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") Check for updates

During a routine NRC inspection, a review of historical occupational dosimetry monitoring data for interventional radiology physician AUs was questioned regarding
unexpectedly low results. This was interpreted to be an indicator of noncompliance with the wearing of occupational dose monitoring devices and, therefore, required
occupation dose reconstructions in order to estimate the actual dose. In an effort to comply with dose monitoring requirements, the AU interventional radiologists diligently
began wearing their whole-body and ring dosimeters during all procedures including Y-90, fluoroscopy-guided and CT-guided. In the interest of patient care, an AU that
performs many interventional CT-guided procedures involving the use of a cumbersome treatment device, placed his hand in the CT beam on numerous occasions to
stabilize the device. This quickly resulted in a cumulative extremity exposure that exceeded allowed limits. Once we became aware of the extremity over-exposure, steps
were taken to prevent any further significant extremity exposure for the remainder of the year. The over-exposure was reported to the NRC and State following regulatory

requirements.

Methods

Reconstruction of whole-body and extremity dose
from x-ray and radioactive materials was completed on all
interventional radiologists listed as Authorized Users (AU)
of byproduct material under 10. CFR 35.1000 on our license.
The radiation safety officer in collaboration with the NRC
physicist created an experimental setup to measure the
scattered dose per patient dose indicator. A digital ion chamber
was used to measure the accumulated exposure at the usual
physician position. An mR per mGy of indicated air kerma (AK)
conversion factor was determined for fluoroscopy and mR per
CTDIvol (mGy) for CT-guided procedures [1-5]. Dose reduction
correction factors were applied to account for the use of
protective lead equipment such as leaded gloves, eyewear, and
ceiling-mounted shields. The completed dose reconstructions
indicated several AUs listed on the license exceeded annual
occupational dose limits during 2019 and 2021 (ML22073A220)
[6-10].

Discussion

Due to gaps related to training and oversight of the
radiation protection program, our facility has devoted a new
full-time radiation safety assistant staff position, increased
administrative oversite and training modules, and is routinely
assessing and improving our radiation protection program.
Rounding observations in areas that use radiation-generating
devices and radioactive materials, increasing a positive
radiation safety culture that includes an event reporting tool
for those who want to report an unsafe event or exposure. We
have also added a “Radiation Safety Huddle” distributed to all
staff members quarterly.

Most facilities, (including our own), set forth ALARA
overexposure limits for periodical review and reporting.
Once a user reaches that limit or above, a formal notification
and investigation occur at our facility [11-15]. Although it is
not regulatory guidance, auditing for lower-than-expected
dosimeter readings may indicate non-compliance with
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personnel monitoring. We created a subcommittee comprised
of a responsible contact person designated as a badge
coordinator to help with employee participation and to assist
in the investigation of both underexposure and overexposure.
Recognition, investigation, training, and escalated enforcement
of non-compliance are tools we anticipate to improve radiation
personnel dosimetry compliance [16-20].

Corrective action and follow ups

During the course of the over-exposure investigation and
subsequent NRC and State reactive inspections, an extensive
review of physician’s cases for the past three years revealed
hand exposure in CT beam, in particular, CT-guided procedures
(Figure 1A). The exceeded extremity overexposure was reviewed
with the authorized user describing the possible radiation
effects including a dermatological event. The overexposed
physician reported no cutaneous radiation injury effects at
this time. The AU expressed concern for overall safety and
has improved the technique for CT-guided procedures where
hand exposure is no longer seen in CT-guided cases after an
extensive review for the last fourteen months (Figure 1B).
Follow-up measures include a dermatologist consult where no
radiation effects were noted.

Based on the given information, it was concluded that a
workflow practice specific to positioning patients while the
beam was on for biopsies and ablations was the root cause for
the elevated extremity dose with very little exposure being due
to the use of radioactive materials during Y-90 procedures. A
review of the training records for the interventional radiology
physician AUs also showed poor compliance with 10 CFR 19.12. 10
CFR19.12 provides no exemption from training requirements for
physicians based on their assumed knowledge from education,
experience, and credentials. The assumption physicians were
properly trained and knowledgeable as authorized users of by-
product material or privileged fluoroscopy users, but as the
responsible owner of the NRC license, the organization must
verify radiation safety compliance.

We have implemented changes to improve the proper use
of protective devices and encouraged physicians to use forceps
or other medical equipment to eliminate hand in the beam,
[2]. In addition to lead protective devices, shielding was put
in place, (table skirt, Mavig Shields, sterile leaded gloves), and
additional signage was posted on CT machines “Do not place

(B)

Right Renal Cryoablation Right Renal Cryoablation

Figure 1: (A) Figure above demonstrates physician holding instruments with hand in
beam for CT guided procedures.

(B) Figure above demonstrates cryoablation of right renal mass without hand in
beam used for stabilization.
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hand in beam” and “Radiation dosimeters required beyond
this point” before entering CT/Interventional Radiology suites
to help reduce physician and staff exposures. There has been
significant improvement and no hands in the beam have
been seen in the audits of CT-guided procedures for the last
14 months. The radiation safety observations and CT-guided
procedures audits are in place to eliminate reoccurrence.

After our initial NRC inspection, we became aware of NRC
Information Notice 2021-02 which highlights similar issues
associated with monitoring occupational exposure to radiation
from licensed and unlicensed radiation sources. (ML21152A239).
Based on our experience, it appears that this Information Notice
is not widely distributed to those implementing the radiation
protection program. We cannot overemphasize that this NRC
Information Notice is of extreme importance, and it is critical
for organizations to take it seriously.

Conclusion

The use of a ring radiation monitoring device for hand
exposure to radioactive isotopes led to an unexpected finding
of significant hand exposure from CT beams during CT- guided
procedures and also led to successful corrective action plans
in partnership with the U.S. Nuclear Regulatory Commission
(NRC).
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