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Objective: To assess the image quality of mammograms

in females with an implanted medical device (IMD), to

evaluate pain and anxiety during mammography in these

females and to investigate the experience of

radiographers.

Methods: Image quality was evaluated by two radiogra-

phers and one radiologist in the images of females with

an IMD participating in the Dutch screening programme

(clients). Pain and anxiety were scored using a Numeric

Rating Scale in both clients visiting a screening organi-

zation and patients from the Isala Hospital, Zwolle.

Experience of screening radiographers was collected

with a questionnaire.

Results: Images of the breast with IMD showed reduced

contrast in craniocaudal (CC) and mediolateral–oblique

(MLO) views [by both the radiographers and radiologist

(range: 11–29%)], less projected breast tissue [only

radiographers; CC lateral side: 25.5%, 95% confidence

interval (CI): 18.7–32.2] and reduced projection of the

pectoral muscle (only radiographers; MLO width pectoral

muscle: 31.5%, 95% CI: 24.4–38.7). Clients experienced

more pain and anxiety during mammography in the

breast with IMD compared to the breast without IMD in

the breast (pain difference CC: 0.4860.16, p50.003;

pain difference MLO: 0.4660.16, p50.004; anxiety

difference 1.3060.22; p,0.001). Patients experienced

more pain (1.0560.12; p,0.001) and anxiety (1.2260.15;

p,0.001) after placement of IMD. Radiographers are

more cautious, more anxious and use less compression

during mammography of breasts with IMD.

Conclusion: Image quality in a breast with an IMD could

be improved by projecting more breast tissue on the

mammogram, thereby including (part of) the IMD be-

tween the paddles, if required. In addition, radiographers

should pay sufficient attention to reducing discomfort

both before and during the screening examination.

Advances in knowledge: Little is known about the quality

of mammography in females with an IMD or how these

females and radiographers experience the screening

examination. The results of our study showed that having

an IMD could result in a suboptimal mammogram and

increased discomfort.

INTRODUCTION
One of the requirements for a successful breast cancer
screening programme is optimal quality of the mammo-
grams. The mammogram must comply with the highest
standards regarding technical image quality criteria.1,2 This
also applies to females with an implanted medical device
(IMD) located in the breast, such as an implantable car-
dioverter defibrillator (ICD), pacemaker, heart rhythm
monitor or port-a-cath. The presence of an IMD may lead
to lower image quality of the mammogram. In the scien-
tific literature, little is known about mammography in
females with an IMD. Roelke et al3 report that part of the
mammogram was obscured in 12% of the females with
a pacemaker. To our knowledge, this is the only study that

has reported on the mammographic image quality in
females with an IMD.

Besides the presence of the IMD, other factors also in-
fluence image quality. Compression of the breast is es-
sential for reducing the radiation dose, preventing motion
artefacts, obtaining flattened breast tissue with a homoge-
neous tissue thickness to improve the dynamic range of
luminance and for improving visibility by spreading
structures in the breast.1,4 We hypothesize that radiogra-
phers find mammographic examination in females with
IMD more difficult, as it may be necessary to compress
(part of) the area where the device is located. To our
knowledge, no guideline or recommendation on
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performing a mammographic examination in females with an
IMD is available for radiographers. We also hypothesize that
females with an IMD find the examination more uncomfortable
and frightening when compression is exerted on the breast. This
may lead to less compression force in the breast with IMD,
resulting in lower image quality of the mammograms.4

The purpose of this study was to assess image quality during
screening mammography in the breast with IMD (hereafter:
IMD1 breast). We also evaluated the pain and anxiety of
females with an IMD during mammography and the experience
of the radiographers performing the mammograms.

METHODS AND MATERIALS
Study population
The Dutch screening programme biennially invites females aged
50–75 years and is regionally executed by five screening organ-
izations.5 To assess image quality, we collected mammograms
and data from the digital imaging and communications in
medicine (DICOM) header (compression force and breast
thickness) from clients with an IMD (ICD, pacemaker, heart
rhythm monitor or port-a-cath) who participated in the
screening programme in the period May–June 2013 (hereafter:
clients). Four of the five screening organizations participated:
East, North, South, South-West. The standard screening pro-
cedure was used for all participants. All mammograms were
taken with Hologic Selenia® and Dimensions® (Hologic Inc.,
Danbury, CT). Each screening examination consisted of
a mediolateral–oblique (MLO) and craniocaudal (CC) view of
both breasts. The target force for all compressions was between
12 and 20 daN, but radiographers were allowed to cease com-
pression if the females expressed severe pain. In addition,
females with an IMD who were under surveillance at the Isala
Hospital in Zwolle (Netherlands) and aged 50–75 years (target
age group for screening) were asked to complete a questionnaire
about their experience with mammography (hereafter: patients).
This latter group potentially includes females who chose not to
participate in the screening.

Ethical approval: Formal institutional review board approval was
waived by Isala Hospital. However, according to good research
practice, all clients and patients participating in this study signed
written informed consent.

Client image quality assessment
Image quality of the image of the IMD1 breast compared to
the IMD2 breast was evaluated by two experienced radiogra-
phers by consensus (13 and 14 years’ experience) and by one
experienced radiologist (over 20 years’ experience), based on
the ‘Criteria positioning Technique mammography’ of the
Dutch Reference Centre for Screening (LRCB). The radiogra-
phers scored the following criteria: nipple less in profile, re-
duced spread of the fibroglandular tissue, reduced projection
on the image in comparison with the previous examination,
reduced amount of tissue at lateral, medial or chest wall side,
reduced width of the pectoral muscle, reduced depth of the
pectoral muscle, inframammary angle is less displayed, more
skin folds are displayed in the inframammary angle and bucky
is set lower.2

In addition to the criteria described in the previous paragraph,
all observers scored IMD1 image for both the CC and MLO
views with “yes” or “no” on the following criteria: visibility of
the IMD, black area around the device, blurred image and re-
duced contrast. If the IMD was visible on the image, the location
was indicated. For the CC view, the locations were defined as:
behind the nipple, lateral, medial and at the chest wall side. For
the MLO view, the locations were: entirely overlying the pectoral
muscle, lateral, low axilla and behind the nipple. In addition, the
radiographers scored the IMD1 image as “yes” or “no” based
on the criteria shown in Table 1 in comparison with the image of
the breast without IMD (hereafter: IMD2 breast). Finally, the
entire mammogram was evaluated on the following criteria by
all observers: the mammogram is assessable “completely” or
“partly”; a retake is necessary “yes, an additional other view”,
“yes, retake” or “no”; and mammogram image quality is “ade-
quate” or “inadequate”. For the criterion “a retake is necessary”,
a mammogram was classified as “yes, retake” when the image
quality was not sufficient according to the “Criteria positioning
technique mammography” of the LRCB; a mammogram was
classified as “yes, an additional other view” when image quality
is sufficient according to the LRCB criteria, but the radiographer
decides that an additional view will provide more information.
All observers used the same workstation, i.e. a Hologic Secur-
view diagnostic workstation with 5-MP monitors (Hologic Inc.,
Danbury, CT).

In addition to the image quality evaluation, compression force
and breast thickness were extracted from the DICOM header for
each examination.

Experiences of clients, patients and radiographers
During the screening examination, pain was assessed using
a Numerical Rating Scale (NRS) directly after each compres-
sion. The NRS is an 11-point scale from “no pain” to “severe
pain” and is considered as a valid instrument for measuring
pain.6 In addition, we assessed client anxiety using the NRS
after the radiographer explained the mammographic exami-
nation and before visual inspection. Females were asked about
anxiety for compression of both breasts separately. Further-
more, clients were asked to complete a short questionnaire
about possible complaints or problems with the IMD after
mammography.

The patients with IMD under surveillance at the Isala Hos-
pital were asked to complete a retrospective questionnaire.
They were asked to score pain and anxiety during mam-
mography using an NRS before and after placement of the
IMD. They were also asked whether they had any doubts
about participation in the screening programme because of
the IMD and whether they ever had complaints/problems
with the IMD after mammography.

All radiographers (n5 440) working in the four participat-
ing screening organizations were asked to complete an
online questionnaire about their experience during mam-
mography of an IMD1 breast. They scored 10 statements
as “never”, “sometimes”, “most of the times” and “always”
(Table 2).
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Statistical analysis
Descriptive statistics (percentages) were used to assess the image
quality for the IMD1 breast and to describe radiographer ex-
perience. A one-sample t-test was used to calculate the 95%
confidence interval (CI) for the image quality criteria. Location
subanalysis was performed using a x2 test. The mean difference
of compression force and breast thickness between IMD1
breast and IMD2 breast was compared using a paired t-test.
Pain and anxiety scores were compared using the Wilcoxon
signed-ranks test. Results are shown as means with standard
error of the mean. All analyses were performed using SPSS® v.
20 (IBM Corp., New York, NY; formerly SPSS Inc., Chicago, IL).
The significance level was set at p, 0.05.

RESULTS
In total, 176 clients with a medical device visited one of the
screening organizations during the 7-week inclusion period. 9
clients did not give informed consent and were excluded,
resulting in 167 clients participating in the study. Furthermore,

the questionnaire was completed by 362 of the 588 patients at
the Isala Hospital, a response rate of 61.6%. Of these
362 patients, 44 patients did not sign informed consent,
resulting in 318 patients being included in this study. The mean
ages of the client and patient group was 64.26 0.5 years and
66.16 0.3 years, respectively. In the client group, 51.5% of
patients had a pacemaker, 23.4% of patients had an ICD, 13.2%
of patients had a reveal, 6.6% of patients had a port-a-cath and
5.4% of patients had other types of IMDs. In the patient group,
35.8% of patients had a pacemaker, 48.7% of patients had an
ICD, 10.4% of patients had a reveal and 3.1% of patients had
other types of IMDs. Finally, 161 (37%) of 440 radiographers
completed the questionnaire about their experience with
mammography in females with an IMD.

Client image quality assessment
Results of the image quality assessment of the mammograms are
presented in Table 1 (CC and MLO views). Mammograms of
165 clients were evaluated by the observers. Prior images were

Table 1. Results of the image quality assessment of craniocaudal (CC) and mediolateral–oblique (MLO) views by radiographers and
radiologist for the implanted medical device (IMD)1breast

Criteria

CC view (n5 165)
(radiographers)

CC view (n5 165)
(radiologist)

MLO view (n5 165)
(radiographers)

MLO view (n5 165)
(radiologist)

n % 95% CI n % 95% CI n % 95% CI n % 95% CI

Blurred image 9 5.5 2.0–9.0 23 13.9 8.6–19.3 31 18.8 12.8–24.8 46 27.9 21.0–34.8

Reduced contrasta 18 10.9 6.1–15.7 30 18.2 12.2–24.1 32 19.4 13.3–25.5 48 29.1 22.1–36.1

Nipple less in profilea 10 6.1 2.4–9.7 10 6.1 2.4–9.7

Reduced spread of
the fibroglandular
tissuea

5 3.0 0.4–5.7 15 9.1 4.7–13.5

Reduced projection
on the image in
comparison with
previous
examinationb

51 32.5 25.1–39.9 52 32.1 24.8–39.4

Reduced amount of tissuea

Lateral side 42 25.5 18.7–32.2

Medial side 15 9.1 4.7–13.5

Chest wall side 25 15.2 9.6–20.7

Reduced width of the
pectoral musclea

52 31.5 24.4–38.7

Reduced depth of the
pectoral musclea

40 24.2 17.6–30.9

Inframammary angle
is less displayeda

20 12.1 7.1–17.2

More skinfolds are
displayed in
inframammary
anglea

34 20.6 14.4–26.8

Bucky is set lowera 26 15.8 10.1–21.4

CI, confidence interval.
aIn comparison with the IMD2breast.
bCC view: 157 prior images available; MLO view: 162 prior images available.
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available for 157 CC views and for 162 MLO views. The as-
sessment of the image quality of the CC view by radiographers
showed reduced contrast in 10.9% of IMD1 breasts (95% CI:
6.1–15.7), less projection in comparison with a previous image
in 30.9% (95% CI: 23.8–38.0) and less projection of the lateral
(25.5%; 95% CI: 18.7–32.2), medial (9.1%; 95% CI: 4.7–13.5)
and chest wall side (15.2%; 95% CI: 9.6–20.7). The radiologist
scored 13.9% (95% CI: 8.6–19.3) of the IMD1CC views as
blurred and 18.2% (95% CI: 12.2–24.1) of the IMD1CC views
as reduced contrast. The highest scores in the radiographer as-
sessment of the IMD1MLO views were a reduced width of the
pectoral muscle (31.5%; 95% CI: 24.4–38.7), a reduced depth of
the pectoral muscle (24.2%; 95% CI: 17.6–30.9) and more
skinfolds at the inframammary angle (20.6%; 95% CI:
14.4–26.8). In addition, the radiologist scored 27.9% (95% CI:
21.0–34.8) of the IMD1MLO views as blurred and 29.1% (95%
CI: 22.1–36.1) IMD1MLO views as reduced contrast.

Location subanalysis
In total, 40 (24.2%) IMDs were visible in the CC view and 128
(77.6%) IMDs in the MLO view. If a device was visible, there
was a black area around the device in 90% of the images. When
the IMD was visible in the CC view, a higher proportion of the
images was blurred (radiographers: 12.5 vs 3.2%, p5 0.024;
radiologist: 30.0 vs 8.8%, p5 0.001) and the contrast was re-
duced (radiographers: 42.5 vs 0.8%, p# 0.001; radiologist: 50.0
vs 8.0%, p# 0.001) compared with the images where the med-
ical device (MD) was not visible. In the MLO view, more images

scored better on the following criteria evaluated by the radiog-
raphers when the MD was visible than when the MD was not
visible: reduced width and depth of the pectoral muscle (width
23.1 vs 59.5%, p# 0.001; depth 19.5 vs 40.5%; p5 0.009), and
the bucky was set lower (10.9 vs 32.4%; p5 0.002).

In the CC view, most IMDs were imaged at the medial side
(52.5%) and chest wall side (37.5%). In the MLO view, most
IMDs were imaged entirely in the pectoralis (31.3%) and lateral
(55.5%). As can be seen in Figure 1, the contrast was reduced
when the device was imaged in the centre of the mammogram;
however, it was less affected when the device was imaged in the
corner of the mammogram or entirely in the pectoralis. The
radiographers scored a blurred image in 5% of the images when
the IMD was entirely in the pectoralis compared with 27.3%
when the IMD was not/partly in the pectoralis (p5 0.004);
contrast was reduced in 2.5% of images when the IMD was
entirely in the pectoralis compared with 33.0% of images when
the IMD was not/partly in the pectoralis (p# 0.001). The ra-
diologist scored a blurred image in 15.0% of images when the
IMD was entirely in the pectoralis compared with 37.5% of
images when the IMD was not/partly in the pector-
alis (p5 0.010).

Assessing the mammogram
The mammogram scored “partly assessable” in 64.1% of the
images by the radiographers and in 55.7% of the images by
the radiologist. This shows that in more than half of the

Table 2. Results of the statements scored by the radiographers (n5 161)

Statements Never % (n) Sometimes % (n) Often % (n) Always % (n) p-value

I experience mammography in females with
medical device the same as in females
without medical device

30.4 (49) 37.9 (61) 29.1 (47) 2.5 (4) ,0.001

During mammography, I am more cautious
with females with medical device than
females without medical device

0.0 (0) 14.9 (24) 16.1 (26) 68.9 (111) ,0.001

It is more frightening to compress a breast
with medical device than a breast without
medical device

17.4 (28) 42.9 (69) 22.4 (36) 17.4 (28) ,0.001

I use less compression during mammography
of a breast with medical device than without
medical device

1.2 (2) 30.4 (49) 35.4 (57) 32.9 (53) ,0.001

I am afraid to damage the medical device
during mammography

32.9 (53) 42.9 (69) 17.4 (28) 6.8 (11) ,0.001

I change the positioning technique in females
with medical device in comparison with
females without medical device

6.2 (10) 59.0 (95) 26.1 (42) 8.7 (14) ,0.001

During mammography in females with
medical device, I am more tolerant in
assessing the positioning technique than in
females without medical device

8.1 (13) 49.1 (79) 34.2 (55) 8.7 (14) ,0.001

The quality of the mammogram is not always
optimal because of the presence of the
medical device. If this is the case, I make an
additional image

11.2 (18) 64.0 (103) 21.7 (35) 3.1 (5) ,0.001
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mammograms, a part of the image was not assessable because
either the IMD obscured a part of the image or image quality
was not good enough. The radiographers scored the positioning
technique insufficient in 31.7% of the images and indicated that
a retake was necessary in 35.3% of the images. The radiologist
required a retake in only 3.0% of the images.

Compression force and breast thickness
The results of the compression force and breast thickness are
shown in Table 3. For the CC view, the compression force was
3.46 0.3 daN lower in the IMD1 breast than that in the IMD2
breast (8.66 0.3; 12.06 0.2, respectively; p, 0.001). For the
MLO view, the compression force was 4.26 0.3 daN lower in the
IMD1 breast than that in the IMD2 breast (8.96 0.3; 13.06
0.3, respectively; p, 0.001). In some cases (CC n5 19; MLO
n5 14), the compression force was even ,4.5 daN, showing
a decaNewton of 0.0 in the DICOM header. This low com-
pression force could result in an inadequate image quality be-
cause of incorrect image processing.

For the CC view, breast thickness was increased by 1.86 0.4mm
in the IMD1 breast compared with the IMD2 breast (59.86
1.0; 58.16 0.9, respectively; p, 0.001). For the MLO view,
breast thickness was increased by 5.36 0.5mm in the IMD1
breast compared with the IMD2 breast (65.26 1.1; 60.06 0.9,
respectively; p, 0.001).

Client pain and anxiety
Table 3 shows that a total of 153 clients scored pain experience
for both breasts for the CC view and 151 clients for the MLO
view. For the CC view, 31.4% clients scored a higher and 14.4%
clients a lower pain score during compression of the IMD1
breast. The mean pain score for the CC view of the IMD1
breast was 3.056 0.22 and for the IMD2 breast, it was 2.576
0.19, resulting in a pain difference of 0.486 0.16 (p5 0.003).
For the MLO view, 33.1% of clients scored a higher and 19.2%
of clients a lower pain score during compression of the IMD1
breast. The mean pain score for the IMD1 breast was 3.386

0.21 and for the IMD2 breast, it was 2.926 0.20, resulting in
a pain difference of 0.466 0.16 (p5 0.004).

In total, 156 clients scored anxiety for both breasts. Of these,
34.0% of clients experienced more anxiety and 2.6% of clients
experienced less anxiety during mammography of the IMD1
breast. The mean anxiety score with IMD was 2.486 0.23 and
without IMD, it was 1.186 0.14, resulting in a difference of
1.306 0.22 (p, 0.001).

Six clients visited the cardiologist because of complaints fol-
lowing mammography; one client visited because she still had
pain after 2 months, one client was very anxious and one client
visited because the lead had come loose (it is unknown whether
this was due to the mammography). The other three clients gave
no reason for their visit.

Patient pain and anxiety
In total, 202 patients scored pain retrospectively during the
screening examination before and after placement of IMD. Of
these, 42.2% patients scored a higher and 5.4% patients a lower
pain score after placement. The mean pain score after placement
was 5.406 0.19 and before placement, it was 4.356 0.18,
leading to a difference of 1.056 0.12 (p, 0.001).

Of the 206 patients who scored anxiety before and after place-
ment of IMD, 35.4% patients scored a higher and 1.5% patients
a lower anxiety score after placement. The mean anxiety score
after placement was 3.406 0.23 and before placement, it was
2.186 0.18, resulting in a difference of 1.226 0.15 (p, 0.001).

Of the patients, 21.1% patients answered the question whether
they had doubts about participating in the screening programme
affirmatively. The main reasons mentioned included fear of
damage to the device, more tension before screening and lack of
knowledge to make a decision about participation. 2 (0.6%)
patients visited the cardiologist or pacemaker technician because

Figure 1. Left: a good-quality mediolateral–oblique (MLO) view with the implanted medical device (IMD) in the corner of the

mammogram; right: decreased contrast in the MLO view owing to interference by the IMD in the centre of the mammogram.
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the lead had come loose and 1 (0.3%) patient visited because the
device was moved following mammography. Whether these
cases are related to mammography is not clear.

Experience of radiographers
Table 2 shows that most radiographers experience screening of
females with IMD differently to those without IMD. They are
more cautious (68.9% always), more anxious (38.8% often or
always) and use less compression (68.3% often or always). In
addition, 59.0% of the radiographers sometimes change the
positioning technique; 26.1% radiographers do this often and
8.7% radiographers always. If the quality of the mammogram is
not optimal because of the IMD, 11.2% of the radiographers do
not take an additional image.

DISCUSSION
The results of this first study on the quality of mammography
screening in females with an IMD showed that image quality
(i.e. positioning technique) is compromised and that both
females and radiographers are influenced by the presence of the
IMD. The IMD1 images are often blurred, have reduced con-
trast and reduced projected breast tissue. This can partly be
explained by the presence of the IMD, but also by the lower
applied compression force. Radiographers are more cautious
and anxious during compression of an IMD1 breast, pre-
sumably driven by the increased pain and anxiety in females
with IMD or their own concerns about damaging the device.

The results showed reduced projected breast tissue on the MLO
view if the IMD was not visible on the image compared with
when the device was visible; in many cases, radiographers tried

to avoid compression of the device, thereby omitting the device
from the image. On balance, the overall positioning technique
could have been improved by imaging as much of the breast
tissue as possible, thereby including the IMD. Image quality is
improved when the device is located completely in the pectoralis
or in the upper corner of the IMD1 image compared with the
images where the IMD is located elsewhere. Assessment of the
mammogram is more difficult when the device is located in the
middle of the breast because of interference between the device
and image acquisition. Because of the absence of follow-up in-
formation about cancer detection, it was not possible to estimate
the influence of the reduced projected breast tissue on breast
cancer detection. However, the retroglandular area represents
a clinically relevant part of the breast for the detection of cancer
and we believe that including this part on the mammogram
leads to improved breast cancer detection.7,8

A lower compression force may lead to increased breast thick-
ness and decreased image quality.4 The thickness differences
between the IMD1 breasts and IMD2 breasts were small. It is
possible that increases in thickness in the IMD1 breast,
resulting from reduced compression force, may have been offset
by non-inclusion of the pectoral muscle. On the other hand,
a higher compression force increases discomfort.9 In our study,
females experienced more pain and were more anxious during
mammography of the IMD1 breast. It should be noted that
general pain scores in our study were low and the difference in
pain scores between breasts was small, although statistically
significant. This may have been a result of reduced compression
force being used on the IMD1 breast, offsetting any increase in
pain caused by the presence of the IMD. Previous personal

Table 3. Results of compression force, breast thickness and pain and anxiety with implanted medical device (IMD) vs without IMD

Clients n
IMD

(mean6 SEM)
Without IMD
(mean6 SEM)

Difference IMD vs without
IMD (mean6 SEM)

p-value

Compression force (daN)

CC view 163 8.66 0.3 12.06 0.2 3.46 0.3 ,0.001

MLO view 163 8.96 0.3 13.06 0.3 4.26 0.3 ,0.001

Breast thickness (mm)

CC view 163 59.86 1.0 58.16 0.9 1.86 0.4 ,0.001

MLO view 163 65.26 1.1 60.06 0.9 5.36 0.5 ,0.001

Pain experience in clients (NRS scale)

CC view 153 3.056 0.22 2.576 0.19 0.486 0.16 0.003

MLO view 151 3.386 0.21 2.926 0.20 0.466 0.16 0.004

Anxiety in clients
(NRS scale)

156 2.486 0.23 1.186 0.14 1.306 0.22 ,0.001

Patients n
After placement
(mean6 SEM)

Before placement
(mean6 SEM)

Difference after vs before
placement (mean6 SEM)

p-value

Pain in patients
(NRS scale)

202 5.406 0.19 4.356 0.18 1.056 0.12 ,0.001

Anxiety in patients
(NRS scale)

206 3.406 0.23 2.186 0.18 1.226 0.15 ,0.001

CC, craniocaudal; MLO, mediolateral–oblique; NRS, Numeric Rating Scale; SEM, standard error of the mean.
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experience, anxiety and insufficient attention given by the
radiographer are related to the pain experienced during
mammography.10–12 High pain scores may even lead to the
decision to stop participating in the programme.13 Therefore, it
is important for radiographers to explain the procedure well and
reassure females before and during mammography.14,15

Of the patients, 20% patients had doubts about participating in
the screening programme because of the IMD. Some females
also contacted their cardiologist to ask whether it was possible to
perform mammography with an IMD. This indicates that it is
important to provide females with an IMD sufficient in-
formation about participation in the screening programme.
Based on the low number of problems noted in this study, we do
not believe that mammography presents a high risk of damaging
the IMD and it is not clear whether the problems noted were
related to mammography. In the literature, we found one case
report that describes damage to a pacemaker after performing
mammography.16 Another study about long-term follow-up of
submammary pacemakers and ICDs in females reported that
most females in their study had no problem with mammography
after their implant.17

To learn more about the maximum pressure allowed during
mammography in females with an IMD to avoid damaging the
IMD, we contacted the Netherlands Heart Rhythm Association
(NHRA) (committee of the Netherlands Society of Cardiology)
and several medical device manufacturers. The responses of the
NHRA and IMD manufacturers to our question about the
maximum pressure allowed were not straightforward. The LRCB
advises compressing the IMD1 breast very carefully, if possible
with a minimum of 5 daN because of possibly incorrect image
processing under 5 daN. Following the advice of the NHRA, we
recommend that females with a subcutaneous ICD not partici-
pate in the screening programme.

A limitation of this study is that the pain and anxiety scores of
the patients were collected retrospectively, while the scores of the
clients were collected prospectively. It is possible that anxiety was
heightened for the IMD1 breast by explanation of the study.
Owing to the time interval between the actual mammography

examination and the pain and anxiety assessment, recall bias can
influence the validity of these results in patients.18 However,
both pain and anxiety scores (and the difference between the
breasts) in patients point in the same direction as the client
scores. The advantage of including the patient group was that we
also received feedback from females who did not participate in
the screening programme. Another limitation of the study was
the response rate on the questionnaire of the radiographers
(37%). However, we used this questionnaire only as a first in-
ventory to receive input from radiographers.

In the results, we noted some differences in the evaluation of
image quality between the radiographers and radiologist, e.g. the
number of required retakes. The radiographers were more fo-
cused on the optimal positioning technique, while the radiolo-
gist was more focused on whether the images were sufficient for
diagnostic evaluation.

In summary, interference by the IMD, a lower applied com-
pression force and suboptimal positioning technique all lead to
reduced image quality in mammography. Females with IMD are
more anxious and find mammography more painful. Radiog-
raphers are more careful during compression of the IMD1
breast. To help radiographers improve the image quality and
reduce discomfort in females with IMD, LRCB developed a set
of best practice recommendations for a mammographic exam-
ination in females with IMD (available from: www.lrcb.nl). In
addition, radiographers should pay sufficient attention to re-
ducing discomfort both before and during the screening.
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