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We present a case of an 81-year-old woman who presented to the emergency department
with bleeding from a right breast wound. The patient had prior imaging suggestive of bi-
lateral silicone implant rupture and a history of low tolerance for MRI scans. Ultrasound
imaging in the emergency setting showed findings in the right breast suggestive of a fis-

tula with free silicone and hematoma. A subsequent photon-counting CT scan with custom

Keywords:
Photon-counting CT
Silicone breast implants
Emergency department

lymphadenopathy.

Extracapsular rupture
Lymphadenopathy
Extracorporeal extrusion

silicone-specific segmentation allowed differentiation of silicone from hematoma, provided
anatomic assessment and location of the fistula, and revealed bilateral silicone-induced
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Introduction

Silicone-specific MRI sequences are considered the gold stan-
dard for evaluating breast implant rupture, free silicone, and
silicone-laden lymph nodes [1,2]. However, a significant por-
tion of breast implant patients have contraindications to MRI
or are simply unable to tolerate MRI examinations [3]. Ul-
trasound is an imaging alternative to MRI for breast im-
plant evaluation, but ultrasound has lower sensitivity, lacks
silicone-specific information, is susceptible to shadowing

artifacts caused by implant calcification and rupture, and
is highly operator-dependent [1]. Further complicating these
matters is the recently revised FDA recommendation that all
silicone implant patients be routinely screened every 2 to 5
years for implant evaluation [4,5].

To help meet this clinical need, dual-energy CT has been
proposed as an imaging alternative for silicone implant pa-
tients with contraindications to MRI [6-9]. Similar to MRI, dual-
energy CT can offer volumetric silicone-specific segmentation
(i.e., silicone maps). In this case report we show that these
prior dual-energy CT methods for silicone implant imaging
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Fig. 1 - (A) 2D ultrasound image of the right breast showing a probable fistula (black arrow) and a heterogeneous echogenic
appearance (i.e., snowstorm sign) from free silicone droplets mixed with breast tissue (white arrow). (B) 70-keV
monoenergetic photon-counting CT showing amorphous heterogenous appearing areas in the right breast (arrow). (C)
70-keV monoenergetic photon-counting CT showing hyperattenuating, enlarged axillary and internal mammary lymph

nodes (arrows). All CT image window level/width = 40/400 HU.

can be translated to first-generation clinical photon-counting
CT systems with improved diagnostic features. These new fea-
tures include the removal of dual-energy CT field of view lim-
itations as a result of photon-counting CT improvements, and
the differentiation of silicone from calcium as a result of our
new method improvements that can be translated to all spec-
tral CT systems.

Case report

An 81-year-old woman with a history of a stroke and a mi-
tral valve replacement presented to the emergency depart-
ment with bleeding from a right breast wound. Further his-
tory included silicone breast implants with CT-confirmed bi-
lateral extracapsular rupture, asymmetric swelling and discol-
oration of the right breast, and a low tolerance for MRI scans.
Ultrasound imaging of the right breast in the emergency set-
ting demonstrated a probable fistula with areas of hemor-

rhage and free silicone (Fig. 1A). The patient then underwent
a non-contrast, chest photon-counting CT scan (NAEOTOM
Alpha; Siemens Healthineers, Forchheim, Germany) to deter-
mine the location and extent of the extracapsular silicone
within the heterogenous appearing right breast (Fig. 1B) and
within hyperattenuating, enlarged axillary and internal mam-
mary lymph nodes (Fig. 1C).

To help answer these diagnostic questions, we used our
custom software to generate silicone-specific segmentation
images (i.e., silicone maps) from the photon-counting CT
data [10,11]. This software used a two-dimensional (2D) his-
togram of the 40-keV and 190-keV monoenergetic data. The
unique location of silicone within this 2D histogram allowed
for material differentiation and visual segmentation of sili-
cone within the photon-counting CT images. Examples of the
pre-segmented CT image, the corresponding 2D histogram,
and the resulting silicone segmented CT image are shown in
Fig. 2A-C, respectively.

Our custom photon-counting CT silicone maps for this
patient (1) allowed differentiation of extracapsular silicone

calcium

190-keV

Fig. 2 - (A) 70-keV monoenergetic photon-counting CT showing heterogenous appearing silicone, hematoma, and calcium
within the breasts. (B) 2D histogram of the 40-keV and 190-keV monoenergetic photon-counting CT data from the axial
section in A. Note that silicone has a unique 2D location from calcium, fat, and non-enhancing tissue. (C) Custom
silicone-specific segmented image of A based on the pink quadrilateral ROI in B that identifies voxels containing silicone.

All CT image window level/width = 40/400 HU.
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Fig. 3 - (A) Our custom silicone segmented image that differentiated extracapsular silicone from hematoma and calcium in
the right breast and assessed the fistula (arrow). (B) Our custom silicone segmented image of Fig. 1C revealing
silicone-laden lymph nodes (arrows). (C) Silicone segmentation image of Fig. 1C using the prior dual-energy CT methods
(i.e., syngo.CT Dual Energy VB70; Siemens Healthineers) where arrows point to silicone-laden lymph nodes. Note that
silicone and calcium are not differentiated in (C). (A) and (B) CT image window level/width = 40/400 HU.

from hematoma and calcium within the right breast (Fig. 3A),
(2) provided anatomic assessment and location of the fis-
tula (Fig. 3A), and (3) revealed bilateral silicone-induced lym-
phadenopathy (Fig. 3B). A comparison to the prior dual-energy
CT methods [6-9], where silicone and calcium are not differ-
entiated, is shown in Fig. 3C.

Discussion

Ultrasound imaging can be useful for silicone breast implant
evaluation in patients with contraindications to MRI. How-
ever, ultrasound is not the ideal modality for either emer-
gency imaging or routine screening, especially for patients
with implant ruptures, breast calcifications, or both. This case
report demonstrated the potential for first-generation clinical
photon-counting CT systems to perform volumetric silicone-
specific segmentation as an alternate to both MRI and ultra-
sound breast imaging. Furthermore, the extracorporeal extru-
sion of breast implant material after cosmetic augmentation
seen in this patient is a rare event with few cases reported in
the literature [12].

Prior clinical publications have also demonstrated the po-
tential for dual-energy CT to perform volumetric silicone-
specific segmentation [6-9]. However, these prior methods
were only shown for a single vendor, had field of view limi-
tations, and could not differentiate calcium from silicone. In
contrast, our initial clinical data showed that emerging spec-
tral CT methods can differentiate silicone from calcium and
have the potential to be translated to all spectral CT scanners
with monoenergetic image capabilities (i.e., all dual-energy CT
and photon-counting CT scanners).

One current limitation of these methods is that spectral CT
silicone maps have yet to be FDA approved under any vendor,
and therefore require custom in-house reconstructions.

However, some vendors do offer software tools for such off-
label applications (e.g., syngo.CT Dual Energy VB70; Siemens
Healthineers, Forchheim, Germany) [13]. Another limitation of
this method is that CT uses ionizing radiation, unlike MRI and
ultrasound. However, the radiation dose to the patient could

be reduced by a factor of two using the improved contrast-
to-noise ratio and special tin filtration technique available
in photon-counting CT systems compared with conventional
dual-energy CT systems [14,15].

In conclusion, we have used a custom method to differenti-
ate and segment silicone in photon-counting CT images. This
new method showed that, similar to dual-energy CT, photon-
counting CT can be used as an imaging alternative for patients
with contraindications to MRI. Additionally, this new custom
method can differentiate silicone from calcium with reduced
scan time and cost compared to MRIL.

Patient consent

Written informed consent for the publication of this case re-
port was obtained from the patient.
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