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Begrédnsad delning

What could be found in the data?

Total air Kerma 16.57 Gy
* Fluoroscopy 2.75 Gy (74.7 min)
* Exposure 13.82 Gy (12.5 min)

air Kerma spread out over an area due to C-arm angulation
* Highest air Kerma in a projection 13.5 Gy
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The literature (10-15 Gy = trouble, 15+ Gy = necrosis)
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What about our patient?

After one month
* Change in tone/blush and scaling skin

After nine months
* Hyper pigmentation
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Back to the literature

Miller et al. found that the
cumulative air kerma overstated the PSD by 40%-50% and
thus cumulative air kerma for a procedure likely represents a
conservative surrogate index of PSD for QA reviews.” How-
ever, Miller et al. also showed the possibility that the tabletop
height and image receptor positioning can be such that the
cumulative air kerma actually underestimates the PSD
received by a patient.”

2. Miller DL, Balter S, Cole PE, et al. Radiation doses in interventional
radiology procedures: the RAD-IR study: part II: skin dose. J Vasc
Interv Radiol. 2003;14:977-990.
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Background: Physicians use fixed C-arm fluoroscopy equipment with many interventional radiologi-
cal and cardiological procedures. The associated effective dose to a patient is generally considered low
risk, as the benefit-risk ratio is almost certainly highly favorable. However, X-ray-induced skin injuries
may occur due to high absorbed patient skin doses from complex fluoroscopically guided interventions
(FGI). Suitable action levels for patient-specific follow-up could improve the clinical practice.

There 1s a need for a refined metric regarding follow-up of X-ray-induced patient injuries and the
knowledge gap regarding skin dose-related patient information from fluoroscopy devices must be
filled. The most useful metric to indicate a risk of erythema, epilation or greater skin injury that also
includes actionable information is the peak skin dose, that is, the largest dose to a region of skin.
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Recently the International Electrotechnical Commission
(IEC) stated the importance of skin dose estimation and skin
dose mapping by including the concepts in the second
amendment of IEC 60601-2-43 (“Particular requirements for
the basic safety and essential performance of X-ray equip-
ment for interventional procedures”). Here, the IEC made the
difference between air kerma mapping and skin dose map-
ping very clear.’
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1.B. An open-source framework for discussion and
evaluation of skin dose

PySkinDose, an open-source Python package for RDSR-
based skin dose estimation is used throughout this report as a
source of practical examples.lg This system translates air
kerma at the PERP to estimate entrance skin dose for all irra-
diated surfaces on computational phantoms. The phantoms
are oriented with the X-ray source by geometric parameters
found within the RDSR, and conversion from air Kerma at
the PERP to skin dose is further supported by correction fac-
tors found in literature, as well as a limited number of in-
clinic measurements, which are discussed in this report (e.g.,
validation of the coordinate system, table and pad transmis-
sion etc.).”® The output of the software is an estimation of
skin dose and a visual indication of skin dose distribution
mapped onto an anthropomorphic or a cylindrical phantom.
The real position of the phantom on the tabletop can be taken
into account. A variety of voxelized phantoms can be incor-
porated in PySkinDose.

There are many available software solutions for skin dose
estimation (both commercial and in-house custom devel-
oped), which are also discussed in this report, but the strength
of PySkinDose is the open-source format that makes it a good
choice for a transparent discussion on models for estimating
skin dose together with DICOM information.
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Fic. 4. Step-by-step correction of the FGI device indicated K to a skin dose estimate according to Eq. (5). The location of the measurement point is indicated
with a white dot or a blue dot, respectively, depending on whether the measurement point is considered air or water t:quivalcnt.-"’8 [Color figure can be viewed at
wileyonlinelibrary.com]
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Fic. 8. Examples of measured tabletop and pad attenuation and transmission.”* Left: the ratio of beam intensity transmitted through the tabletop and pad to the
N - 150 1100 1100 1.089 1275 1221 intensity measured in air, as a function of kV for the three spectral filters. Right:ur 1y +pptp shown as function of KV for three different spectral filters [Color fig-

Fic. 5. Backscatcr factors as 3 function of dimension of 2 square field at e entrance surftoe of a water phantom for different HVLs ™ [Color figure can be N . i

viewed at wileyonfinelibrary. com|] ure can be viewed at wileyonlinelibrary.com]
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TasLe II. DICOM RDSR items pertinent to skin dose estimation

DICOM RDSR Item

Unit

Comments

Plane Identification

Distance Source to Patient/
Distance Source to
Isocenter

Distance Source to Detector

Collimated Field Area

Dose RP

mm

Identification of acquisition plane:
“Single plane” for single plane
systems (one X-ray tube), “Plane A” or
“Plane B” for biplane systems, taken
by the posterior or the lateral X-ray
tube.

Distance from source to center of field
of view. Traditionally referred to as
Source Object Distance (SOD).
Typically, the distance from X-ray
source to the device rotational
isocenter.

Distance from X-ray source to image
detector plane. Traditionally referred
to as Source Image Receptor Distance
(SID).

X-ray field area at image detector
plane

Measured or calculation model stated
PERP air kerma free-in-air

Irradiation Event Type

kVp

Positioner Primary Angle
Positioner Secondary Angle

Table Height Position

Table Lateral Position®

Table Longitudinal
Position®

Filter Material

Filter Thickness Max
Filter Thickness Min

kV

mm

mm

mm

Begrédnsad delning

Identification of irradiation event type:
“Fluoroscopy” for fluoroscopic event,
“Stationary Acquisition” for stationary
image acquisition, “Rotary Acquisi-
tion” for rotational image acquisition.
Voltage applied on X-ray tube
Position of X-ray beams incidence
angle in the RAOYLAQ® direction
Position of X-ray beams incidence
angle in the CRAY/CAUY direction
Height of patient support table in
relation to arbitrary reference point.
Positive direction may vary for
different vendors.

Lateral position (in CRA/CAU
direction) of patient support table in
relation to arbitrary reference point
Longitudinal position (in RAO/LAO
direction) of patient support table in
relation to arbitrary reference point
X-ray filter material, either copper, or
aluminum

Maximum thickness of added filtration
Minimum thickness of added filtration

m region
vasterbotten



Begrédnsad delning

~N
-

Fic. 12. Example of patient phantoms for skin dose mapping. Left: A cylindrical phantom with elliptic cross-section. Right: A human- shaped phantom, con-
structed with the MakeHuman® software.>® Both phantoms are available in PySkinDose.® [Color figure can be viewed at wileyonlinelibrary.com]
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«—image
receptor

« image receptor

Fic. 14. Left: Mlustration of three Cartesian coordinate systems, with origin fixed at the X-ray source (red), the tabletop (green), and the isocenter of the C-arm
(blue). The red coordinate system is used to define the location of the X-ray beam from beam-related parameters in the RDSR structure, while the green coordi- X_rav source—

nate system is used to define the position of the patient support table, upon which the user-defined patient phantom is positioned. Right: Illustration of the same -ray

geometry, when conducting skin dqsc mapping w.ith PySkianse, :vhere the‘ Patient and. the ).(-ray beam héve been defmt?d in ssparate coordinate systems and Fic. 15. Ilustration of the X-ray beam-patient intercept algorithm_g The
transformed to a common space which enables skin dose mapping.® The position and orientation of the patient phantom, in relation to the tabletop, needs to be algorithm calcul the siened di f the ski h to all of the f
specified by the user. [Color figure can be viewed at wileyonlinelibrary.com] gorithm ca'culates the sigh stance from the skin paich to alt of the four
P - ’ sides that delineate the X-ray beam. [Color figure can be viewed at wileyon

linelibrary.com]
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Fic. 16. Illustration of the importance of applying the tabletop and pad correction factors on a skin patch level. Left: Normal incidence posterior projection, in
which all irradiated skin patches should be corrected for tabletop and pad attenuation. Middle: LAO projection, where no patches of skin should be corrected for
tabletop and pad attenuation. Right: RAO projection, where parts of the X-ray beam are covered by the tabletop and pad.® [Color figure can be viewed at wiley
onlinelibrary.com]
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Fic. 18. Tllustration of dose maps calculated from RDSR data Left: Calculated with a cylindrical phantom and Right: A human-shaped phantom.® The PSD esti-
mate equals maximum absorbed skin dose to any of the skin patches on the patient phantom. [Color figure can be viewed at wileyonlinelibrary.com]
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When should you do QC of digital data?

Tenders

* Require formal DICOM compliance
* Request RDSR/other data for QC
Installation

 Test in DMS/unity test

Software upgrades

* Test in DMS/unity test
Decommissioning

* Migrate data and delete
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Who should do the work?

Medical physicists

Biomedical engineers

Manufacturer engineers

System admins

IT-safety professionals

Radiology equipment manufacturers

DMS manufacturers
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Report all incidences/deviations!
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Report summary and recommendations

1. Air kerma at the reference point together with physical corrections
and RDSR data and computational phantoms can achieve meaningful
estimates of skin dose.

2. Use the AAPM TG125 test routine to understand the FGI equipment.

3. More work is needed to understand the uncertainties associated with
skin dose estimates, which should be reported with 95% confidence

intervals.
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Report summary and recommendations

4. Real-time monitoring of skin dose should be used with care during
procedures, the primary task is patient outcome.

5. There is a need for better naming conventions for standardised
procedures.

6. There are gaps in available DICOM information, which could further
advance accuracy and mitigate uncertainty in skin dose estimates.
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