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Dear Mrs. Piskura,

This letter is in response to your email request, dated 2/12/2021, regarding further evaluation of personnel dosimetry. I
have listed your questions below, along with answers. Supplemental information and calculations are appended to this

letter.

1. Specify the number, type, location, and frequency of exchange of dosimeters worn by your IR
physicians (i.e., collar, torso/whole body, under iead, over lead, lead correction). Specify the
methodology used by the dosimetry provider to assign dose for this user group (EDE1 or EDE2).

General interventional radiologists are issued a single collar dosimeter (Landauer “Luxel+ Pa”, OSL); authorized
users for Y-90 radioembolization procedures are also issued extremity (“ring”) dosimeters (Landauer “Saturn
Ring”, TLD). The collar dosimeters are to be worn outside of the lead apron at the collar level during all
procedures; ring badges are only worn when performing radioembolizations procedures. These dosimeters are
exchanged monthly. An EDE122 correction is applied to assign whole body doses to this group, which consists of
dividing the collar badge DDE measurement by 5.6 to account for attenuation provided by lead apron wear [1].
Lead aprons are required to be a minimum of 0.5 mm lead-equivalent and are worn for all cases. For users that
indicate that they wear leaded eyewear during procedures, a LDE17.5 correction is applied to the assigned lens of
the eye dose, which consists of multiplying the collar badge L. DE measurement by 0.175 to account for

attenuation provided by the glasses.
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In your previous dose evaluation dated December 11, 2020, you used a methodology to assign dose to
two individuals (IR1 and IR2) who were not wearing their dosimeters. Your evaluation used exposure
history data from other [Rs as examples of individuals who apparently wore their assigned dosimetry.
For IR 2, you table description indicated that this table provided partial data, and IR2 appears to have
years where he apparently failed to wear his dosimetry during the years 2016-2018. It appears that IR2
became more compliant in 2019 and 2020 at wearing his assigned dosimetry although you also
indicated that the data for these years may be an underestimate of his exposure. Please include a
reassessment of this dose history for the years 2019 and 2020.

Your dose reconstruction for IR1 and IR2 should include each physician’s dose from fluoroscopy work.
This dose should be as realistic as possible and supported with detailed information and your rationale
for the methodology.

Dose histories for both IR1 (years 2012-2020) and IR2 (years 2016-2020) are provided on the following pages in
Tables 1 and 2. These dose reconstruction efforts have been fully re-performed using procedure data and exposure

measurements, as detailed in Appendix A. These methods closely follow those used in previous submissions to

the NRC [2].

Please provide additional information for occupational dose received from other NRC licensed or non-
licensed facilities. For IR1, you indicated that he worked at 1U Heaith Ball Memorial Hospital. This dose
needs to be included in his estimates. For IR2, please clarify if he also worked at other facilities.

IR1 works at IU Health Ball Memorial Hospital and IU Health West Hospital, performing interventional
procedures only (no Y-90 use at these locations). Likewise, IR2 works at IU Health West. While the TUMC
radiation safety office does not provide RSO services at these locations, procedures at these locations are tracked
using the same software (Cerner) utilized at our facilities. The Interventional Imaging Manager for the IUMC

sites was able to provide data for both physicians at all sites, which are incorporated in the dose reconstructions.

After the dose estimates are complete for IR1 and IR2, how will U Health update/correct the dose
history?

The IUMC radiation safety office will work with the dosimetry provider to correct the dose history of these
physicians by providing a copy (or portion of) this report. IUMC routinely works with the provider to perform

similar corrections.

For the years 2012-2020, were annual reports (NRC Form 5 or equivalent) provided to these
physicians?

NRC Form 5 or equivalent forms have been provided to these physicians for all years they have been employed at
facilities served by the IUMC radiation safety office. Updated/corrected forms will be re-issued following updates

with the dosimetry provider.
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Appendix A

Dose Reconstruction Methodology and Calculations

Materials, Methods, and Assumptions

Interventional procedure data was provided for both physicians for the time periods indicated. This data,
in Tables B1 and B2 of Appendix B, show the type and number of procedures performed by both
physicians at all sites, including both IUMC sites and others (i.e. IU Health Ball Memorial Hospital, [U
Health West Hospital, and others within the IU Health system).

As shown in Tables B1 and B2, this data consisted of over 13,000 procedure of 197 types for IR, and
over 5,000 procedures of 128 types for IR2. To simplify data analysis, procedures were categorized into
groupings of similar type or duration (port/line/g-tube tunneled placement, non-tunneled/other placement,
angiography/venogram/etc., and vascular embolization/thrombectomy/etc.). Within these groupings,
fluoroscopy time was averaged for the highest procedure types by volume. These averaged fluoroscopy

times were then applied to all procedures within that group. This data is shown in Tables A1 and A2.
Retrieved fluoroscopy times provided do not separate between conventional/pulsed fluoroscopy modes

and continuous/cineradiography/digital-subtraction-angiography (DSA) modes. A conservative estimate

of 10% cine/DSA use and 90% pulsed use was applied to each unit of fluoroscopy time.
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Scattered exposure rates were measured or extrapolated at two locations for both pulsed and cine/DSA
modes using a phantom to simulate patient procedures and a Fluke 451P ion chamber.
Conventional/pulsed dose rates are given at 50 cm, an estimate of physician location during normal
procedures. Cineradiography/DSA dose rates are given at 100 cm. Typically, physicians leave the room
during these exposures, although not in every instance. This methodology assumes the physician remains

within the room and so is overly conservative. Measurements are provided in Table A3.

Conservative estimates for attenuation [3] were applied to EDE calculations by assuming 120 kVp spectra
and 0.5 mm of lead, as no shielding was used during the above experiments. This is overly conservative
in that typical tube operating voltages for interventional procedures are in the 85-105 kV range, and that

scattered radiation will be at lower energies. Estimates are provided in Table A3.

Table A3. Measured and corrected-for-shielding exposure rates are provided.

Pulsed/Conventional Fluoroscopy Cineradiography/DSA Exposure

Exposure Rate @ 50 cm Rate @ 100 cm
Unshielded 0.45 mR/min 1.07 mR/min
Shielded 0.23 mR/min 0.44 mR/min

Due to potential errors in calculating fluoroscopy time based on averaging over so many procedure types,
all calculated EDE values were multiplied by a factor of 1.5 in an attempt to prevent underestimation. The
EDE contribution from fluoroscopy is calculated by the following equation, where FT is fluoroscopy

time, in minutes.

EDExray) = 1.5 x 0.97 mrem/mR x [(FT x 0.9 x 0.23 mR/min) + (FT x 0.1 x 0.44 mR/min)]
Lens dose contributions from fluoroscopy were calculated by multiplying the calculated unshielded
exposure rate by 0.175 (i.e. LDE17.5 correction) to estimate LDE values. This is shown in the following

equation:

LDE(x.rayy = 1.5 x 0.97 mrem/mR x 0.175 x [(FT x 0.9 x 0.45 mR/min) + (FT x 0.1 x 1.07 mR/min)]
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e Shallow dose (whole body) contributions from fluoroscopy were estimated by applying a correction
factor to the calculated EDE values. A correction factor of 3.23 was determined based on historical
dosimetry data from other interventional radiologists at our locations by taking an average ratio between

reported EDE and SDE values. This value is given by:

SDE, WB(,..-.y) = EDE(x-ray) x 3.23

e Shallow dose (extremity) contributions from fluoroscopy are assumed to be minimal when compared to
Y-90 radioembolization use, as seen in our previously submitted report. Nevertheless, a small factor was

applied via:

SDE, ME(x-rny) = EDE(x-rny) x 0.1

Contributions from Radioembolization Procedures
o Contributions from Y-90 radioembolizations were taken into account using values derived from previous
data and several assumptions. These are as follows:
1) Average administration of 50 mCi.
2) Source to physician distance of 100 cm
3) Y (0.635 cm) of plastic shielding during 15 minutes of exposure while source is within the
administration box, with a dose rate of 0.13 mR/hr @ 100 cm. The administration box is
normally kept in a corner of the room until ready for administration, so this is a conservative
estimate.
4) No shielding while material is in transit through the catheter, with a dose rate of 30 mR/hr @
100 cm
5) Catheter transit time of 1 minute. In most cases, the vast majority of material is administered

with the first flush, which typically takes less than 30 seconds.

o The EDE contribution from Y-90 exposure is given as follows:
EDE(v.90) = 1.5 x 0.97 mrem/mR x YPY x [(0.13 mR/hr x 0.25 hr) + (30 mR/hr x 0.017 hr)]

where YPY is the number of Y-90 radioembolizations administered by the physician in question per year.

YPY values are shown in Table A4.
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