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Date: 2/23/2022 

To: U.S. Nuclear Regulatory Commission 
ATTN:  Document Control Desk 
Washington, DC 20555-0001 
 
U.S. Nuclear Regulatory Commission Region I 
2100 Renaissance Blvd., Suite 100 
King of Prussia, Pennsylvania 19406-2713 
 
West Virginia Radiological Health Program 
350 Capitol Street, Room 313 
Charleston, West Virginia 25301-3713 

RE:  Occupational Radiation Worker Overexposure Notification 

In accordance with 10 CFR 20.2203 and WV 64 CSR 23 6.54, this report is to notify the Nuclear 

Regulatory Commission and West Virginia Radiological Health Program of occupational radiation 

exposures in excess of the limits in 10 CFR 20.1201 and WV 64 CSR 23 6.5. 

Description of Event 

In the course of occupational exposure during years 2021, 2020, and 2021, it appears that three adult 

occupational radiation workers have exceeded the whole body, lens, and extremity exposure limits 

specified in 10 CFR 20.1201(a)(2)(ii) and WV 64 CSR 23 6.5.a.2.B.  The medical facilities at which these 

individuals received occupational exposure are: 

1. Cabell Huntington Hospital, located at 1340 Hal Greer Blvd, Huntington, WV 25701 

2. St. Mary’s Medical Center, located at 2900 First Avenue, Huntington, WV 25702 

3. Logan Regional Medical Center, located at 20 Hospital Drive, Logan, WV 25601 

4. Raleigh General Hospital, located at 1710 Harper Road, Beckley, WV 25801 

5. WVU Ruby Memorial Hospital, located at 1 Medical Center Drive, Morgantown, WV 26506 

6. Highlands ARH Regional Medical Center, 5000 KY 321, Prestonsburg, KY 41653 

Note that the majority of occupational exposure occurs at Cabell Huntington Hospital and St. Mary’s 

Medical Center;  not all of the 3 individuals exceeded each of the dose limits, or exceeded a limit for 

each of these years, or worked at each these facilities. 

Description of Occupational Radiation Workers 

The three occupational radiation workers are physicians who perform interventional radiology 

procedures primarily using x-ray generating fluoroscopy and CT equipment.  Two of these physicians 

also perform radioembolization procedures using Y-90 microspheres.  These individuals shall be 

identified as MD1, MD2, and MD3 in this report.  The required additional personal identification 

information for these individual is stated in a separate and detachable part of this report and is labeled 

as “Privacy Act Information: Not For Public Disclosure”. 
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Discovery and Background 

We submitted an extremity overexposure notification for MD1 on 10/23/2021 (identified as MD in that 

report, identified as MD1 in this report; same individual).  In that report, we used limited occupational 

dosimetry records to estimate the extremity exposure for 2021.  The 10/23/2021 notification triggered a 

reactive on-site inspection by the US NRC from 11/16/2021 through 11/18/2021.  A review of dosimetry 

records indicated that the wearing of dosimetry devices by interventional radiologists was inconsistent 

to absent in the past.  The NRC directed us to perform dose reconstructions in order to estimate the 

annual occupational radiation exposure for 5 interventional radiologists for years 2019 through 2021. 

Occupational Dose Estimation Methodology 

We discussed with the NRC inspectors possible approaches for performing dose reconstructions using 

available dose indication information.  It was agreed that we would determine the total procedures 

performed per physician per year, use patient dose indication metrics from a sample of representative 

procedures performed at Cabell Hunting Hospital, determine corresponding physician exposure 

conversion factors relative to patient dose indicators, and apply appropriate dose conversion factors.  As 

discussed, the fluoroscopy and CT guidance interventional x-ray equipment at Cabell Huntington 

Hospital includes modern single plane, bi-plane, and CT fluoroscopy capable imaging systems that share 

radiation scatter attributes similar to the other interventional imaging systems used by the 

interventional radiologists at the various facilities supported. 

With the assistance of NRC inspectors, the physician exposure conversion factors were determined as 

follows.  For fluoroscopy guided procedures, 24 cm of solid water patient simulating phantom material 

was placed in the beam of a representative interventional fluoroscopy unit and a calibrated hand held 

digital ion chamber was used to measure exposure at the usual physician position.  An mR per mGy of 

indicated air kerma (AK) conversion factor was determined.  For CT guided procedures, 24 cm of solid 

water patient simulating phantom material was placed in the beam of a representative interventional CT 

unit and a calibrated hand held digital ion chamber was used to measure exposure at the usual physician 

body position during CT fluoroscopy/biopsy mode.  An mR per mGy of indicated CTDIvol conversion 

factor was determined.  For CT guided procedures with the physicians hand in the beam, the standard 

32 cm acrylic cylinder CTDI measurement phantom was placed in the beam of a representative 

interventional CT unit and a calibrated solid state radiation dosimeter was used to measure exposure at 

the phantom surface during CT fluoroscopy/biopsy mode.  An mR per mGy of indicated CTDIvol 

conversion factor was determined.   

In order to estimate cumulative occupational exposure for all facilities at which the physicians received 

occupational exposure, CPT (Current Procedural Terminology) code analysis was used to obtain the total 

procedures performed per CPT code per facility per physician per year.  All fluoroscopy and CT guided 

interventional procedures performed in the 4th quarter of 2021 at Cabell Huntington Hospital were 

manually reviewed to obtain the per procedure cumulative patient dose metrics.  Similar procedures 

were grouped together, the total number of procedures performed per group per physician per year 
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was calculated, the mean dose and the 25 – 75 percentile dose range of typical patient dose metrics per 

procedure group was calculated. Dose conversion factors were applied as follows: 

1. 0.093 (mR/mGy AK) indicated procedure “patient” dose to physician exposure conversion factor 

applied to all Fluoro Whole Body Deep Dose, Lens, Shallow, and Extremity dose calculations; as 

measured and described above. 

2. 0.97 (mrem/mR) exposure to dose conversion factor applied to all dose calculations. 

3. 0.3 correction factor applied to all Fluoro and CT Whole Body Deep Dose calculations due to use 

of lead apron during all exposures (EDE2). 

4. 0.5 or 0.75 correction factor applied to all Fluoro Whole Body Deep/Lens/Shallow/Extremity 

dose calculations depending on historical use of accessory pull-down radiation shield by 

physician as assessed by observation and interviews. 

5. 0.5 correction factor applied to all Fluoro and CT Lens dose calculations for use of accessory 

leaded glasses as assessed by observation and interviews. 

6. 0.015 (mR/mGy CTDIvol) indicated procedure “patient” dose to physician exposure conversion 

factor applied to all CT Whole Body Deep Dose, Lens, Shallow, and Extremity dose calculations; 

as measured and described above. 

7. 69 (mR/mGy CTDIvol SmartStep) indicated procedure “patient” dose to physician extremity 

exposure conversion factor applied to MD1 for CT Guidance Ablation and Needle Placement 

Procedures; as measured and described above. 

8. 0.75 correction factor applied to all CT Guidance Ablation procedure calculations as the average 

percentage of procedures performed by MD1 that typically had hand in the beam. 

9. 0.3 correction factor applied to all CT Guidance Ablation procedure calculations as average 

percentage of the procedure performed by MD1 that typically had hand in the beam. 

10. 0.3 correction factor applied to all CT Guidance Needle Placement procedure calculations as the 

average percentage of procedures performed by MD1 that typically had hand in the beam. 

11. 0.3 correction factor applied to all CT Guidance Needle Placement procedure calculations as the 

average percentage of procedure performed by MD1 that typically had hand in the beam. 

From this, the cumulative mean occupational radiation dose and the 25 – 75 percentile dose range was 

calculated for MD1, MD2. MD3, MD4, and MD5 for 2021, 2020, and 2019. 

With the exception of MD1 that chose to place his hand in the beam during CT guided interventional 

procedures, it is our position that interventional radiologists commonly work in a uniform radiation field 

where the hands and the whole body are typically at similar distance and elevation from the x-ray 

radiation scatter source.  We therefore do not require interventional radiologists to wear extremity 

dosimeters during normal fluoroscopy procedures when working in a relatively uniform radiation field. 

Extremity exposure to interventional radiologists from radioactive materials is primarily due to Y-90.  As 

reported in the notification of 10/23/2021 for MD1, 2021 extremity exposure was estimated to be 18 

mrem from 15 Y-90 treatments.  Based on the methodology described in that report, we estimate the 

extremity exposures from the use of radioactive materials to be: 
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From the above analysis, we conclude that the extremity exposure from the use of radioactive material 

is negligible relative to the extremity exposure from the use of x-ray radiation and, given the relative 

magnitude of extremity exposure estimates from x-ray use, can be ignored. 

Estimated Occupational Dose 

The dose estimation process required a considerable amount of time and effort by the medical physicist, 

hospital administration, and various support staff.  The dose reconstruction process was completed on 

1/24/2022.  It was at that point we became aware that several interventional radiologists appeared to 

have exceeded occupational exposure limits during previous years.  The results of the cumulative 

occupational dose estimates are shown below: 
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Of the 5 interventional radiologists, 3 (MD1, MD2, and MD3) exceeded an occupational dose limit as 

shown above.  Please note that the spreadsheets used for the above dose estimates were submitted for 

review directly to the regional NRC representatives that requested the dose reconstructions.  The 

extremity exposure estimate provided in the 10/23/2021 notification for MD1 was a first approximation 

based on the limited data available at the time.  The above estimate reflects a much more complex 

estimation methodology and should be considered an update to the initial estimate. 
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Reported Occupational Dose 

The mean cumulative occupational exposure results shown above will be used to request corrected 

occupational exposure history records from Landauer dosimetry. 

Risks and Expected Effects 

Elevated occupational radiation exposure may increase the risk of developing leukemia, lymphoma, 

breast cancer, skin cancer, melanoma, and cataracts.  The threshold for observed cutaneous radiation 

injury effects from an acute radiation exposure is considered to be approximately 200 rads (2 Gy).  

Possible tissue reactions from an acute partial body radiation exposure of approximately 500 rads (5 Gy) 

include transient erythema and epilation, no permanent long term damage is expected.  MD1 reports no 

observed cutaneous radiation injury effects at this time.  To date, MD1 dermatologist consults report no 

radiation induced cutaneous injury to the hand(s).  MD1 routinely has dermatologist consults at least 

once per year.  Any future dermatologic findings related to extremity radiation exposure will receive 

appropriate medical care. 

Investigation 

Medical physics surveys on the interventional fluoroscopy and CT imaging systems indicates that these 

systems are performing within manufacturer specifications and regulatory limits.  The estimated high 

exposure results are primarily attributed to workload and the protective accessory radiation shielding 

devices may not be used to full advantage.  The table-mounted drape shield could not be located in one 

of the interventional bi-plane rooms. 

Individuals likely to receive more than 100 mrem of occupational exposure per year are to be instructed 

in the health problems associated with radiation exposure and in precautions and procedures to 

minimize exposure and in the purposes and functions of protective devices employed.  The radiologists 

received related training via documented fluoroscopy safe practices net learning based training and 

were deemed compliant with Joint Commission and credentialing requirements.  However, the scope of 

this training material may not fully meet current NRC requirements in 10 CFR 19.12.  All the 

interventional radiologists are board certified and fellowship trained; more rigorous training was not 

performed due to physician credentials and assumed knowledge.  

Review of occupational dosimetry records was performed and documented.  Problems with 

occupational dosimetry program participation by physicians and other hospital employees are well 

documented in these reviews and in Radiation Safety Committee meeting records.  Corrective actions 

included documented memos from the RSC/RSO reminding participants of occupational dosimetry 

requirements and emails from Medical Affairs.  These efforts from the RSC and RSO were from a larger 

system approach and did not focus specifically on improving participation in interventional radiology. 

Tracking of cumulative occupational radiation dose relies on notification by participant receiving dose at 

multiple facilities and requires use of the social security number as the participants ID number.  Facilities 

do not require participants to enroll in occupational dosimetry using their social security number. 
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Corrective Measures to Prevent a Reoccurrence 

1. Education:  

a. MD1, MD2, MD3, MD4, and MD5 have read and signed Memo from Radiation Safety 

Committee to Radiation Workers re Occupational Radiation Worker Dosimeter 

Agreement.  This document describes the requirement to wear, how to wear, and how 

to manage radiation dosimeter(s). 

b. MD1 has read Best Practices Guidelines for CT-Guided Interventional Procedures, found 

at https://www.jvir.org/article/S1051-0443(17)30960-0/fulltext.  This material aims to: 

i. Review relevant technical aspects of CT image acquisition, reconstruction, and 

dosimetry, 

ii. Review the use of CT to perform image-guided procedures, 

iii. Discuss strategies for managing radiation dose and image quality during CT-

guided procedures, 

iv. Review radiation protection for the operator(s), staff, and patient during CT-

guided procedures, 

v. Review essential CT-guided procedural quality-improvement activities. 

c. MD1, MD2, MD3, MD4, and MD5 have read the CHH/SMMC net learning Safe 

Fluoroscopy Practices. This material aims to: 

i. Review relevant technical aspects of fluoroscopy image acquisition and 

dosimetry, 

ii. Review the use of fluoroscopy to perform image-guided procedures, 

iii. Discuss strategies for managing radiation dose and image quality during 

fluoroscopy-guided procedures, 

iv. Review radiation protection for the operator(s), staff, and patient during 

fluoroscopy-guided procedures. 

2. Radiation Protection:  Shielding and Distance.   

a. Note that MD1, MD2, MD3, MD4, and MD5 wear lead aprons with thyroid collar and 

protective glasses during all occupational exposure. 

b. MDs will use shielding and distance as much as practical to reduce exposure by 

positioning the ceiling and table mounted radiation shields to protect MD. 

c. A replacement table mounted drape shield was installed in the bi-plane room at Cabell 

Huntington Hospital. 

3. To minimize exposure from the use of CT-guidance, MD1, MD2, MD3, MD4, and MD5 will use 

shielding and or distance to reduce exposure by a variety of methods: 

a. Retreat to the CT control room area during CT guidance, or  

b. Retreat to the sheltered sides of the CT gantry (illustrated below) during x-ray 

production, or 

c. If the procedure precludes the above, a mobile or ceiling mounted radiation shield 

(illustrated below) will be positioned to protect MD. 

https://www.jvir.org/article/S1051-0443(17)30960-0/fulltext
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d. Proguard RR1 leaded protective surgical gloves are available and may be useful when 

performing CT guided interventional procedures requiring that the hand be placed near 

the beam and leaving the room during x-ray production or use of more effective 

radiation shielding is not possible.  The manufacturer estimates that these gloves 

provide approximately 33% scatter reduction at the 120 kVp commonly used for CT-

guided  procedures and up to 50% scatter reduction at the kVp’s commonly used for 

fluoroscopy-guided procedures. 

 

4. An administrative preprocedure timeout/check step has been added to the TheraSphere Y-90 

procedure callout sheet to verify that the interventional radiologist authorized user is wearing 

their whole body and extremity dosimeters.  This checklist is followed step-by-step and read 

aloud be interventional radiology (IR) staff for procedure setup and during treatment devise 

assembly, dose delivery, and post-delivery disassembly. 

5. An administrative preprocedure timeout/check step has been implemented for fluoroscopy 

guided interventional procedures at SMMC and CHH to verify that the interventional radiologist 

and support staff are wearing their radiation dosimeters.  
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6. An occupational dosimetry program manager will be designated for each facility/department 

providing occupational dosimetry.  The occupational dosimetry program manager(s) will 

manage dosimeter exchanges, facilitate participant enrollment, and report management and 

compliance issues to their department supervisors/managers and/or the RSO/designee.  

7. Radiation dosimetry records will be reviewed on an ongoing basis for unusually high and 

unexpectedly low occupational exposure. 

8. Unused dosimeters and unexpectedly low occupational exposure history may be an indicator of 

improper dosimeter utilization.  If, as part of the periodic review of occupational dosimetry 

records, the RSO/designee observes unused dosimeter reported as “UNUSED” or unexpectedly 

low occupational exposure results, the appropriate department manager will be consulted 

regarding possible changes in the participant employment, work duties, habits, and dosimeter 

management.  If the investigation indicates that the “UNUSED” or low readings are due to the 

dosimeter(s) not being worn, the RSO/designee will follow-up directly with the participant. 

9. Unreturned dosimeters are also an indicator of improper dosimeter utilization.  The 

RSO/designee will analyze the unreturned dosimeter rate as part of the periodic review of 

occupational dosimetry records.  The desired unreturned dosimeter rate is considered to be 

below the benchmark unreturned rate of 8%.  List of the participants with unreturned 

dosimeters will be provided by the RSO/designee to the appropriate dosimetry program 

manager(s).  The dosimetry program manager(s) will contact the individual participants to 

obtain the unreturned dosimeters. 

10. Discipline for noncompliance with this policy will be progressive.  Initially, documented 

notifications may be utilized, followed by retraining.  Continued noncompliance will be reported 

to Medical Affairs.  Ultimately, continued noncompliance may result in withdrawing of privileges 

and termination. 

11. Postings:  

a. The following Caution signs have been posted at entrances to the interventional 

fluoroscopy procedure rooms at St. Mary’s Medical Center and are ordered for Cabell 

Huntington Hospital. 
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b. The following Caution signs have been affixed to the interventional CT scanners and are 

viewable by the interventional radiologist during CT-guided procedures: 

Caution Sign CHH CT #3 

  

  

SMMC CT #1 SMMC CT #2 

  
  

Conclusion 

We believe that the findings from the above investigation are accurate and that the corrective action 

measures will be effective to prevent reoccurrence. 

 

Sincerely 

 

James Norweck, MS, DABR, Radiation Safety Officer 


