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Patient Dose with Fluoroscopy – 
Evolving Tools and Technologies 

https://en.wikipedia.org/wiki/File:Tesla_circa_1890.jpeg


Why Track Patient Dose? 
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Risk?  Its all about Variability! 



Tenets of Quality (Deming)  

• Belief that things can be improved 

• It is the process that creates variability 

• A blameless environment is needed for team 
solutions 

• People closest to the product are most able to 
affect quality 
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“Inventor” of Six Sigma 
W. Edwards Deming 

• Physicist PhD (Yale, 28) 

• Taught engineering, 
physics in the 1920s 

• Long career in 
government statistics, 
USDA, Bureau of the 
Census 

• Worked with Japan 
post war.  

5 

W. Edwards Deming, 1900 – 1993 



Individuals closest to ‘product’ most 
 affect quality  

Toyota Assembly Line worker STOPS the Line! 

Operating Room – “Procedural Pause” 
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* From Montgomery, D. C. (2009), Introduction to Statistical Quality Control 6th edition, Wiley, New York 

Toyota reduced Variation ..Improved 
Quality 1960s 

8 
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The Motorola Six-Sigma Concept 1980 - pagers 

• Motorola found disturbances cause shifts as much as 1.5 standard 
deviations off target. 

• No process or system is ever truly stable! 
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* From Montgomery 
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“The mean never happens,”  — a 4-day delivery time on one order, with an awful 20-
day delay on another, and no real consistency!  This customers in this chart feel 
nothing.  Their life experience hasn’t changed; one bit. The customer only feels the 
variance that we have not yet removed. … Variation is evil in any customer-touching 
process. * 

*Jack Welch, General Electric Company 1998 Annual Report 

10 

 X-ray 

Tubes 

1990s 
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What do diagnostic medical physicists 

(traditionally) measure? 
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Accuracy of of Air Kerma? 
Accuracy of KAP? 
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These devices had reasonably 
accurate (and highly repeatable) AK and KAP! 
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Different 
 Procedures/Protocols, Operator Training, 

Patients!  



Variability with Fluoroscopy 

• Different pulse and frame rate by physicians 

• Different added spectral filters on device 
protocols 

• Different behaviors of Tap and Pause 

• Different behaviors of detector/table positioning 

• Different size patients 



Measure, Analyze and Improve! 
Reduce Variability….per Patient!  
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Fluoroscopy Tracking 
BEFORE 

ALARA I  
>5Gy Exceeded! 
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Value with Tracking Dose? 

• Patients have a ‘right’ to feel safe with x-ray 
exams and procedures.  

• It is the process that creates variability –
uncertainty of ‘being safe’ 

• People closest to the product/process are most 
able to affect quality 

• Identify and promote tools that empower 
operators! 

 

 



Dose Tracking  
56 CT, 35 Fluoro, PET/Nucs, MR, Mammo etc. ~7 years 
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Three (new) Tools for Users of 
Fluoroscopy 

• Event Geometry Review 

• Table and Detector Positioning 

• Tap and Pause Tool  
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Procedure 
Positioning 
NEW TOOL! 
 
Do you get asked 
about positioning? 

 Focal Spot 

IRP 

Skin 

Detector 

Acquisition 



NEW Event Geometry Tool 
(Post-Procedure Review) 
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Focal Spot    IRP   Skin   Detector    Acquisition 

mm 

Event 

Available from RDSR! 



Event Geometry Tool 
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Focal Spot    IRP   Skin   Detector    Acquisition 

Event 

Excellent Table 
Height. 

Good Detector 
Positioning. 

mm 



Possible Poor Positioning  
 (operators need real time!) 
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Focal Spot    IRP   Skin   Detector    Acquisition 

Event 

mm 

Table Too Low? 



Possible Poor Positioning  
 (operators need real time!) 
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Focal Spot    IRP   Skin   Detector    Acquisition 

Event 

mm 

Detector Too High? 



New Tools for Users of Fluoroscopy 

• Event Geometry Review 

• Table and Detector Positioning 

 

 

©2011 MFMER  |  slide-27 



77.1kV                DSA 
496.6mA             2f/s 
 

A 
 

        Aorta 
        FL LD LOW 

705mGy/min 
3347Gym2 

 

Σ       003.3min 
 

22cm FOV 

Positioning: 
Table 
Detector 

Real time! 



New Tools for Users of Fluoroscopy 

• Event Geometry Review 

• Table and Detector Positioning 

• Tap and Pause 
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77.1kV                DSA 
496.6mA             2f/s 
 

A 
 

        Aorta 
        FL LD LOW 

705mGy/min 
3347Gym2 

 

Σ       003.3min 
 

22cm FOV 

Fluoro: 
Event Time >90s 

Real time! 
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1. Pulse and frame rates 
2. Use of Cu Filter 
3. C-arm Position 
4. Tap and Pause Behavior 

 
 
 

FLUOROSCOPY 
Tracking Found Variability: 



Review of High Exposures 
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Highest Skin Exposures 

From: 6/2012 to 6/2013 

Average Dose : 0.5Gy for 1,768 patients 

Exam Skin DS* FLU X-Ray Event w/ Min FOV Filter Max Max 
Description Dose # Time Longest Time (s) (cm) Min FLU ACQ 

(Gy) (min) FLU ACQ FLU ACQ pps fps 

Vascular  7.45 0  66.9  312.5 11.25  16.0  16.0  0.0  15.00 4 

Angiogram  6.26 0  58.3  150.8 8.67  16.0  16.0  0.1  7.50 30 

Aorta  5.68 0  52.7  140.8 8.67  20.0  20.0  0.0  7.50 15 

AAA  5.22 0  135.2  238.3 10.07  20.0  20.0  0.1  7.50 15 

Aorta  4.75 0  43.2  102.4 13.93  20.0  20.0  0.1  7.50 15 

Angiogram  4.70 0  32.9  177.8 3  16.0 16  0.0  15.00  0 
Vascular 4.22 1 80.1 240.1 9.20 20.0 20.0 0.1 10.0 15 

ALARA I  
>5Gy Exceeded! 



Review High Exposures 
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Highest Skin Exposures 

From: 6/2012 to 6/2013 

Average Dose : 0.5Gy for 1,768 patients 

Exam Skin DS* FLU X-Ray Event w/ Min FOV Filter Max Max 
Description Dose # Time Longest Time (s) (cm) Min FLU ACQ 

(Gy) (min) FLU ACQ FLU ACQ pps fps 

Vascular  7.45 0  66.9  312.5 11.25  16.0  16.0  0.0  15.00 4 

Angiogram  6.26 0  58.3  150.8 8.67  16.0  16.0  0.1  7.50 30 

Aorta  5.68 0  52.7  140.8 8.67  20.0  20.0  0.0  7.50 15 

AAA  5.22 0  135.2  238.3 10.07  20.0  20.0  0.1  7.50 15 

Aorta  4.75 0  43.2  102.4 13.93  20.0  20.0  0.1  7.50 15 

Angiogram  4.70 0  32.9  177.8 3  16.0 16  0.0  15.00  0 
Vascular 4.22 1 80.1 240.1 9.20 20.0 20.0 0.1 10.0 15 

Use 7.5 not 
15 pps. 



Review High Exposures 
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Highest Skin Exposures 

From: 6/2012 to 6/2013 

Average Dose : 0.5Gy for 1,768 patients 

Exam Skin DS* FLU X-Ray Event w/ Min FOV Filter Max Max 
Description Dose # Time Longest Time (s) (cm) Min FLU ACQ 

(Gy) (min) FLU ACQ FLU ACQ pps fps 

Vascular  7.45 0  66.9  312.5 11.25  16.0  16.0  0.0  15.00 4 

Angiogram  6.26 0  58.3  150.8 8.67  16.0  16.0  0.1  7.50 30 

Aorta  5.68 0  52.7  140.8 8.67  20.0  20.0  0.0  7.50 15 

AAA  5.22 0  135.2  238.3 10.07  20.0  20.0  0.1  7.50 15 

Aorta  4.75 0  43.2  102.4 13.93  20.0  20.0  0.1  7.50 15 

Angiogram  4.70 0  32.9  177.8 3  16.0 16  0.0  15.00  0 
Vascular 4.22 1 80.1 240.1 9.20 20.0 20.0 0.1 10.0 15 

Add 0.1mm Cu  
All procedures. 
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~40% Lower Skin Dose  with 0.1mm Cu! 

Differential Dose Acquisition
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Review High Exposures 
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Highest Skin Exposures 

From: 6/1/12 to 6/1/13 

Average Dose : 0.5Gy for 1,768 patients 

Exam Skin DS* FLU X-Ray Event w/ Min FOV Filter Max Max 
Description Dose # Time Longest Time (s) (cm) Min FLU ACQ 

(Gy) (min) FLU ACQ FLU ACQ mm pps fps 

Vascular  7.45 0  66.9  312.5 11.25  16.0  16.0  0.0  15.00 4 

Angiogram  6.26 0  58.3  150.8 8.67  16.0  16.0  0.1  7.50 30 

Aorta  5.68 0  52.7  140.8 8.67  20.0  20.0  0.0  7.50 15 

AAA  5.22 0  135.2  238.3 10.07  20.0  20.0  0.1  7.50 15 

Aorta  4.75 0  43.2  102.4 13.93  20.0  20.0  0.1  7.50 15 

Angiogram  4.70 0  32.9  177.8 3  16.0 16  0.0  15.00  0 
Vascular 4.22 1 80.1 240.1 9.20 20.0 20.0 0.1 10.0 15 

Too LONG!  
Use ‘Tap and 

Pause’! 



Review High Exposures 
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Highest Skin Exposures 

From: 6/1/12 to 6/1/13 

Average Dose : 0.5Gy for 1,768 patients 

Exam Skin DS* FLU X-Ray Event w/ Min FOV Filter Max Max 
Description Dose # Time Longest Time (s) (cm) Min FLU ACQ 

(Gy) (min) FLU ACQ FLU ACQ mm pps fps 

Vascular  7.45 0  66.9  312.5 11.25  16.0  16.0  0.0  15.00 4 

Angiogram  6.26 0  58.3  150.8 8.67  16.0  16.0  0.1  7.50 30 

Aorta  5.68 0  52.7  140.8 8.67  20.0  20.0  0.0  7.50 15 

AAA  5.22 0  135.2  238.3 10.07  20.0  20.0  0.1  7.50 15 

Aorta  4.75 0  43.2  102.4 13.93  20.0  20.0  0.1  7.50 15 

Angiogram  4.70 0  32.9  177.8 3  16.0 16  0.0  15.00  0 
Vascular 4.22 1 80.1 240.1 9.20 20.0 20.0 0.1 10.0 15 

WHAT IF? 
+‘Tap and Pause’ 

+ 0.1mm Cu 
+7.5 pps  
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BEFORE 

2013 



 
New Tools Can Assist 

(just Blind Spot warning) 
 

 

 



 
Tools Do Assist! 

 
 

 

Blind Spot Monitor! 



 
  Thank You! 

 
 

 

I only have the key ring! 
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