
Waar	  kijkt	  de	  radioloog	  naar	  op	  
het	  mammogram?	  

Ruud	  Pijnappel	  
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DOEL	  MAMMOGRAFIE	  

Screening	  

•  Geen	  klachten	  

•  Vroege	  opsporing	  
mammacarcinoom	  

–  Therapie	  minder	  ingrijpend	  
–  Prognose	  veelal	  beter	  
–  BOB:	  775	  /	  jaar	  

Klinische	  mammografie	  

•  Verklaring	  klacht	  

•  Uitsluiten	  of	  de	  klacht	  
berust	  op	  carcinoom	  
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Mammogram	  

4	  opnamen	  
•  Oblique	  L	  +	  R	  
•  CC	  L+R	  
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Eerste	  blik:	  insteltechniek	  

Bron:	  The	  right	  focus,	  C.	  van	  Landsveld	  
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Eerste	  blik:	  insteltechniek	  

Bron:	  The	  right	  focus,	  C.	  van	  Landsveld	  

Fig.61
CC view of both mammae.

Fig.62 and 63
An incorrect height adjustment
for the bucky often resutts jn fotds
on the chest wa[[ side (Fig. 62).
The bucky has been positioned
too [ow; the resuLt is that the
mamma does not bulge out and
the angle between the bucky and
the mamma is less than 90"
(Fiq. 63). When adjusting the
height of the bucky, you should
take into account that the caudaI
part of the mamma is quite
mobi[e. The mamma must be lifted
up quite a bjt jn order to obtajn
the right height setting, in which
case the mamma also bulges out
a bit (see step 3).

3.2.2 Evaluating the images
Evaluate the CC images on the basis of the fotlowing criteria:
- The images of both mammae should be symmetrical (Fig. 61)
- The image should include the entire medial side (Fig. 61a) and as much of the lateral side

as possibie (Fig. 61b)
- The fibroglandular tissue is entirely visible and evenly spread out (Fig. 61c)
- The image should include a part of the musculus pectoralis major (Fig. 61d)
- The nipple should be visible in profile in the middle of the image (Fig. 61e)

Take another image if you think the radiologist may not be able to proper§ review the image
due to insufficient image quality.

3.2.3 Common pitfalls
Some common positioning pitfalls in relation to the craniocaudal view are discussed helow.

Bucky set too low (CC)

30 The right focus - ManuaI on mammoqraphy positioning technique
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Beoordelen	  

•  Veranderingen	  tov	  vorig	  onderzoek?	  
•  Afwijkingen?	  
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HOE?	  

1.	  Op8male	  monitor	  
2.	  Gedempt	  omgevingslicht	  
3.	  Vergelijk	  oude	  opnamen	  
4.	  Systema8sche	  beoordeling	  
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Op	  zoek	  naar	  afwijkingen	  

•  Densiteit	  
•  Massa	  
•  Archtectuurverstoring	  
•  Calcifica8es	  

•  Combina8e	  van	  deze	  afwijkingen	  
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Calcifica8es	  
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Probleem:	  

•  Alles	  over	  elkaar	  heen	  geprojecteerd	  
•  Dens	  beeld	  
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Nieuwe	  technieken	  

•  Tomosynthese	  
•  Contrast	  Enhanced	  Spectral	  Mammography	  
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Tomosynthese	  

•  ‘plakjes’	  

•  Mul8ple	  lage	  dosis	  
projec8es	  

•  Reduceert	  parenchym	  
ruis	  
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2	  D	  Mammography	  
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3D	  Mammography	  
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In	  de	  prak8jk	  

2D	  FFDM	   1	  slice	  of	  DBT	  
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Vragen	  3D	  

•  Stralingsdosis	  
•  Scan	  8me	  bewegings	  artefacten	  
•  Tijdrovend?	  
•  Hoeveelheid	  data?	  
•  Performance	  echt	  beter	  dan	  2D?	  	  
•  Biopsie	  lesies	  alleen	  zichtbaar	  op	  3D?	  
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CESM	  

•  Contrast	  Enhanced	  Spectral	  Mammography	  

•  Mammogram	  2	  energieniveau’s	  
•  IV	  jodiumhoudend	  contrast	  
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CESM	  image	  voorbeeld	  

A B C 
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CESM	  
	  
	  

	  

breast radiologists (blinded to the final diagnosis; both
viewing over 12,000 mammograms annually) retrospec-
tively reviewed all cases by first viewing the low ener-
gy images. Similar to normal clinical practice, they were
allowed to view the letter from the screening institution
in which the referred breast abnormality was indicated in a
drawing, together with the screening radiologists’ BI-RADS
classification. In this re-evaluation, the radiologists provided a
BI-RADS classification for conventional mammography
[12]. Subsequently, the recombined images were viewed
and the radiologists were allowed to up- or downgrade
their BI-RADS classification. In case of discrepancies

between the two radiologists, a third breast radiologist
provided consensus opinion.

Statistical analysis

BI-RADS classifications 1 to 3 were considered ‘benign’, and
4 and 5 ‘malignant’. On the basis of this cut-off value, sensi-
tivity, specificity, positive predictive value (PPV) and negative
predictive value (NPV) were calculated for regular mammog-
raphy and CESM. Differences in diagnostic parameters be-
tween regular mammography and CESMwere calculatedwith
corresponding 95 % confidence intervals (CI) for paired pro-
portions. The differences were tested for statistical signifi-
cance using McNemar’s test for paired proportions. Receiver
operating characteristic (ROC) curves were constructed for
both imaging modalities and the areas under the curve (AUC)
with corresponding 95 % CI were calculated and compared
according to the method described elsewhere [8, 13].

Agreement between maximum lesion diameter based on
CESM and MRI, or CESM and surgical specimen was
expressed in Bland–Altman plots for a subgroup of patients
[14]. Measurement of maximum lesion diameter was per-
formed on the entire CESM exam (i.e. viewing low and high
energy images together) or on the first post-contrast dynamic
scan on MRI (approximately 93 s after contrast administra-
tion). For the comparison of maximum lesion diameter found
using CESM and pathology, surrounding ductal carcino-
ma in situ (DCIS) was included in the final maximum
diameter measurement. In case of multifocal breast can-
cer, the maximum diameter of the largest invasive tu-
mour (i.e. primary index tumour) was assessed. Patients
that underwent neoadjuvant chemotherapy (n=3) were
not included in the comparison with histopathological
results, because good or pathological complete response
might render the latter inaccurate.

All statistical analyses were performed using SPSS Statis-
tics (version 20.0, IBM, Armonk, USA), STATA (StataCorp
LP, College Station, USA) and MedCalc (version 12.7.8,
MedCalc Software, Ostend, Belgium). P values of 0.05 or
less were considered statistically significant.

Results

In our study period, 7,703 women were invited to participate in
the regional breast cancer screening programme and 6,384
women attended (82.9 %) (Fig. 2). From these, 116 women
(1.8 %) were referred to our hospital. One patient refused
contrast administration. Two patients did not undergo CESM
because of known allergy to an iodine-based contrast agent (n=
1) and renal insufficiency (estimated glomerular filtration rate of
33 mL/min/1.73 m2) (n=1). Consequently, 98.3 % (113/115) of
eligible patients underwent CESM (median age 54.0 years,

Fig. 1 Typical example of CESM, showing low energy images in the top
row (i.e. regular mammography) and the recombined images (showing
enhancement of lesions) in the bottom row. In this case, a 54-year-old
patient was referred because of a new irregular density in the craniocaudal
view of the right breast (arrow, top row). CESM demonstrated the true
extent of the disease as well as the multifocal nature of this breast cancer
(bottom row), which was confirmed by histopathological analysis of the
surgical specimen

Eur Radiol
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(31 %) [5], and much lower than other previously published
studies (mean 64. %, lower limit 37.5 %) [4]. We found the
diagnostic accuracy of CESM to be excellent and superior to
conventional mammography alone. Although sensitivity and
NPV were found to be high for conventional mammography,
both reached 100 % upon using CESM. More importantly,
specificity and PPV were found to be low for conventional
mammography, and to significantly increase upon using
CESM.

The increased sensitivity of mammography owing to
CESM was recently demonstrated by Jochelson et al. In their
study, sensitivity of mammography was increased from 81 %
to 96 % owing to CESM [15]. Similar observations were
recently published by Fallenberg et al., who showed that
mammography’s sensitivity (82.5 %) increased to 100.0 %
owing to CESM [16]. The increased specificity found in our
study underscores the contribution CESM may make towards
eliminating the false-positives observed in conventional mam-
mography. The NPVof 100 % found in this study population

Table 1 Patient characteristics

Age (years)

Mean 57.2

Median 54.0

Standard deviation 8.0

Range 49–73

Final diagnosis (%)

Superposition density 24.8

Simple cyst 21.2

Invasive ductal carcinoma 20.4

Fibroadenoma 7.1

Apocrine metaplasia 5.3

Invasive lobular carcinoma 4.4

Ductal carcinoma in situ 3.5

Cylindrical cell changes 3.5

Papilloma 1.8

Intramammary lymph node 1.8

Reactive changes 0.9

Fibrosis 0.9

Inflammatory changes 0.9

Old haematoma 0.9a

Sclerosing adenosis 0.9

Atypical lobular hyperplasia 0.9

Duct ectasia 0.9

Invasive breast cancer subtypes (%)

ER positive 75.0

PR positive 64.3

HER2/neu positive 14.3

Grade 1 7.4

Grade 2 59.3

Grade 3 33.3

Patient characteristics and final diagnosis as assessed by standard refer-
ence procedures

ER oestrogen receptor, PR progesterone receptor, HER2/neu human
epidermal growth factor receptor 2. Tumour grade according to Bloom
and Richardson
aOld haematoma: caused by recent vehicle accident and seat belt injury,
confirmed by tissue sampling

Table 2 Overview of the diagnostic performance of mammography
versus contrast-enhanced spectral mammography (CESM)

Mammography CESM

Sensitivity (%) 96.9 (83.7–99.5) 100.0 (89.0–100.0)

Specificity (%) 42.0 (31.1–53.5) 87.7 (78.5–93.9)

Positive predictive value (%) 39.7 (28.8–51.5) 76.2 (60.6–87.9)

Negative predictive value (%) 97.1 (85.0–99.5) 100.0 (94.9–100.0)

Area under the ROC curve 0.779 (0.707–0.851) 0.976 (0.954–0.999)

95 % confidence intervals are in parentheses
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Fig. 3 Diagnostic parameters for conventional mammography (grey
bars) and CESM (black bars)

Fig. 4 Receiver operating characteristic (ROC) curve for both conven-
tional mammography (grey line) and CESM (black line)
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-‐  Stralingsdosis:	  +	  80%	  
-‐  IV	  contrast	  
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Conclusie:	  

•  Leesomstandigheden	  
•  Vergelijk	  met	  eerdere	  opnamen	  
•  Sub8ele	  verschillen	  
•  Contrast	  en	  detail	  van	  belang	  
•  Beperking:	  
– Overprojec8e	  
– Veel	  fibroglandulair	  weefsel	  (dens)	  
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