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Technical White Paper:
Monitoring and Tracking
of Fluoroscopic Dose

CONCLUSION

...All medical radiation doses should be tracked and
considered to determine if an increased deterministic risk exists.
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Opportunities

* Paper/electronic logs: Fluoro time, K, , and Py,

* Procedures of ‘interest’ not communicated

* Tedious calculations for PSD

* Physicists lack procedure/equipment use knowledge
* Need Procedure Specific PSD/ K, ,

* Need Physician Procedure Data

* Need FGI ALARA Program

* Need multi-episode PSD

Educational Objectives

* Describe Informatics based tools for peak skin
dose monitoring with FGI

* Understand how the use of Informatics can assist
with Clinical Medical Physics activities:
Meet Regulatory and Accrediting Agency
requirements
Assist with Physician QA Goals
Monitor of FGI ALARA Practices

* Use DMAIC for data driven Dose related QA
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DMAIC ‘Basis of Six Sigma’
"duh-may-ick"

* Define — metric or goal (i.e. limit prob of skin damage)
* Measure — ‘peak skin dose’ (using Informatics)

* Analyze — Cause and Effect relationships (i.e. complex
procedure, too high technique, steep angles, etc.)

* Improve — optimize protocol (specific ALARA protocol
settings, announce dose levels, physician education)

* Control — use process controls (Control Charts)
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Peak Skin Dose Report
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Informatics/DMAIC Approach to PSD
Management
* D Define the goal and metrics
* M Simulate patient/equipment environments
* M Model for PSD calculation
* A Analysis of Results
* | Improvement (ALARA Program)
* C QA Monitoring ‘shine a light’ *

* Timely data are more likely to be acted upon!
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Define ‘Peak’ Skin Dose

® Dgkin max —the most highly-irradiated skin region

Compute Dy, from K, ;:
* Validated Vendor K,
° Backscatter
* Mass-energy absorption coefficient ratio
tissue:air

* Table and pad attenuation

* Equipment/patient specific information

* Account for locations of the x-ray beam/patient
use  * Actual source-skin entrance distances




C-arm Reference Point Location

* K, — total air kerma
at the reference point

* 15 cm from isocenter
toward x-ray tube

* Reference point ~
patient’s entrance
surface

Isocenter

Getting Information! — K, ; Is KEY!

* Images only show limited portion of K,
* May not be transferred to PACs
* Need cumulative K,
Exam Protocol
Dose Report
Manual entry (several vendors)
* Equipment after 2006 has K
* DICOM Radiation Dose SR is ‘emerging’!
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DICOM Radiation Dose SR
Tag(Group,Element) NAME Value
Dose Area Product Total (Gym2)
DICOM 0040,A730-0040,A300-0040,A30A 0.0124
Dose (RP) Total (Gy)
structu red 0040,A730-0040,A300-0040,A30A 0.48313
Fluoro Dose Area Product Total (Gym2)
R t- n 0040,A730-0040,A300-0040,A30A 0.00614
p g Fluoro Dose (RP) Total
0040,A730-0040,A300-0040,A30A 0.2267
Total Fluoro Time(s)
0040,A730-0040,A300-0040,A30A 2504
Acquisition Dose Area Product Total (Gym2)
0040,A730-0040,A300-0040,A30A 0.00624
Acquisition Dose (RP) Total
0040,A730-0040,A300-0040,A30A 0.2564
0040,A730-0040,A730-0040,A124 Irradiation Event UID 1.2.556.8268.402.1200...
David A. Clunie 0008,1030 Performing Physician's Name Physician
PixelMed Publishing
e el e

Clunie D, DICOM Structured Reporting, Bangore,

PixelMed: 200, coosiurier | e
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Patient having 287 separate ‘events’ T g— —
T = [ = =l
Fl
Eloscopy 0.2 4.6 282 612 130 34
e 0.9 4.4 231 583 130 6.3
Event 3
Fluoroscopy 32.7 4.8 -23.1 576 130 13.3
Event 4
DSA  Acquisition 02 4.6 96 640 130 1797
USE Event 1
A
Acqusiion 0.9 4.4 06 702 130 78.7
pE 0.9 44 279 568 130 3120
Event 3
e e Acqisition 32.7 48 231 576 130 358.5
Event 4
v
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Simple Geometry or assume K, , is > PSD

Ka,r =5Gy
Machine correction = 0.85
BSF=14
Tissue/Air = 1.06 Tracking
Ref Pt/Skin = ‘0’ : i System
Table/Pad = 0.7

. Reporting &
PSD= 4.4 Gy Alerting Module

— 7 \\

Both Fluoro AND
Acquistions needed!
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Dosimetry: Virtual (reference) Patients Dosimetry: Virtual Equipmep

0.01x0.01m* Origin
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Patient: Supine, Head First Patient: Prone







C-Arm Primary Angle (<)

C-Arm Secondary Angle (+)

C-Arm Secondary Angle (-)

Table Lateral — “Image Context”




New Physics Tool: Patient/Operator Ref Frame Converter
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Locate the area irradiated
Compute dose to each cm?

-

Patient irradiated skin

X-ray Source 0

A point calculation of air kermato a 0.01x0.01m?2
radiated region

Reference poiat (z,,, .., z.,)

W}c YegZe)

Square shape field of view

ey Yoy Ze,|

___ Raciatdskinofthe Paticst

;.= (Cos(ay), Sin(a,) x Sin(az), Cos(a,) x Sin(az)) (10)
V2= (0, (@), - in(a) )
1= [P, /1 Jength of the side of the radiated area at IRP with | @2 i
(Kt Ve 21 ) = (ke Yo ) = 2% ik 123V, (13) - Xeravsoure
(K2 Yo Ze2)= (e Ve, Zre) + 112 vy - 12 x v, (@) i
(%s Yes 1Zea) = Ok, Yo, Za) — W2 x V- W2 x vy 15)
(R Y et ) = Yo ) + V2V, + 12 XV, (1)

With three points on each triangle face, we can construct the four faces of the pyramid such
as Ax + By + Cz + D = 0, where A, B, C, D are coefficients. As an example, for the plane
consisting of source, (Xc; Ye1 1Z:1) and (Xea \Yea 12c4) COefficients of plane are as follows,

1 Te) + 2o X (3, Zspad) + e, X (2spor- 3c) an

X (e Xspa) + 70X (Xspor= ¥) (8
) + e, X (o, - Yopor) + ¥y X (Yspot - o) (19)
D = Xspot X (42.X o YeX 3e) = XeX (2, X Zopot - Yopor X 72) = ¥eX (spor X Tz, - 30 % (20)

Zs0) :

iNie
31

2011 MENER | side 31

MAYO
CLINIC

Compute: Dose to each 1 cm? point in
defined region
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Sort D, - ‘define’ Peak Skin Dose

DOSE_INFO_UID

x_coor|r coorlz coorlpose

1.312.2.1107.5.3. 2 113.6455.12346669.1769.1 2345644491,
131221107 53 2 1135455 12345650 1769 1234564449 1237462
13122110753 2 1135455 12345650 1780 1234564449.1237453
1.312.2.1107.5.3.2 1135455, 17345660 1769, 1234554449, 1237454,
1.312.21107.5.3.2 1135455 12345689 1789, 1234550449, 1237455
1.312.2.1107.5.3.2 113.5455. 12345689 1789, 1234554449, 1237456,
1.3.12.2.1107.5.3.2 113 5455 17345689, 1789, 1 234554449.1 237457
1.312.2.1107.5.3.2 113 5455 17345689 1789, 1 2345644491 237450
1.312.2.1107.5.3.2 1136455 12345669 1769, 1 2345644491 237459

131221107 53 2 1135455 12345658 1769 1234564449 1237460

65 5 - 03531 3792350936
9614442
6368

9614442

3530026648308

4
3

-0.3531 37823330936
42

-0 3DB74D13550598

#

- 0. 3524766893567 18
96.14442
-0.351953434851383

El
5

16

7% 0 349605189907 128.
2

#
I I I

Patient Information
Patient Name TESTY, RHO
Patiert ID ot0101
Date 12272010
End of ExamD osimetry
Total KAP 001 | gy
Referance Poirt Air 058 Gy
Total Aquistion Air 0w o
Total Fluorossopy Air 0.12 Gy
Kerma
Total Fluorosmepy. 819 s
Time

5-10Gy
>106Gy

1312.2.1107.5.3.2.113 5455 12345650, 1760, 12345544491 237 461 0 348575604250219 A iieag
9514442 oo,
Skinarea withmers than
35%of the peak skin dose
Action level 6Gy
exceeded?
MAYO
CLINIC Sertinal evert
33 exceeded?
oo veveR | sk
q Total area H
Gen- KAP/air kerma | Number of | Number of | Peak skin " " > ?
D[S | procedure ™ | s | M |Pothek | reaes Analysis: Why would PSD be> K, |~
IR Emobilization
Test f (non-Neuro) 245.7 180 162 43 Gy 1068 45
4 y=x
.
35
=
L2 3
2
& 25
= . .
2
@ . ¥= 0.6384x-0.0005
s 15 0
& .
1 S
0
05
.
Q-+ T T T T T T T |
0 05 1 15 2z 25 3 35 4 45
Air Kerma (Gy)
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Table: 0.8; Machine : 0.8; BSF: 1.4 TAR:1.06

2oL MENER | e 35
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Skin Dose ‘angled views and patient size’

MAYO
CLINIC

C20LLMENER | side 37

Analysis: FGI Protocols (need standardization)

| IR Unit 1 | IR Unit 2 [ Runits ]
Vas Upper Extremities Vas Mesenteric Aorta
Pelvis / Peri Upper Extremity Vas Aorta
Vas Pelvis Vas Upper Extremity Mesenteric
Renal Lower Extremity Vas Mesenteric
Vas Renal Vas Lower Extremity Chemo Embo
vc Renal Renal
Vas IVC Vas Renal Vas Renal
CO,/ Gad DSA Ve
Pulmonary TIPS Vas IVC
Vas Pulmonary Fistulogram CO, / Gado
Neuro Vas Fistulogram Pelvis
Vertebroplasty Tube Check Vas Pelvis
Perc Neph Dyna ve Perivision
Endoleaks Dyna Vas IVC Vas Perivision
DynaCT Body PICC Line Singel Leg
InSpace 3D Catheter Placement Vas Single Leg
DynaCT Head Tube Placement General Dyna
Cardiac Vertebroplasty Vertebroplasty
o, Cardiac OLD GenDYNA DSAO
2D/3D Calib BILATERAL PERI Phvsic's Testina

E201IMEER | side-3p

Poor Protocol: High DSA and Fluoro Rate

UNIVERSAL =

Display
Roadmap

Delere

FL Angio Low FL Nf“"wn FL Angio EditProg.
s THPIS led High
& X T Apply

AAA Lower Bxt. Single.
2Fis 75Fs Single.

FL Angio Low
o T5PiS

Nephrostorny Abscess Biliary
B Snoe Single Single

PICC Tunneled NorTunneled
Single. fa Snoe Single Single.

Aarta
aFfs =

FL Angio FL Angio
e il

FL Angia Low
Il 15 Prs S0P/s

5

ABA Lower 4. Single.
B 2P 2Ffs Single.

FLLD Med FLLD High
75Pis 15 Pis

FLLDLow
| 75P
I

Rt Hepatic Lt Hepatic Single
2Ffs

Comrmon Hep
auc] Single.

B 2P

Chemo Embo

FL Angio Low L)
o T5PIS M Hion
Rod f 15PIs

Close Editor Help

ANR Reporting

—
W Ge | Search| | Patient Report| | Reporting] | 1 /Alerts| | Protocol

Reports
PSDReport by Protocol and Physician ||

PSDReport by Protocol
Feak Skin Dose Report

Please input the following information for your report.
Start Date

010172011

The first Date that the report will include

End Date

06/08/2011

The Last Date that the report will include

Physician

ALL[7]

First Physician Name

Aortic Aneurysm Repair[~ )

Q GenerateReport
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DMAIC: Physician Report — Shine a Light!

PSD values for Abdominal Aortic Aneurysm repair for
Performing Physician

DrGreen

I
DrBlue l—(:l}

Dr Brown

Drwhite

Peak Skin Dose (Gy)
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NN Triggers/Alerts

@

Triggers/Alerts
7-High PSD Value [=]
[rriggenn [
[Tt High PSD Value
|[Alent when instance has Peak Skin Dose greater than {VLimit} in one
lexam
[Explanation (wLimi)
3
Unit Gy
[Enabled il

o Eman agaress | Wiliam paviicek@mayo edu

[Email Title: Peak Skin Dose Alert

The peak skin dose of this exam has exceeded the
action level of (vLimit} Gy PATIENT ID: {Patient_ID}
|Avaitanie Tempiate Woras (Click to a0a)

{Patient_ID)

{Accession}

{Date_of_Exam}

{vLimit}

|Email Content
Template

Update Cancel

General Search| | Patient Report| | Reporting| | Triggs
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Take Aways!

* Logs: Fluoro time, K,, and Py,

* Communicate procedures of ‘interest’

* Tedious calculations for PSD — new tools!

* Gain knowledge of procedures/equipment
* Analyze: Protocol/Patient Specific K, . /PSD
* Need multi-episode K,

* Need Physician Specific K, .

* Need FGI ALARA Program!
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Team Members and | ‘Thank you’!

‘Yasaman Dr. Brian Chong, Dr. Eric Huettl,

Khodadadegan MCA MCA MCA R.T. (R), MCA

Dr. Steve Langer,  Dr. Beth Schueler, Dr. Richard Morin,

MCR MCR MCJ Nelson, MCJ

Dr. Kevin

Dr. Teresa Wu,
ASU
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Gene Paden, MS., Stephen Sabyan,

Dr. Kenneth Fetterly,
MCR

)

Dr. Muhong Zhang,
U
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