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September 15, 2018 

Providence Alaska Medical Center 
Attn:   Mark Winslow, Ph.D. 

Radiation Safety Officer 
3200 Providence Dr. 
Anchorage AK 99508 

RE: Radiation exposure reconstruction for Providence Alaska Medical Center  
 Physicians utilizing ANSI Methodology. 

A radiation exposure reconstruction was requested for three  
physicians who perform services under fluoroscopy at Providence Alaska Medical Center (PAMC).    
The total air kerma usage, which is the aggregate total of both fluoroscopy and CINE usage of each of 
these physicians from 2015 through July 2018 was provided.  Additionally, air kerma usage was provided 
from 2016 – July 2018, .  Finally, fluoroscopy time logs were provided 
for utilization for , also from 2016 – July 2018.  The  system is an OEC Model 
9900 Elite C-arm.  Only fluoroscopy time was available for this system.  Data analysis of sixteen (16) GE 
OEC 9900 Elite systems utilized at another Providence Affiliated facility (Seattle, WA) indicates that a 
suitable value for converting total fluoroscopy usage to air kerma is 15 mGy/min.  This value was used to 
convert  fluoroscopy times to air kerma.    

Table 1 is a summary of the total air kerma usage for each  physician from 2015 through July 2018. 

Table 1 
Data provided regarding total combined fluoroscopy and CINE usage (mGy) for each physician 

Provider Name 2015 2016 2017 Through July 2018 

161930 132740 144549 49592 

115865 113694 116780 28324 

111894 95067 69995 14014 

A. Phantom Measurements

Direct measurement of scatter radiation was performed utilizing a chest/torso equivalent
phantom and Ludlum Model 9DP ionization chamber in integrate mode (SN: 25012373, calibrated on 
7//12/2018).  Measurements were performed in Cath/IR Room 6 which is a Siemens ZeeGo system 
(floor mount). 

Exposure measurements were taken in clinically equivalent conditions with the face shield 
lowered to the chest phantom (patient) and the under table shield in place.  Measurements were taken 
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approximately 50 cm from the midline of the patient at three locations, the collar equivalent location, 
the abdomen equivalent location (perpendicular to the gap between the face shield and the under-table 
shield) and the upper thigh/gonadal equivalent position.  The collar and upper thigh/gonadal positions 
have the benefit of lead equivalent shielding so consequently those values are lower than the abdominal 
readings.  Measurements were made in a PA orientation at both a SID of 120 cm and 100 cm, the FOV 
was set to 42 cm with no collimation used (maximum scatter field).  The distance from the x-ray tube to 
the patient skin (scatter surface) was approximately 68 cm from the x-ray tube which experience would 
suggest is the approximate height / position of the table for majority of patient procedures, (note the 
IRP position is 63.5 cm from the x-ray tube per Siemens specifications).  Both normal fluoroscopy mode 
(at 10 pulses per second) and cineradiography (CINE) (at 4 frames per second) were used.  The pulse 
rate and frame rate are the typical setting utilized for most fluoroscopic procedures.  Images of the 
phantom set up are attached in Appendix A1 and A2.  The average kV and mA are also noted.  Phantom 
data is presented in Table 2a – 2c. 
 
 
Table 2a: kV, mA and Total Cumulative air kerma for 1 minute of fluoroscopy and 30 seconds of CINE to 

body equivalent chest phantom. 
 

SID (cm) kV mA Total Cumulative air 
kerma (mGy) – 1 min 
fluoroscopy (10 pps) 

kV mA Total Cumulative air 
kerma (mGy) – 30 sec 

CINE (4 f/s) 

120 74.6 102 8 70 310 174 

100 74.6 99 4 67.4 325.8 87 

 
 
 
Table 2b: Total integrated scatter exposure (mR), 1 minute of fluoroscopy and 30 seconds of CINE @ 100 

and 120 cm SID.   Measurement taken at approximately 50 cm from the centerline of the phantom at 
locations indicated (see set up images in the appendix for reference) 

 

Measurements Collar (mR) Midline (Abd/Waist) 
(mR) 

Below Table (Groin/ 
Upper Thigh) (mR) 

Total Exposure Fluoroscopy 
(mR) 120 cm SID 

0.287 2.4 0.0952 

Total Exposure CINE  
(mR) 120 cm SID 

2 29.6 0.4313 

Total Exposure Fluoroscopy 
(mR) 100 cm SID 

0.05 1.8 0.0325 

Total Exposure CINE  
(mR) 100 cm SID 

1.3785 27.6 0.38385 
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Table 2c: Ratio of Measured scattered exposure vs. entrance air kerma for Fluoroscopy and CINE @ 100 
and 120 cm SID 

 

Measurements Collar Midline Below Table 

Fluoroscopy 120 cm SID 0.00036 0.003 0.00012 

CINE 120 cm SID 0.000115 0.0017 0.000025 

Fluoroscopy 100 cm SID 0.000125 0.0045 0.0000813 

CINE 100 cm SID 0.00008 0.0016 0.000022 

 
 
 
As note in table 2c, there is a difference between the measured scatter exposure vs. air kerma 

ratio when utilizing normal fluoroscopy mode vs. CINE mode.  A review of 110 cases involving various 
interventional radiology and cardiac catherization procedures at a medical center in Seattle, WA, 
indicates that the ratio of fluoroscopy usage (total patient air kerma) to CINE usage is approximately 
50/50 (49.5% to 50.5%).  An article published in Current Cardiology Review (2009) 
(https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2803281/) had a ratio of 41% fluoroscopy usage to 
59% CINE usage for percutaneous coronary intervention (PCI). 

 
Given these observations, the ratio of measured scattered exposure vs. entrance air kerma as 

indicated in Table 2c should be corrected for the usage variation between fluoroscopy and CINE modes.  
Since fluoroscopy modes had higher ratios on average but appear to be used a little less frequently in 
the cited article and my observations indicated nearly a 50/50 ratio of usage between the two modes, it 
is reasonable to average the observed ratios for these two modes to arrive at uniform value to represent 
expected scatter radiation exposure relative to air kerma usage.  The resultant ratio of measured 
scattered exposure vs. entrance air kerma for 120 cm and 100 cm SID is presented in Table 2d.   

 
 
 

Table 2d: Ratio of Measured scattered exposure vs. entrance air kerma @ 120 cm and 100 cm SID given 
a 50/50 aggregate usage of fluoroscopy vs. CINE 

 

(Source to Image Distance) 
SID 

Collar Midline Below Table 

120 cm 0.000255 0.00235 0.0000725 

100 cm 0.000205 0.00305 0.00005165 

 
 
 

B. ANSI/HPS N13.41 – 1997 “Criteria for Performing Multiple Dosimetry”  

ANSI/HPS N13.41 -1997 outlined methodology for determining effective dose equivalent with 
multiple dosimeters; one under apron worn at the waist and one at the collar external to all available 
shielding.  Table 2d above provides the ratio of entrance air kerma to the patient vs. the expected 
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dosimeter reading at 120 cm and 100 cm SID given a 50/50 usage ratio of fluoroscopy vs. CINE modes.  
The collar correction factor can be utilized directly to estimate the deep dose equivalent (DDE) of a 
dosimeter worn at the collar on the exterior of personal shielding garments.  The Midline correction 
factor that is presented in Table 2d assumes that the dosimeter is worn external to shielding garments 
at the waist.  ANSI/HPS N13.41 methodology assumes that the dosimeter is worn at the waist but under 
the shielding garments.  The shielding garments utilized by the  physicians have a lead equivalency of 
0.5 mm.  NCRP Report No. 168 section 5.5, p. 127 indicates that “a 0.5 mm lead-garment attenuates 
over 95% of incident radiation.”  Using a conservative value of 0.05, i.e. 95% reduction of the incident 
radiation, and applying it to the midline ratio in Table 2d results in the ratios presented in Table 3.  
These ratios when multiplied by the air kerma usage would estimate the deep dose equivalent 
measured by a dosimeter worn 1) a dosimeter worn at the collar on the exterior of the shielding 
garments, 2) a dosimeter worn at the waist (midline) under the shielding garments and 3) a dosimeter 
worn below the waist on the exterior of the shielding garments..    

 
 

Table 3: Ratio of expected dosimeter reading vs. entrance air kerma at 120 cm and 100 cm SID 
 

(Source to Image Distance) 
SID 

Collar Midline Below Table 

120 cm 0.000255 0.0001175 0.0000725 

100 cm 0.000205 0.0001525 0.00005165 

 
 

 

C. Analysis 

ANSI/HPS N13.41 provides the following formula to determine effective dose equivalent when 
one dosimeter is worn under-apron and one dosimeter is worn, unshielded at the collar. 

 
Effective Dose Equivalent = 0.89 x the under-apron dosimeter + 0.11 x the unshielded collar dosimeter 
 
 For this calculation the highest ratios from Table 3 will be utilized.  0.000255 for the collar 
dosimeter and 0.0001525 for the under-apron dosimeter worn at the waist. 
 

Combining the air kerma usage from Table 1, the ratio of expected dosimeter reading vs. 
entrance air kerma from Table 3 (highest collar and waist values), and the methodology described in 
ANSI/HPS N13.41 yields the following collar dosimeter deep dose equivalent (DDE), waist dosimeter DDE 
and effective dose equivalent (EDE) values for 2015, 2016, 2017 and 2018 through the end of July.  
These estimated dosimeter readings and resultant effective dose equivalents are presented in Tables 4a 
– 4d. 
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Table 4a: 2015 – Occupational Exposure 

 

Provider Name Collar Dosimeter DDE 
(mrem) 

Waist Dosimeter DDE 
(mrem) 

Effective Dose 
Equivalent (EDE) 

3846 2469 2621 

2752 1767 1875 

2658 1706 1811 

 
 
 

Table 4b: 2016 – Occupational Exposure 
 

Provider Name Collar Dosimeter DDE 
(mrem) 

Waist Dosimeter DDE 
(mrem) 

Effective Dose 
Equivalent (EDE) 

3153 2024 2148 

2700 1734 1840 

2258 1450 1539 

 
 
 

Table 4c: 2017 – Occupational Exposure 
 

Provider Name Collar Dosimeter DDE 
(mrem) 

Waist Dosimeter DDE 
(mrem) 

Effective Dose 
Equivalent (EDE) 

3433 2204 2340 

2774 1781 1890 

1662 1067 1133 

 
 
 

Table 4d: 2018 through July – Occupational Exposure 
 

Provider Name Collar Dosimeter DDE 
(mrem) 

Waist Dosimeter DDE 
(mrem) 

Effective Dose 
Equivalent (EDE) 

1154 741 787 

673 432 458 

333 214 227 
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Conclusion: 
 

As indicated in Table 4a – 4d, the estimated effective dose equivalent for the maximally exposed 
physician, , would not have exceeded the occupation dose limit of 5000 mrem anytime 
between 2015 to 2017.  Additionally, based on his current estimated effective dose equivalent through 
July 2018,  would not be expected to exceed 5000 mrem for 2018. 

 
As I indicated at the beginning of this report, measurements of scatter radiation were 

performed at a distance of approximately 50 cm from midline of the phantom to the survey meter.  I 
also observed several interventional radiology procedures and the in those procedure the physician was 
observed to be about 75 cm to 100 cm or more from the midline of the patient.  This distance is 
consistent with my experiences and observations for similar procedures performed at my medical 
center.  Since, radiation dose decreases with the inverse square of the change in distance the actually 
scatter radiation intensity would be likely a factor of 2 to 4 or more lower than what was measured at a 
distance of 50 cm.  These estimates would represent a conservatively high effective dose equivalent. 
 

Based on the usage information provide, scatter exposure rate data collected, likely aggregate 
ratio of fluoroscopy vs CINE usage and effective dose equivalent formula from ANSI/HPS 13.41, it is 
highly unlikely that any of these physicians will exceed 5000 mrem for CY 2018.  Nor is it likely that any 
of these physicians exceeded 5000 mrem for any year between 2015 - 2017. 
 
 
 

 
 
John Gough, MS, CHP, DABMP 
Certified Health Physicist 
Certified Medical Physicist 
Senior Associate - Medical Health Physicist 
NW Radiation Services, Inc. 
206-225-6762 
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Appendix A1 – Phantom Setup at 120 cm SID 
  

A 

B 

C 

120 cm SID 
 
Measurements made with the Ion 
Chamber in integrate mode 
approximately 50 cm from the center 
line of the chest phantom. 
 
A – Measurement made with Ion 
chamber at the “collar” 
 
B – Measurement made at waist level 
 
C- Measurement made below waist 
level 
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Appendix A2 – Phantom Setup at 100 cm SID 
  

A 

B 

C 

100 cm SID 
 
Measurements made with the Ion 
Chamber in integrate mode 
approximately 50 cm from the center 
line of the chest phantom. 
 
A – Measurement made with Ion 
chamber at the “collar” 
 
B – Measurement made at waist level 
 
C- Measurement made below waist 
level 

Technical parameters of the chest 
phantom for the 100 cm SID set up. 
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Appendix B1 – Patient case observations and measurements Case 1 
  

Case 1 –  performed the procedures from the left side of the table.  
Face shielding was in place, under table skirt was not present as the skirt was 
only available on the right side of the table.  Tube was under the table, II over 
the patient.  Two electronic dosimeters were worn at the collar (attached to 
the thyroid collar on either side of the assigned dosimeters).   was 
generally about 1 meter from the center line of the patient throughout this 
case.  Scatter radiation was intercepted by the face shield prior to exposing 
the collar dosimeters throughout the entirety of this case. 
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Appendix B2 – Patient case observations and measurements Case 2 
  

Case 2 –  performed the procedures from the right side of the table.  
Face shielding was in place but only partially effective for the case due to 
positioning for the procedure, under table skirt was present as but does not 
extend to the head of the table.  Tube was under the table, II over the patient.  
Two electronic dosimeters were worn at the collar (attached to the thyroid 
collar on either side of the assigned dosimeters).   was generally 
about 0.5 meters from the center line of the patient throughout this case.  
Scatter radiation does not appear to intercept the face shield for the majority 
of time during this case. 
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Appendix B3 – Patient case observations and measurements Case 3 
  

Case 3 –  performed the procedures from the right side of the table.  
Face shielding was in place as well as the under-table skirt.  Tube was under 
the table, II over the patient.  Two electronic dosimeters were worn at the 
collar (attached to the thyroid collar on either side of the assigned 
dosimeters).   was generally about 1.5 to 2 meters from the center 
line of the patient throughout this case.  Scatter radiation was intercepted by 
the face shield prior to exposing the collar dosimeters throughout the entirety 
of this case. 
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