cancer detection [1]. In
addition to quality, factors that may reduce the
sengitivity of mammography include technical
and interpretive errors [8-11], rapid tumor
growth [11-16], age [17], and breast density
[18-21]. Our study used a cohort design to
evauate the association between mammo-
graphic clinica image qudity and the detection
of cancer at the time of ascreening visit.

Materials and Methods
Setting

Patients included women enrolled with Group
Hesalth Cooperative of Puget Sound, a consumer-con-
trolled hedlth maintenance organization with 400,000
members serving western Washington state. The
study was reviewed and approved by the gppropriate
ingtitutional and human subjects review boards.

All female members of Group Health Coopera
tive who are 40 years old or older are invited to en-
roll in a breast cancer screening program [22, 23].
Program enrollment begins by completing arisk fac-
tor questionnaire. Once enrolled, women receive
regular reminders that they are due for screening.
Screening occurs through breast cancer screening
program centersin which women receive amammo-
gram and clinicad breast examination [23, 24].
Eighty-five percent of women members complete
the questionnaire and enroll in the program, so they
are eligible for regular reminders [23]. Physicians
may also order mammograms in the course of usua
care for screening or to evaluate a symptomatic
woman. All examinations occur through accredited
and certified radiology facilities. Results of dll
screening examinations that occur in the breest can-
cer screening program are recorded in an electronic
file on amainframe database.

Eligibility and Inclusion

We identified women enrolled in the breast cancer
screening program who were screened between Janu-
ary 1, 1988, and December 31, 1993. We designated
the “index examination” as awoman's last screening
mammogram. Among screened women, weidentified
those who met the following criteria: did not have a
breast cancer history beforetheindex examination, re-
mained enrolled in Group Hedlth Cooperative, or died
of any cause during the succeeding 24 months after
the examination and were diagnosed with ductd car-
cinomain situ or invasive breast cancer (codes 174.0
through 174.9; International Classification of Dis
easesfor Oncology [25]) within 24 months of their in-
dex examination and before thelr next screening
mammogram. All cancers were identified and vali-
dated through our local Surveillance, Epidemiology,
and End Results cancer registry.
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Mammographic Assessments

The interpretations for al mammograms occurred
before implementation of current American College
of Radiology Breest Imaging Reporting and Data
System (BI-RADS) terminology, so we retrospec-
tively assigned BI-RADS codes [26]. To meke the as-
signment usng a common standard, we gathered
information from the women's paper medica records,
their recorded mammogram assessments (negative,
benign, indeterminate, positive), and the radiologists
recommendations (follow-up in 6 months, follow-up
=1 year, surgica evaluation, or biopsy). We used this
information to systematicaly classify the interpreta
tionsin accordance with American College of Radiol-
ogy BI-RADS terminology [18, 27]. Any negetive or
benign screening assessment associated with arecom-
mendation for a follow-up mammogram after 1 or
more years was classfied repectively as BI-RADS 1
(negative) or BI-RADS 2 (benign finding). Any “in-
determinate’ assessment associated with a recom-
mendation for a follow-up mammogram after 1 or
more years was classfied as BI-RADS 2 (benign
finding). Any “indeterminate’ associated with a 6-
month follow-up recommendation was classfied asa
BI-RADS 3 (probably benign). Any “indeterminate’
or “pogitive’ assessment associated with arecommen-
dation for asurgical evauation, biopsy, or both within
90 dayswas classified as BI-RADS 4 or 5 (suspicious
or highly suggestive). The original mammography as-
sessments were recorded after the evauation of addi-
tional imagesif any were required.

Classification of Cases

We classified screen-detected cancers as those di-
agnosed among women within 24 months of a posi-
tive assessment of their screening mammogram. A
positive assessment included American College of
Radiology BI-RADS codes 3, 4, and 5.

We classified interval-detected cancers as those
that occurred among women within 24 months of a
negative assessment of their screening mammo-
gram. A negative assessment included American
College of Radiology BI-RADS codes 1 or 2. We
aso counted any assessment as negative if abnor-
madlities noted by theradiologist werein the opposite
breast from that in which the cancer was detected.

We audited the charts of al interval-detected
cancers, al screen-detected cancers diagnosed af-
ter 3 months of their index mammogram, and 34
of the screen-detected cancers diagnosed within
90 days of their index mammogram to ensure that
our classification of screen-detected and interval-
detected cancer occurrence was accurate.

Sensitivity

We included al breast cancer cases (all screen-
detected and interval-detected cases) in our study
and cal culated the sensitivity of screening mammog-
raphy as the ratio of screen-detected cancers to the
sum of al screen-detected and interval-detected
cases. We calculated sensitivity for pass, borderline,
and failed cases for each measure of quality.

Mammography Quality Review

A single radiologist reviewed al mammographic
examinations to evauate breast-tissue density and
image qudity. The quality reviewer was unaware of
the age, detection status (screen vs interval cancer),
or year of the mammogram for any women. The re-
viewer is the associate director for policy and clini-
cd affairs of the Division of Mammography Quality
and Radiation Programs of the Food and Drug Ad-
minigtration. This divison administers the Mammog-
raphy Quality Standards Act. He is a board-certified
Mammography Quality Standards Act—qualified
interpreting physician.

The reviewer rated the images for densty and
quality. He evaluated density on the basis of the four
standard BI-RADS categories (almost entirely fat,
scattered fibroglandular densities, heterogeneously
dense, extremely dense). He evaluated the seven im-
age quality attributes described in the Food and Drug
Adminigtration’s regulations [3] (positioning, com-
pression, exposure, noise, sharpness, contrast, and
artifacts) using a grading scale developed specifi-
cdly for this study based on previoudy published ar-
ticles addressing image quaity [1, 28, 29].

Each clinical qudity attribute (positioning, com-
pression, exposure, sharpness, noise, artifacts, and
contrast), aswell as an overall assessment, was rated
ona5-point ordinal scale based on thefollowing: po-
sitioning, graded on the basis of the amount of pecto-
ral muscle visualized, presence of retroglandular fat,
no laterd glandular tissue cutoff film, craniocaudal
nipple line within 1 cm of mediolateral oblique nip-
pleline, and nipple in midline and profile on cranio-
caudal view; compression, graded on the basis of the
separation of anatomic structures, uniform tissue ex-
posure, no motion unsharpness, and good penetration
of thicker areaswithout overpenetration of thin aress;
exposure, graded on the basis of visudization of de-
tall in dense glandular and fatty tissues, underlying
tissue seen through pectoral muscle on mediolateral
oblique view, and skin line visudized; sharpness,
graded on the basis of the amount of blurring of
edges of linear structures, tissue borders, and cacifi-
caions—no blurring, minimal blurring identified
with amagnifying glass, moderate blurring identified
with a magnifying glass, or blurring identified capa-
ble of obscuring or cregting lesions; noise, graded on
the basis of the amount seen—no noise, minimal
noise identified with a magnifying glass, moderate
noiseidentified with amagnifying glass, noiseidenti-
fied without a magnifying glass, or noise causing ar-
tifacts capable of obscuring or cregting lesions;
artifacts, graded on number seen—none, 1-5 seen
but none smulate a lesion or significantly obscure
anatomy, 1-5 artifacts seen and some smulate a le-
sion or sgnificantly obscure anatomy, 5-10 artifacts
seen and some sSimulate a lesion or significantly ob-
scure anatomy, or greater than 10 artifacts seen and
some smulate alesion or significantly obscure anat-
omy; contrast, graded on good differentiation of fat,
glandular, dense glandular, and cdcific dengties. Af-
ter rating each of the clinica quality attributes of the
mammograms, the radiologist provided asingle sub-
jective overal evauation of their quality. The specific
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grading scaes have not been used by accreditation
bodies athough the qudlity attributes are part of rou-
tine review. Because few films were scored a the
very upper and very lower ends of the scale, we col-
lapsed the rating to three points: pass (clinica qudity
score = 1, 2), borderline (clinical quaity score = 3),
and fail (clinica quality scale = 4, 5). Quaity was
rated separately for two mediolatera oblique and two
craniocauda views, and the worst quality rating for
either view was used in the analyses.

Analysis

We compared the clinicd qudity of mammo-
grams among women with interval-detected cancers
with that of screen-detected cancers using logistic
regression. Qudity was included as an independent
categoric variable in the logistic regression models
with passing quality asthe referent category for each
messure and interval detection versus screen detec-
tion as the dependent varigble. Models were esti-
meated separately for each of the seven attributes and
for one overdl quality measure. For each model, we
present estimated odds ratios and 95% confidence
intervals of interval detection for borderline versus
passing qudity and failing versus passing quality.
We aso include p values for the overdl effect of the
quality measure, based on the change in log-likeli-
hood. Tables present both unadjusted and covariate-
adjusted odds ratios. We estimated adjusted odds
ratios from logistic regresson models that smulta:
neoudly included the main effects of age, the year of
the index examination, and the parenchymal density
of the contraateral breast. Adjustments for age and
density were made because they are known to have
an effect on mammographic accuracy [18, 27], so
we expected that they might modify the effect of
quality on interval detection. We made an adjust-
ment for the year of the mammogram to account for
changes in technology over time. We did not adjust
for body mass index because of its close correlation
with density and because density is a stronger pre-
dictor of mammographic accuracy [18]. We used
Spearman’s rank correlation to explore bivariate re-
lationships among the seven individual and one
overall mammographic quality measures.

QOur primary anayses focus on the probability of
interval detection among women with invasive can-
cer using BI-RADS 1 or 2 as negative assessments
and afollow-up period of 2 years. We explored the
robustness of these results viathree additional sets of
andyses. These subanalyses used different sub-
groups of women and different definitions of screen
and interval detection. The first set of subanalyses
expanded the sample used for primary anayses to
include women with ducta carcinoma in situ. The
second set of subanalyses was restricted to invasive
cases diagnosed within 13 months of their index
mammogram. The third set of subanalyses used the
same sample as the primary analyses but changed
the definition of negative assessments to include BI-
RADS 1, 2, or 3. This change meant that women
given aBI-RADS 3 assessment were classified asin-
terval-detected, whereas they were counted as
screen-detected in the primary analysis.
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Proportion of Screen-Detected and Interval-Detected Invasive Breast
L V.\: 15Nl Cancers and Specific Characteristics of the Woman, Tumor Size, and Year
of Examination
Screen-Detected? Interval-Detected®
Characteristics
n =396 % n=152 %

Age of woman

40-49 yr 34 8.6 34 22.4

50-59 yr 85 215 38 25.0

60-69 yr 134 33.8 38 25.0

270 yr 143 36.1 42 27.6
Breast density®

Low 300 75.8 73 48.0

High 95 24.0 78 51.3
Body mass index d

Lean (<25) 189 48.6 86 58.5

Preobese (25-<30) 119 30.6 44 29.9

Obese (=30) 81 20.8 17 11.6
Size of tumor

<lcm 110 27.8 17 1.2

1-<2cm 174 43.9 62 40.8

2—<3cm 55 139 33 21.7

3—<4cm 17 43 9 5.9

4—<5cm 7 1.8 9 5.9

25cm 5 13 9 5.9

Unknown 28 7.1 13 8.6
Year of index examination

1988 43 10.9 15 9.9

1989 41 104 12 79

1990 75 18.9 21 138

1991 55 13.9 28 184

1992 91 229 30 19.7

1993 91 229 46 30.3

aCancer found within 24 months of a positive (Breast Imaging Reporting and Data System [BI-RADS] [26] codes 3, 4, and 5)

assessment of the screening mammogram.

bCancer found within 24 months of a negative (BI-RADS codes 1 and 2) assessment of the screening mammogram.

“Based on BI-RADS (almost entirely fat or scattered fibroglandular densities = low; heterogeneously dense or extremely
dense = high). Missing for one interval-detected and one screen-detected case.

dWeight in kilograms / square of height in meters; missing for five interval-detected and seven screen-detected cases.

Results

Between January 1, 1988, and December
31, 1993, 676 women developed carcinomain
situ or invasive breast cancer subsequent to a
screening program visit and met the enrollment
criteria. We excluded eight woman for the fol-
lowing reasons: one requested exclusion from
breast cancer studies; two women were diag-
nosed without a screening program visit, so
their mammographic interpretation was not in
the automated data; one woman was referred
for surgical evaluation on the basis of clinical,
rather than mammographic, findings, and four
women had breast implants and were not €ligi-
ble for usua mammographic screening. After
excluding these eight women, 668 women re-

mained. We excluded 12 women with lobular
carcinomain situ from this sample, leaving 656
women who contributed to final analyses. This
sample included 548 women with invasive
breast cancer and 108 women with ductd car-
cinoma in Stu. Our first classfication system
resulted in 164 interval-detected cancers and
492 screen-detected cancer (12 interval- and 96
screen-detected cancers among women diag-
nosed with ductal carcinomain situ and 152 in-
terval- and 396 screen-detected cancers among
women with invasve cancer). When we
changed the definition of a podtive mammo-
graphic assessment, 58 women given a
BI-RADS 3 assessment moved from the
screen-detected to interval -detected category so
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that there was a total of 222 intervdl- and 434
screen-detected cases. Eighty-two percent of all
the in situ and invasive cancers were found
within 1 year, and the remaining 18% of cases
were diagnosed from 13 to 24 months of the
date of the screening mammogram.

Table 1 displays the characterigtics of the
women with screen-detected (n = 396) and in-
terval-detected (n = 152) invasive cancers. As
described elsawhere, the interva cancers were
more likely to be among younger women, and
by thetimethey were detected, the cancerswere
somewhat larger than those found at screening
[27]. HAIf theinterval cancers occurred in 1992
and 1993, reflecting the growth in total screen-
ing volume during that time period.

Table 2 showsthedigtribution of clinical qua-
ity messures for mammograms among women
with screen-detected versus interval-detected inva-
sve cancers. Three parameters show digtributions
that vary sgnificantly among the screen-de-
tected and interva -detected cancers: positioning,
noise, and overdl quality. Among the cases that
failed to have good postioning, 35% failed only
the mediolaterd oblique view, 48% failed only
the craniocaudd view, and 17% failed for both
views. Among the cases that failed because of
noise, 17% failed only the mediolaterd oblique
view, 4% failed only the craniocauda view, and
78% failed both views. Among the cases that
failed overal, 30% faled only the mediolatera
oblique view, 14% failed only the craniocauda
view, and 56% failed both views.

Failures were rare (i.e., <3%) for compres-
sion, exposure, contrast, and artifacts, and
these failures appeared to occur a similar rates
for screen-detected and interval-detected can-
cers. Failures for sharpness were somewhat
more common, and athough interval-detected
cases failed the subjective evaluation of image
sharpness more often than screen-detected
cases (10.5% vs 6.3%), this difference was not
satigticaly significant (p = 0.167).

Overall quality was most strongly corre-
lated with positioning (0.59), and only mod-
erately correlated with other components of
quality (ranging from 0.23 to 0.36).

Table 3 shows the proportion of cancers
that were screen-detected (sendtivity) for
each level of quality (pass, borderline, fail)
within each of the measures. The proportion
of interval-detected cancers is shown as 1-
sensitivity. The model estimates the odds ra-
tio and adjusted odds ratio of interval cancer
for poor and borderline quality relative to
passing quality. The model also estimatesthe
relationship of the measure as awhole to in-
terval cancer occurrence; p values for the
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Distribution of Mammographic Quality Scores Among Images for Women
with Screen-Detected and Interval-Detected Invasive Breast Cancers
Clinical Image Quality Screen-Detected? Interval-Detected®
Measure n=396 % n=152 %
Position®
Pass 65 16.4 12 7.9
Borderline 201 50.8 74 48.7
Fail 130 32.8 66 434
Compression
Pass 300 75.8 110 124
Borderline 87 22.0 39 25.7
Fail 8 2.0 3 2.0
Exposure
Pass 318 80.3 133 87.5
Borderline 70 17.7 19 125
Fail 8 2.0 0 0.0
Noise!
Pass 295 74.5 99 65.1
Borderline 84 21.2 35 23.0
Fail 17 43 18 11.8
Sharpness
Pass 258 65.2 89 58.6
Borderline 13 28.5 47 30.9
Fail 25 6.3 16 10.5
Contrast
Pass 337 85.1 136 89.5
Borderline 56 14.1 15 9.9
Fail 3 0.8 1 0.7
Artifacts
Pass 337 85.1 123 80.9
Borderline 50 12.6 25 16.5
Fail 9 23 4 2.6
Overall quality®
Pass 37 9.3 9 5.9
Borderline 170 429 52 34.2
Fail 189 41.7 91 59.9

aCancer found within 24 months of a positive assessment (Breast Imaging Reporting and Data System [BI-RADS] [26] codes

3,4, and 5) of the screening mammogram.

bCancer found within 24 months of a negative assessment (BI-RADS codes 1 and 2) codes of the screening mammogram.

©p< 0.05.
d4p < 0.005.

messure reflect the evaluation of this associ-
ation. Failing or borderline positioning was
associated with the occurrence of interval in-
vasive cancers. Sensitivity dropped from
84.4% among cases with passing positioning
to 66.3% among cases with failed position-
ing. Borderline exposure was & so associated
with interval cancer occurrence but not in the
expected direction. Borderline exposure ap-
pears to be associated with increased sensi-
tivity in this analysis. Because the number of
cases was small and no interval cancers were

detected among those cases that failed expo-
sure, confirmation of the finding regarding
exposure must occur in other settings. Noise
and overall quality were a so associated with
interval cancer occurrence.

Table 3 shows that adjusting for patient age,
film date, and breast density had little effect on
associations between film quality and interval
cancer occurrence within 2 years. After adjust-
ment, faling or borderline postioning re-
mained sgnificantly associated with the
occurrence of interval cancers by 24 months.

AJR:178, April 2002
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TABLE 3

Unadjusted and Adjusted Odds Ratios? for Interval-Detected Versus
Screen-Detected Invasive Cancer

Screen- Interval- Unadjusted Adjusted
Clinical Detected Detected
Image Quality | Proportion® | Proportion® Odds of 95% Odds of 95%
Measure | (Sensitivity) | (1-Sensitivity) Interv.al cl Interv.al cl
(%) (%) Detection Detection
Position
Pass 84.4 15.6 1 1
Borderline 73.1 26.9 1.99 1.05-4.07 2.04 1.04-4.30
Fail 66.3 33.7 275 1.43-5.67 257 1.28-5.52
p <0.01¢ <0.058
Compression
Pass 13.2 26.8 1 1
Borderline 69.1 30.9 1.22 0.78-1.88 0.74 0.45-1.20
Fail 72.1 213 1.02 0.22-3.61 0.43 0.06-1.90
Exposure
Pass 70.5 29.5 1 1
Borderline 78.7 213 0.58 0.33-0.98 0.51 0.26-0.93
Fail 100.0 0 NE NE
p <0.05¢ <0.05°
Noise
Pass 74.9 25.1 1 1
Borderline 70.6 294 1.24 0.78-1.95 0.83 0.49-1.36
Fail 43.6 51.4 3.16 1.56-6.41 1.93 0.88-4.19
p <0.01¢
Sharpness
Pass 744 25.6 1 1
Borderline 70.6 294 1.21 0.79-1.82 1.01 0.64-1.58
Fail 61.0 39.0 1.86 0.94-3.61 1.87 0.88-3.89
Contrast
Pass 73 28.7 1 1
Borderline 78.9 211 0.66 0.35-1.18 0.57 0.28-1.10
Fail 75.0 25.0 0.83 0.04-6.51 1.02 0.05-8.88
Artifact
Pass 73.3 26.7 1 1
Borderline 66.7 333 1.37 0.80-2.29 1.52 0.85-2.67
Fail 69.2 30.8 1.22 0.32-3.81 1.65 0.38-5.89
Overall
quality
Pass 80.4 19.6 1 1
Borderline 76.6 234 1.26 0.59-2.93 1.10 0.49-2.70
Fail 67.5 55.9 1.98 0.95-4.53 1.74 0.80-4.15
p <0.05¢

Note.—Compression is missing for one case. Each column represents results of separate logistic regression models: one set
of unadjusted models that includes only ratings for a single measure of quality (failure, borderline, pass) and one set of models
thatincludes each measure after adjusting for age, film date, and breast density. pvalues are included for statistically significant

findings. Cl = confidence interval, NE = parameter could not be estimated.

80dds of cancer among women with borderline- or failed-quality films relative to women with films that passed the quality

assessment.

bCancer found within 24 months of a positive assessment (Breast Imaging Reporting and Data System [BI-RADS] [26] codes

3,4, and 5) of the screening mammogram.

CCancer found within 24 months of a negative assessment (BI-RADS [26] codes 1 and 2) of the screening mammogram.

dp value for overall effect of the quality measure based on the change in log-likelihood, unadjusted model.

€pvalue for overall effect in model, adjusted for age, film data, and density.
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Borderline exposure also remained associated
with interval cancer occurrence. Covariate ad-
justment reduced the effect of noise and over-
al quality so that the associations were no
longer atisticaly significant, but the point es-
timates continued to suggest an effect that
needs further evaluation in alarger study.

Not shown in Table 3 are results based on
the three subanalyses using aternate samples
and definitions of interval detection. The results
for these subanalyses using the fully adjusted
mode differed dightly from the analyses pre-
sented in Table 3, athough the direction of ef-
fects was the same as that in the primary
andysis. In al three subandyses, positioning
remained associated with interval cancer occur-
rence. When women with ducta carcinomain
situ were included, overal quality was dso as-
sociated with interval cancer occurrence
(p = 0.04). When the sample was redtricted to
interval cancer within 13 months of the screen-
ing mammogram, exposure was no longer as-
sociated with interva cancer occurrence. When
a negdive assessment included BI-RADS
codes 1, 2, and 3, exposure was no longer asso-
ciated with interval cancer, athough both noise
and overall quality were aso significantly asso-
ciated with interval cancer (p = 0.04 and 0.02,

respectively).

Discussion

To our knowledge, ours is the first study to
assess the association between al clinical im-
age quality parameters and interva cancer oc-
currence. We found an association between
images thet failed our positioning measure and
interval cancer occurrence. The association per-
Ssts under a variety of definitions of interval
cancers, such aswhether we include ducta car-
cinomain situ in the cancers, whether we iden-
tify cancerswithin 1 or 2 years of the screening
mammogram, and whether we include BI-
RADS code 3 (probably benign) as a negative
assessment. The association between postion-
ing and interval cancer occurrence by 2 years
aso persists after adjustment for women's ages
a the index mammogram, year of the index
mammogram, and breast density.

Failuresin overdl quality appeared to be as-
sociated with interval cancers when we in-
cluded ductal carcinoma in situ cancers and
invasive cancers in the dependent variable.
This association persisted after adjustment for
body mass index and density. Overal quality
is highly correlated with positioning quality,
but consideration of the other elements such as
sharpness and noise may also be important be-
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cause fallures in these measures also were
more common among interval cancers (Table
2). Whether failures in overal quality are im-
portant depends on the clinical significance of
ductd carcinoma in situ. Despite the contro-
versies surrounding the natural history of duc-
tal carcinomain stu, belief is widespread that
its detection and trestment are important [30,
31]. Attention to noise, sharpness, and posi-
tioning as important aspects of overal clinica
image quality may, therefore, also improve
screening detection.

Mammography thet failsin sharpness, noise,
or pogtioning is amenable to improvements.
Sharpness could improve by reducing patient
motion, reducing mammography unit vibration,
using asmaler focd point, and usng high-detail
film cassattes [32, 33]. Optimizing background
optical dengity, increasing radigtion dose, or us-
ing high-detail film could decrease failures in
noise [34]. Falures in postioning are particu-
larly operator-dependent and can be improved
by training technologists[35, 36]. Optima posi-
tioning maximizes the amount of breast tissue
seen ontheimage, usesafully rotetiond C-arm,
and tekes into account the woman's habitus.
Conggtent with work by Bassett et d. [36], the
measure of quality used in our study emphasized
visudization of the pectora muscle, the pres-
ence of retroglandular fat, and the nipple profile.
However, compression isnoted asaconditionin
Bassett's work, and we assessed that separately
in our study.

Despite the robustness of our findings, some
limitations in this study might be addressed in
future studies of clinica image quality. Our se-
ries included interval cancers subsequent to
films taken in 1988-1993 and required retro-
spective assgnment of BI-RADS codes. Those
codes were systematicaly assigned before the
cancers were classified as screen-detected or
interval-detected cancers, so any bias is ex-
pected to be minimal. However, a stronger de-
sign would use prospective interpretations.
Mammographic quality has improved since
1993, and failures in sharpness and noise may
be less common now. Therefore, those failures
now could be associated with interval cancers.
Increased attention has been paid to the impor-
tance of positioning [35]. Our study reinforces
the importance of positioning, and athough
the frequency of failure may have changed, it
seems unlikely that failures in positioning
would have lost their association with interval
cancer occurrence. Findly, we drafted mea-
sures of clinica quality on the basis of experi-
ence and knowledge of the literature, but they
do not represent a gold standard. They are a
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reasonable standard, and improvements in
these measures might be considered in afuture
work. Furthermore, accreditation bodies assess
these same quality attributes when evauating
films submitted for accreditation purposes, but
they use different film sdection criteria. Films
submitted for accreditation are expected to
represent the highest quality and are evaluated
a that level. Therefore, the specific grading
scale described in this article is not the one
used by accreditation bodies.

Ancther limitation of the study deserves
separate atention. We used a single rater to
evaluate breast density and quality. That per-
son was aso the person who developed the
qudlity scale. Although our method provided a
consstent standard, it dso may have intro-
duced some bias because the gpplication of the
sandard could have beeninfluenced by therater’s
commitment to its use and whether the rater
could see the cancer on the films. However, at
the time of the rating, the rater did not know
whether the cancer was screen-detected or oc-
curred in the subsequent interval. We know
that about two thirds of cancers found in the
interval subseguent to the screening could ac-
tually be seen at the time of the screening [27].
Therefore, we do not think thet the rater’s abil -
ity to see the cancer would introduce a large
bias in the evaluation of the images when he
did not know if they would be classfied as
screen-detected or interval-detected cancers.
However, some persistent bias may exit if the
rater was gtricter in the application of the qual-
ity scale when a subtle cancer was identified.
An dternative design would be to rate density
and qudity independently and use multiple re-
viewers with an average of their evaluations
rather than the single rating. When others im-
plement our quality measure and when multi-
ple reviewers independently evaluate density
and qudlity, the replication of our findings will
be tested. Such atest is even more important
given the association we found.

Although the associations between position-
ing and occurrence of invasive interva cancer
gppear robust, the lack of association with other
measures does not mean those measures are not
important. Failures of other quality meesures,
including noise and overal quality, were associ-
ated with interva cancer occurrence under
some conditions. Failures in compression, con-
tragt, and artifact were relaively rare. The lack
of associdion between failures in these mea
sures and interval cancer occurrence may Sm-
ply reflect this rarity. Condderation of more
sengitive scaes for these measures may dso be
important. Young et d. [7] showed that achiev-

ing optimal optical dendity as measured by the
automatic exposure control on the mammogra-
phy unit is associated with the higher observer-
rated imege quality and smaler tumor detection.
In our study, however, we had asingle observer,
whereas Young et d. had four, and we did not
include ameasure of optical dendty in our and-
ysis. Wedsoincluded dl interval cancerswitha
full range of sizes. Further study of the influ-
ence of mammographic quality on interval can-
cer occurrence might consider the development
of more sendtive measurement scales, using
multiple reviewers, and the evauation of the ef-
fects of quality on small-tumor detection.

In summary, we found that failures in po-
sitioning were associated with subsequent
interval cancer occurrence under al condi-
tions considered. Failures in the measures of
sharpness were associated with interval can-
cer occurrence depending on the cancers in-
cluded; follow-up periods; and adjustments
for age, year of study, and breast density. Our
results emphasize the importance of atten-
tion to positioning and indicate that accept-
ing even borderline positioning that reduces
the visualization of the pectoralis muscle or
the nipple may increase the likelihood of
missing an invasive breast cancer and reduce
the sengitivity of mammography.
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