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Introduction

Compared with other countries in the Middle East, Qatar has one of the highest breast cancer incidence and mortality rates (1). In a ret-
rospective review of 268 breast cancer patients in Chicago, Rauscher et al. found that lower image quality scores were associated with late 
stage breast cancer diagnoses, even after adjusting for patient and practice related characteristics (2). There is limited information about 
mammography image quality in Qatar. Our purpose was to evaluate the clinical image quality of mammography examinations performed 
at a tertiary care center in Doha, Qatar using a standardized assessment tool.

Materials and Methods

Ethics committee and institutional review board (IRB) approval was obtained for our retrospective study. Informed consent was not 
required for retrospective review of previously collected images. This study was supported by a grant from the Qatar National Research 
Fund (QNRF), project number NPRP9-189-3-031.
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ABSTRACT

Objective: Compared with other countries in the Middle East, Qatar has one of the highest breast cancer incidence and mortality rates. Poor 
quality mammography images may be associated with advanced stage breast cancer, however there is limited information about the quality of breast 
imaging in Qatar. Our purpose was to evaluate the clinical image quality of mammography examinations performed at a tertiary care center in Doha, 
Qatar using a standardized assessment tool. 

Materials and Methods: Bilateral mammograms from consecutive patients from a tertiary care cancer center in Doha, Qatar were obtained. 
Proportions of examinations deemed adequate for interpretation were estimated. Standardized clinical image quality assessment form was utilized to 
evaluate image quality components. For each image, image quality components were given grades on a 1-5 scale (5- excellent, 4- good, 3- average, 
2- fair, 1- poor). Mean scores with 95% confidence intervals were estimated for each component. 

Results: Consecutive sample of 132 patients was obtained representing 528 mammographic images. Overall, 99.2% of patients underwent examina-
tions rated as acceptable for interpretation. Mean scores for each image quality component ranged from 4.045 to 5.000 (lowest score for inframam-
mary fold). Image quality component scores were 93.0% excellent, 5.2% good, 1.1% average, 0.6% fair, and 0.1% poor. 

Conclusion: Overall image quality at a tertiary care center in Doha, Qatar was acceptable for interpretation with minimal areas identified for im-
provement. 
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Study results were reported using Strengthening the Reporting of Ob-
servational Studies in Epidemiology (STROBE) guidelines for report-
ing observational studies (3). 

Study design
Our study design involved retrospective evaluation of consecutive im-
ages performed from October 2018 to January 2019. 

Data sources/measurement
Clinical image quality of mammography images was evaluated using 
Hologic SecureView Dx viewing software (Hologic Inc., Marlbor-
ough, MA, United States). Images were acquired using Hologic Sele-
nia Dimensions 2D and 3D mammography units installed in 2016 
(Hologic Inc., Marlborough, MA, United States). Initial evaluation of 
clinical image quality was performed by the interpreting radiologist. 
External review of clinical image quality review was subsequently per-
formed by a breast imaging faculty member with 4 years of experience 
in breast imaging. Review was blinded to final assessment, whether or 
not examination was technically recalled, and the technologist per-
forming the examination. 

Setting
Mammography images were acquired from two sites associated with a 
tertiary care center in Doha, Qatar. The tertiary care center is the main 
provider of secondary and tertiary healthcare in Qatar (4). At both 
sites, women present for diagnostic mammography. 

Participants
Images from consecutive patients from two different imaging sites was 
obtained from October 2018 to January 2019 was included. 

Study size
The study size was based on available number of eligible adult patients 
presenting to the two sites. 

Variables

Dependent variables
Outcomes for the study included subjective binary assessment as to 
whether or not the examination was technically adequate for clinical 
interpretation (Adequate vs Not Adequate for Interpretation) as well 
as outcomes from standardized assessment form. Standardized image 
quality assessment was derived from recommendations produced by a 
working group of the National Health Service Breast Screening Pro-
gramme (NHSBSP) Clinical and Professional group for Radiography, 
developed for the National Health Service in the UK (5). The standard 
image quality assessment form involved subjective assessment of the 
following items (Figure 1): Correct patient ID & Markers, Appropriate 

exposure, Adequate compression to hold breast firmly - no movement, 
Image sharp, No artefacts obscuring image, No obscuring skin folds, 
Nipple in profile, Pectoral muscle to nipple level, Pectoral muscle at 
appropriate angle, IMF shown clearly, Medial border demonstrated, 
Back of breast clearly shown with some medial central & lateral, Some 
axillary tail shown. Appropriate exposure refers to subjective reader 
perception of exposure (standardized quality assessment form does 
not include quantitative benchmarks or reference levels for radiation 
dose). For each item, each image (RMLO, LMLO, RCC, LCC) was 
given a 1-5 score (1- poor, 2- fair, 3- average, 4- good, 5- excellent). 
For patients who had repeat views, each image quality component was 
evaluated on the best possible view obtained for the evaluation of each 
specific component of image quality. 

Independent variables
Independent variables included imaging site, age and breast density 
(categorized as dense (“The breasts are heterogeneously dense, which 
may obscure small masses”, “The breasts are extremely dense, which 
lowers the sensitivity of mammography”) vs not dense (“The breasts 
are almost entirely fatty”, “There are scattered areas of fibroglandular 
density”). 

Statistical analysis
Proportion of examinations considered as adequate were estimated, 
stratified by imaging site and breast density. For each component of 
clinical image quality for each image, means and 95% confidence 
intervals were estimated. Multiple variable linear regression analyses 
were conducted to evaluate the association between image quality 
parameters and imaging site, age and breast density. Analyses were 
conducted using STATA 11 (StataCorp, College Station, TX, United 
States). Two-tailed p values less than 0.05 were considered statistically 
significant.

Results

A total of 528 images were obtained from 2 sites from 132 unique 
patients (90 patients from one site and 42 patients from the other 
site). All of the examinations (100%) in our study were initially inter-
preted as technically adequate by the interpreting radiologist. External 
review of these examinations found 99.2% (131/132) of patients un-
dergoing technically adequate examinations for clinical interpretation. 
The one discrepant examination was one in which image quality was 
considered as not adequate for interpretation was rated as inadequate 
secondary to the sharpness of the LMLO image (rated as poor in the 
standardized image quality assessment form). 

Quantitative ratings for each of the image quality components from 
external review are presented in Table 1 with 95% confidence intervals. 
Mean scores for each image quality component ranged from 4.045 to 
5.000 with a few of the indicators having perfect image quality scores 
(Correct Patient ID, Medial border demonstrated, Back of breast 
clearly shown with some medial central & lateral, Some axillary tail 
shown). Overall 93.0% of the image quality component scores were 
excellent (5,404/5,808), 5.2% were good, (304/5,808), 1.1% were 
average (66/5,808), 0.6% were fair (33/5,808) and 0.1% were poor 
(1/5,808). Image quality component with the lowest score was infra-
mammary fold (mean 4.083) with 40.9% of the images with excellent 
scores, 35.6% of the images with good scores, 14.4% of the images 
with average scores, 9.1% of the images with fair scores and 0.0% of 
the images with poor scores. 125
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Key Points

•  99% of studies conducted at a tertiary care cancer center in Doha, 
Qatar were deemed adequate for interpretation, results that are com-
parable to academic centers in the United States and Europe.

• Using our standardized quality improvement instrument, we found 
that visualization of the inframammary fold was the most common-
ly identified area for improvement.

• Standardization of performance and evaluation of mammography 
images will be essential to maintaining and improving the quality of 
screening and diagnostic breast imaging.



Discussion and Conclusion

In our study, 99% of studies conducted at a tertiary care center in 
Doha, Qatar were deemed adequate for interpretation, results that are 
comparable to high volume academic centers in the United States and 
Europe (6, 7). With adequate image quality performance, our results 
suggest that image quality may not be an explanation for higher rates 
of advanced stage breast cancer in Qatar. 

As the country develops additional capacity and awareness for mam-
mography screening, it will be important to continuously monitor im-
age quality. Using our standardized instrument, we identified a few 
specific areas for improvement, specifically the inframammary fold. 
NHS Breast Screening Guidance for breast screening mammographers 
states that the inframammary angle should be clearly demonstrated 
without overlapping chest wall tissue. This positioning ensures that 
the breast has been lifted and that the postero-inferior part of the 
breast has been adequately imaged. Previously published studies have 
suggested that the inframammary fold is one of the most commonly 
cited reasons for technical recalls (8). Writing in the Society of Breast 
Imaging Newsletter, Louise C. Miller provided several suggestions for 
improving visualization of the IMF and reducing skin folds (9). To 
improve visualization of the IMF, the IMF should be placed onto the 
image receptor. To reduce folds, technologists may utilize several cor-
rective actions including smoothing lateral and inferior breast tissue 
before lifting the breast up and out, maintaining the up and out posi-
tion throughout breast compression, and having the patient lift her 
contralateral breast up and back. In addition to the IMF, usage of a 

standardized instrument can help facilitate comprehensive longitudi-
nal monitoring of components of clinical image quality. 

High performance quality control for breast images includes not only 
evaluation of image quality of clinical images but also breast phantoms. 
Phantoms quantitatively evaluate the capacity of mammographic sys-
tems to image structures, similar to those found clinically. Gürdemir 
and Aribal used the American College of Radiology (ACR) phantom 
to assess the image quality of mammography units in Istanbul (10). 
The ACR phantom contains 16 objects that mimic structures seen 
clinically (spiculations, microcalcifications and small masses). Images 
from 38% of the imaging units had unacceptable quality scores. In 
our study, we found that 99% of studies had acceptable image quality 
study, however our study focused on clinical image quality evaluation. 
Future studies should be conducted including breast phantoms to 
evaluate whether or not imaging units in Qatar can identify structures 
that mimic early breast cancers. 

Standardization of performance and evaluation of mammography 
images has been associated with improvements in image quality (6). 
The International Atomic Energy Agency (IAEA) convened a group 
of breast imagers, medical physicists and radiographers to evaluate and 
improve image quality in 15 countries (Bosnia and Herzegovina, Costa 
Rica, Egypt, India, Kenya, the Frmr. Yug. Rep. of Macedonia, Mex-
ico, Nigeria, Pakistan, Philippines, Slovenia, Turkey, Uganda, United 
Kingdom and Zambia) (11, 12). After performing a baseline evalua-
tion in these countries, the IAEA recommended several key interven-
tions to foster high quality imaging practices. Among these interven-126
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Figure 1. Standardized image quality assessment form
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tions, the IAEA recommended additional training in mammography 
positioning for technologists and performance measurements and do-
simetry for medical physicists. Implementation of these recommenda-
tions and several others were associated with improved breast imaging 
quality, capability and expertise. The improvements were particularly 
pronounced in diagnostic imaging centers, similar to the two sites as-
sociated with the tertiary care center where our study was performed. 
While our study focused on radiography, these types of multi-pronged, 
collaborative initiatives will be essential to maintaining and improving 
the quality of screening and diagnostic breast imaging. 

Limitations of our study include image quality evaluation performed 
by one reader and selection of study participants from two sites associ-
ated with one center. Our study was limited as external image quality 
evaluation was performed by just one reader. Though readings by mul-
tiple readers would provide more optimal evaluation of image quality 
parameters, results from the overall readings by one reader were similar 
to previously published evaluations of clinical image quality, suggest-
ing that double reading may not have significantly changed overall 
conclusions. Our study was also limited by the utilization of two sites 
associated with one center. While there are other sites that perform 
mammography screening, our study site is the site that provides tertia-
ry cancer care for patients in Qatar. Finally, our study was performed 
at diagnostic mammography sites. To develop a comprehensive picture 
of overall image quality, our study would also need to include screen-
ing sites. Unfortunately, implementation of breast cancer screening 
in Qatar has been limited (13). While widespread implementation of 
mammographic screening plays a critical role in reducing breast cancer 
mortality, expanding access to diagnostic mammography may facilitate 
access to high quality, effective treatment in women with later stage 
breast cancers (14). 

In conclusion, 99% of studies conducted at a tertiary care cancer cen-
ter in Doha, Qatar were deemed adequate for interpretation, results 
that are comparable to high performance academic centers in the 
United States and Europe. 
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