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Abstract

Objectives: To evaluate the mammography image and reporting quality in Turkey.
Materials and Methods: One hundred sixty five units which provide mammography examination services were included in the
audit. Samples of mammographic examinations conducted between July 1st and December 31st, 2012 were evaluated. Auditors com-
pleted web-based evaluation forms, including quality parameters and descriptive statistics on the patients and institutions.
Results: Nine hundred eighty eight mammography examinations were evaluated; 47.34% of them used mammography machines
less than 5 years old. Most of the older machines (10 years old or more) were grouped in private hospitals (22.1%) and university
hospitals (21%). Mammographic image quality evaluation showed 56.1% non-compliance with the standard parameters. Private in-
stitutions showed the highest failure rates (P < 0.001), and low-quality images mostly (42.2%) resulted from mistakes in positioning.
In 32% of the mammography reports, some mandatory information was incomplete. The reports were deemed inadequate in 59.2%
of the cases.
Conclusion: The audit showed significant deficiencies in terms of quality. We suggest investing more time and effort to train both
radiologists and radiologic technicians to implement image and report quality standards in their units. Moreover, our study em-
phasized the importance of the accreditation of the units.
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1. Background

Mammography screening is currently the most effec-
tive method for the early detection of breast cancer (1, 2),
but high mammography image quality is crucial for the
success of a breast screening program (3, 4). Quality stan-
dards for mammography have been established in vari-
ous countries, and breast imaging units are accredited and
monitored strictly (5-10). In Turkey, breast cancer screen-
ing standards were defined by the Turkish Radiology Soci-
ety (11). Although there is no national screening program
in Turkey, voluntary screening is done widely and screen-
ing costs are reimbursed for patients between ages 40 and
70.

2. Objectives

The aim of this study was to assess the quality of mam-
mographic examinations and reports in Ministry of Health
hospitals, university hospitals, and private breast imaging

units in Turkey. This study was performed with the cooper-
ation of the Ministry of Health (MOH).

3. Materials andMethods

Mammography units from all across the country were
included in the audit: of the 745 institutions which pro-
vide mammography examinations, 165 units were evalu-
ated. Eighty two were from MOH hospitals, 47 from pri-
vate hospitals, and 36 from university hospitals. Three
hospitals from Ankara, Istanbul, and Izmir were included,
along with at least one hospital from each province; all the
included hospitals performed at least 10 mammographic
examinations per day. A stratified sampling method was
used to determine which hospitals to include in the study.
In every hospital a supervisor was appointed as the coor-
dinator physician, to organize the data necessary for the
study. The number of patients to be included in the study
was determined in proportion to the unit’s number of
monthly mammograms. Specific mammograms were se-
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lected for auditing by the “Simple Random Sampling” tech-
nique.

A scientific audit commission was assembled, consist-
ing of two radiologists (EA, LA) from the breast study group
of the Turkish radiology society, one statistician (MBE), and
one coordinator (AS) from the ministry of health. The sur-
vey forms were created by this committee. All forms were
web-based and had two sections: the first section gathered
data on the hospital, equipment, and descriptive statis-
tics on the patients, while the second section included the
auditing measures. The coordinating physicians of the
selected institutions completed the first section. Coordi-
nators also collected mammography images and reports
and delivered them to the provincial health directorates,
who distributed them to the auditors. Furthermore, 34 au-
ditors were selected amongst the radiologists in the sur-
veyed hospitals who were experienced with breast imag-
ing. These auditors completed the second section of the
survey.

To assess the completeness of mandatory information
in the mammographic reports, the following data was
tracked: patient information, the name of the medical cen-
ter where the examination was performed, information
about the reporting doctor, the name of the procedure,
and the date of the examination. To assess the mammo-
graphic report quality, the following elements in the re-
ports were investigated: the reason for the examination,
the definition of the positions, the use of breast imaging
reporting and data system (BI-RADS) classification and ex-
pression of the findings, the final results, and the recom-
mendations.

Individual mammogram images were also evaluated
for mammographic image quality, based on positioning,
compression, contrast, density, artifacts, and labeling. The
auditors were free to report more than one deficiency. The
American college of radiology (ACR) and Turkish radio-
logic society (TRD) recommendations were used for image
analysis (11, 12). All mammograms were evaluated using
soft copies if the images were digital and hard copies if
they were analog. All the facilities were also asked to send
daily phantom images. The presence and also the confor-
mity of the daily phantom images were recorded. Statisti-
cal analyses were performed using SPSS version 15.0 (SPSS
Inc., Chicago, Il, USA). To test the significance of the rela-
tionship between the categorical variables, chi-square test,
Pearson’s chi-square test, and Fisher’s Exact test were used.
P value < 0.05 was accepted as significant.

4. Results

Totally 133,466 mammography examinations were per-
formed between July 1-December 31, 2012, and 988 of them

were evaluated in the study. Regarding age distribution,
4.5% of the patients were between 30 - 39 years of age, 40.8%
were between 40 - 49, 36% were between 50 - 59, and 13.4%
were between 60 - 69.

Among the mammography machines, 47.34% were
new machines (less than 5 years old), 36.7% were 5 - 10 years
old, and 16% were found to be 10 years or older (Table 1).

In the MOH hospitals, 66% of the machines were
younger than 5 years; this proportion was 46.1% in the uni-
versity hospitals and 47.7% in the private institutions (Ta-
ble 1). Most of the older machines (10 years or more) were
grouped in private hospitals (22.1%) and university hospi-
tals (21%), but only 5.25% of the machines in MOH hospi-
tals belonged to this group. The machine types were: 46.6%
analog machines with computed radiography (CR) pro-
cessing systems, 32% analog with analog developers, and
21.4% offered full field digital mammograms. The majority
of the machines (80.3%) were owned by the hospitals, and
the other 19.7% were service procurements. Totally 91.4% of
the university hospitals had their own machines, however
this rate was 89.4% in private hospitals and 67.6% in the
MOH hospitals. The mammograms were reported by reg-
istered doctors at the hospitals in 92.3% of cases, whereas
7.7% were reported by the procurement service.

The majority of the mammograms (74.8%) were first-
time mammograms for that patient, while 25.2% of pa-
tients had previous mammographic examinations. The
number of prior mammographic examinations was 1 in
61.7% of the patients, 2 in 20.4%, 3 in 7.5%, 4 in 4.5% and 5
or more in 5.9% of the patients. Among all patients, 39.3%
had completed another mammogram in the past year (Ta-
ble 1). Among these patients, 64.8% referred to MOH hos-
pitals, 32.6% referred to university hospitals, and 68.5% re-
ferred to private hospitals. Among the patients, 42.6% got
a new mammogram for screening reasons.

Mammographic image quality results showed 56.1%
non-compliance with the standards. There was a signifi-
cant difference between institutions (P < 0.001). The tech-
nical parameters were not in accordance with standards
in 24.8% of the university, 57.6% of the MOH, and 79.1%
of the private hospitals. When the inappropriate mam-
mographic images were evaluated, the deficiencies in the
quality of the mammographic images mostly (42.2%) re-
sulted from mistakes in positioning, followed by failures
in contrast and density (Table 2).

Daily phantom images were requested from each de-
partment, but only 2.6% of the departments sent a daily
phantom image.

Sixty eight percent of the mammography reports in-
cluded the mandatory information, but in 32% of them it
was found to be incomplete. The information was incom-
plete in 39.2% of the private, 35.8 of the MOH, and 17.3% of
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Table 1. Auditing Measures, Results and Distribution Throughout Institutions

AuditingMeasures Type of Institution P Value

MOHHospitals University Hospitals Private Hospitals

Number of audited units 82 36 47

Number ofMMG evaluated 835 367 435

Age ofMMGmachines, (%) P < 0.001

0 - 5 years 66 46.1 47.7

5 - 10 years 28.8 32.9 30.2

10 years over 5.25 21 22.1

Propriety of themachines, (%) P < 0.001

Owner 67.6 91.4 89.4

Procurement 32.4 8.6 10.6

Time of priorMMG, (%) P < 0.001

Less than 1 year 64.8 32.6 68.5

More than 1 year 35.2 67.4 31.5

MMG image quality, (%) P < 0.001

Appropriate 42.2 75.2 20.9

Inappropriate 57.6 24.8 79.1

Mandatory information in theMMG report, (%) P < 0.001

Appropriate 64.2 82.7 60.8

Inappropriate 35.8 17.3 39.2

MMG report quality, (%) P = 0.002

Appropriate 36.2 50.4 38.4

Inappropriate 63.8 49.6 61.6

Abbreviations: MMG, mammography; MOH, Ministry of Health

Table 2. Deficiencies Found in Mammographic Image Quality

Category Failures in Total Number of
Mammograms Evaluated, (%)a

Positioning 42.2

Contrast-density 18.9

Artifacts 15.8

Labeling 9.3

Compression 7.2

Patients’ cooperation 2.9

Viewing/CD technical problems 1.9

Bucky problems 1.4

aMore than one deficiency stated.

the university hospitals reports, with a significant differ-
ence favoring the university hospitals (P < 0.001). In most

of the reports, the missing parts were information on the
patient (67.2%) or information about the institution where
the examination was performed (57.5%).

Mammographic report quality was also evaluated. The
reports in the study group were found to be inadequate in
59.2% of the cases. The reason for the mammographic ex-
amination was not identified in 55.4% of the reports, and
the positions taken were not identified in 35.9% of the re-
ports. The results or recommendations were not listed in
25.2% of the reports.

5. Discussion

Mammographic screening effectiveness is directly re-
lated to the quality and performance of the equipment,
materials, and procedures employed (13, 14). To assess qual-
ity, guidelines and accreditation programs have been es-
tablished in various countries (9, 11, 12). According to the re-
sults of our study, in 56.1% of the cases the mammographic
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image quality was not in compliance with the Turkish stan-
dards. A recent study also showed high percentages of
poor quality, which mostly resulted from patient position-
ing (15). Moon et al., (16) reported that 36.3% of the mam-
mograms examined in their study had important image-
related deficiencies that might have led to serious errors
in patient management. Bassett el al. (17) reviewed clin-
ical images from 2,341 mammography units in the US. In
their study 44% of the sites failed the clinical image eval-
uation process; the most frequent reason for failure was
positioning (20%), followed by exposure (15%). The defi-
ciencies in our study were similar. Although in our study
poor positioning caused the most failures (42.2%), the pro-
portion was much more higher than in Basset and col-
leagues’ report. However, Basset et al. (17) evaluated the
images of units that participated in the US accreditation
program. On contrary, our study did not consider accred-
itation when choosing or evaluating the units. This differ-
ence reveals the importance of unit accreditation. More-
over, since the most important finding and problem in our
study, and in the other published studies, is patient po-
sitioning, we suggest more mandatory training of radio-
logic technologists.

Furthermore, there was a significant difference be-
tween private, university, and MOH hospitals in terms of
mammographic image quality. We found that university
hospitals presented better images, followed by MOH hos-
pitals. The worst images were received from private clin-
ics. We believe that there is a better awareness of quality in
university hospitals and MOH hospitals. Previous scholars
reported that university hospitals were significantly bet-
ter than all other mammography units in overall image
quality, and suggested that better positioning practices are
found in university hospitals. Moon et al. (16) reported that
deficiencies were lower in university hospitals than in the
other clinics. On the other hand, Brnic et al. (18), Moon et al.
(16), and Gwak et al. (19) also showed a lack of quality in pri-
vate clinics. We suggest that these private enterprises lack
quality and need to be controlled better by regulations.

We found similar results in terms of mammographic
report quality, where 59.2% of the reports received were in-
sufficient. In 55.4% of the reports the reason for the exam-
ination, which should be included according to ACR stan-
dards, was not mentioned (Table 2). Moreover, results and
recommendations were not mentioned in 25.2% of reports.
The distribution throughout the institutions was similar
to the mammographic image quality findings, in that uni-
versity hospitals had the best results, followed by MOH hos-
pitals and private clinics. Therefore, it is essential to pro-
vide quality control and training of radiologists in all hos-
pitals.

Regarding the type of the machines, only 21.4% were

full field digital machines, while 46.6% were analog ma-
chines with CR systems producing digital images. Gur-
demir and Aribal (15) reported that CR machines that were
not suitable for breast imaging were used frequently. Al-
though our study did not aim to investigate the quality of
the machines, we believe that this may be one of the rea-
sons for the lack of quality in mammographic images.

One of the major limitations of this study is the lack of
physical quality control findings regarding the machines.
The quality of the examinations depends on these routine
controls (9, 10). As we do not have this data, we do not
present a quantitative measurement on quality. The sec-
ond limitation is the lack of phantom images. Only 2.9% of
the units sent daily phantom images to check. Therefore,
it was not possible to evaluate the technical quality of the
devices. Since the technical quality of the devices have di-
rect effects on image quality, we do know how much image
quality has been affected by this factor. The third limita-
tion is the subjective nature of the evaluation criteria. Al-
though the images were examined by experienced breast
radiologists, rating methods were dependent on each in-
dividual’s understanding of the scale, knowledge, and ex-
perience. Therefore, future studies should develop more
detailed and objective criteria to allow for stronger conclu-
sions.

In conclusion, this study identified several problems
encountered in Turkey in terms of quality management in
breast imaging: 1) Lack of mammographic image quality,
2) inappropriate reporting, 3) and significant deficiencies
in private hospitals. Therefore, we suggest that more time
and resources should be spent to train both radiologists
and radiologic technicians to implement image and report
quality in their units. Moreover, our study emphasized the
importance of the accreditation of the units.
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