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WELCOME:
PRESENT AND FUTURE OF IMRT QA

B. HASSON PH.D, ANNE ARUNDEL MEDICAL CENTER

M. MIFTEN PH.D., UNIVERSITY OF COLORADO

J. PARK PH.D., UNIVERSITY OF FLORIDA

J. CARROLL MS, VERSANT MEDICAL PHYSICS

MONDAY APRIL 1, 2019

PRESENT AND FUTURE OF IMRT QA

• SESSION WILL HAVE 4 PARTS: EACH SPEAKER 

WILL PRESENT FOR APPROXIMATELY 25-30 

MINUTES.

• PART 1 WILL COVER A BIT OF THE 

BACKGROUND AND SOME TOOLS FOR 

PSQA.

• PART 2: JACLYN CARROLL, WILL DISCUSS 

TG-218 AND ITS INTRODUCTION INTO THE 

CLINIC

• PART 3, JI-YEON PARK, AND WILL DISCUSS 

THE USE OF LOGFILES AND PSQA

• PART 4, MOYED MIFTIN, WILL DISCUSS THE 

PATH FORWARD AND FUTURE OF PSQA

• WE WILL HAVE TIME AT THE CONCLUSION 

OF THE TALKS FOR SOME QUESTIONS AND 

DISCUSSIONS.
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DISCLAIMER
I HAVE NO DISCLOSURES TO REVEAL

OBJECTIVE FOR MY TALK IS TO REVIEW SOME HISTORY AND MENTION 

“SOME” OF THE SYSTEMS FOR PSQA: IT IS NOT TO ENDORSE OR FULLY 

EXPLAIN ANY SYSTEM.

PRESENT AND FUTURE OF IMRT QA

• LEARNING OBJECTIVES:

1. RECOGNIZE CHARACTERISTICS OF IMRT SPECIFIC PHANTOMS AND DETECTORS.

2. THE DIFFERENCE IN MEASUREMENT TECHNIQUES FOR IMRT QA AND RECOMMENDATIONS 

FROM TG-218.

3. SPECIFIC QA MEASUREMENTS ASSOCIATED WITH IMRT QA.

4. IMRT QA PROCESSES AND LIMITATIONS OF PORTAL IMAGERS.

5. LOGFILES TO COMPLIMENT OR POSSIBLY REPLACE MEASUREMENT BASED IMRT QA.
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INTRODUCTION AND BACKGROUND OF 
PATIENT SPECIFIC QA

INTRODUCTION AND BACKGROUND OF PATIENT SPECIFIC QA

BRIAN HASSON PH.D., ANNE ARUNDEL MEDICAL CENTER

ANNAPOLIS, MARYLAND

• ANNE ARUNDEL MEDICAL CENTER

• FOUNDED IN 1902 : OVER 400 BEDS AT MAIN 
HOSPITAL: 5 LOCATIONS: 2ND LARGEST 
PROVIDER IN MD

• DECESARIS CANCER INSTITUTE
• 3 VARIAN LINACS  21EX (OBI): NOVALIS TX 
(EXACT TRAC): TRUEBEAM (OSMS/CALYPSO)

• SPECIAL PROCEDURES: 
• SRS/SRT CRANIAL, SBRT (LUNG, SPINE, 
PANCREAS, H&N AND LIVER) 

• DECESARIS CANCER INSTITUTE
• HDR VAGINAL AND PBI(SAVI/CONTURA)
• LDR PROSTATE SEED IMPLANTS
• ECLIPSE TREATMENT PLANNING (AAA + 
ACUROS + MONTE CARLO): IPLAN: PB, MC, 
MMS.

• 2 GENETICIST, 2 SOCIAL WORKERS, 2 PATIENT 

FINANCIAL ADVISERS, SMOKING CESSATION, 

SPEECH THERAPIST.
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BACKGROUND OF PSQA

• WHY PSQA?

• IN THE EARLY1990’S PSQA WAS LIMITED TO 

SPECIALIZED CASES:

• TBI, TSEB, SMALL E-CUTOUTS, SRS/SRT

• SOME VERY COMPLEX CASES – WHOLE 

APPENDAGE SKIN TX’S.

• WE DID NOT DUE PSQA FOR MAJORITY OF 

CASES.

• EVEN DYNAMIC WEDGES CAME INTO 

CLINICAL USE WE DID NOT DO PSQA.

• TURN OF THE CENTURY: SEEMED WE WERE 

THROWN INTO PSQA FOR MANY MORE 

TREATMENTS OF COMMON SITES.

• PROSTATE AND H&N.

• TALK IN 2001: “MY NEW JOB”.

• THE MODULATING OF DOSE DURING 

TREATMENT REVEALED NEW QA STEPS TO 

INSURE ACCURATE DELIVERY.

• MLC QA, GANTRY SPEEDS, DOSE RATE

BACKGROUND OF PSQA

• 3D PLANS CAN PROVIDE LARGE 

HOMOGENOUS DOSE AREAS

• IMRT PLANS CREATE STEEP DOSE GRADIENT 

REGIONS.

• PER FIELD

• PER PLAN

• VMAT AND RAPIDARC PLANS CREATE STEEP 

DOSE GRADIENTS AND LESS DOSE SPILLAGE
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BACKGROUND OF PSQA

• SO THE 2-FOLD ISSUE OF PSQA IS:

• CAN MY PLANNING SYSTEM ACTUALLY CALCULATE THESE INDIVIDUALIZED TREATMENTS?

• CAN MY MACHINE ACTUALLY DELIVER THE PLANNED DOSE ACCURATELY AND PRECISELY?

• FOR MEDICAL PHYSICIST THESE QUESTIONS LED TO THE NEXT QUESTION:

• DO WE ACTUALLY HAVE TOOLS AND UNDERSTANDING TO MEASURE THE DOSE?

• I WOULD CONTEND WE DID NOT HAVE THE ACTUAL ANSWERS, BUT STARTED TO DEVELOP BOTH 
THE TOOLS AND UNDERSTANDING.

• REALIZED IN SRS/SRT CASES WE WERE USED TO MEASURING SHARP GRADIENTS – PROBABLY A 
GOOD STARTING POINT.

BACKGROUND OF PSQA

CRANIAL SRS CASES WHAT DETECTORS ARE USEFUL
• SMALL CHAMBERS FOR HIGH DOSE GRADIENT 

REGIONS ARE NEEDED.

• FARMERS CHAMBERS CAN BE USED IN LARGE NEARLY 
HOMOGENOUS DOSE GRADIENT REGIONS.

• NEAR ENERGY INDEPENDENCE

• FAST RESPONSE

• SENSITIVE

• CHAMBER SIZE SHOULD NOT BE LARGER THAN THE 
HOMOGENOUS REGION FOR MEASUREMNTS



3/29/2019

6

INTRODUCTION

Can get a single dose point and a fluence with film: is that enough

INTRODUCTION

• CAN DO SINGLE POINT AND FILM

• LIMITED INFORMATION

• NOT EFFICIENT

• (9-FIELD SPLIT WITH MULTIPLE POINTS)

• PHANTOM RESTRICTIONS 
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INTRODUCTION

INTRODUCTION

• WHAT DO WE DO TO ANALYZE – WHAT DOES IT MEAN

• WHEN WE LOOK AT A DOSE DISTRIBUTION AND WE WANT TO COMPARE TO ANOTHER WE HAVE 2 

COMPONENTS TO CONSIDER DOSE AND DISTANCE. 

• DTA – DISTANCE TO AGREEMENT (DOSE VALUE – DISTANCE BETWEEN MEASURED AND PLANNED DOSE).

• DOSE DIFFERENCE (DETERMINE DOSE DIFFERENCE BETWEEN INDIVIDUAL POINT MEASURED VERSUS PLANNED).

• GAMMA ANALYSIS (COMBINES BOTH A DISTANCE AND DOSE COMPONENT)

• TO DO A REASONABLE ANALYSIS WE NEEDED SYSTEMS THAT COULD COLLECT A LOT OF DATA QUICKLY AND 

PROVIDE THE ANALYSIS FOR MANY DATA POINTS.

• THESE WILL BE DISCUSSED IN MORE DETAIL LATER IN THE SESSION
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PLANAR SYSTEMS

• IBA: MATRIXX

• CAN BE USED FOR:

• PERPENDICULAR COMPOSITE (NOT TG-218 
RECOMMENDED)

• CAN BE USED FOR PERPENDICULAR FIELD-BY-FIELD.

• TOTAL COMPOSITE WITH MINIPHANTOM

• 1029 IONIZATION CHAMBERS

• CHAMBER DIAMETER 4.5mm

• SPACING 7.6mm

• SAMPLING 20ms

• BUILDUP 3.1mm

• FOR HIGH DOSE RATE USE MATRIX FFF (48GY/MIN)

• SUN NUCLEAR: MAPCHECK SYSTEM

• CAN BE USED 

• FOR PERPENDICULAR COMPOSITE (NOT TG-218 
RECOMMENDED)

• CAN BE USED FOR PERPENDICULAR FIELD-BY-FIELD.

• TOTAL COMPOSITE WITH MAPPHAN

• 1,527 DIODE DETECTORS

• DIODE SIZE 0.48mm.

• SPACING 7.07mm

• SAMPLING 50ms

• BUILDUP 1.5cm

• RELATIVE OR ABSOLUTE DOSE DATA

• GAMMA ANALYSIS OR DTA 

ROTATIONAL SYSTEMS

• ARCCHECK

• 1386 DIODES

• DIODE SIZE 0.8mm DETECTOR

• SPACING 1Omm

• BUILDUP 3.3cm

• SAMPLING 50ms

• CENTRAL CAVITY FOR ION CHAMBER OR FILM

• RELATIVE OR ABSOLUTE DOSE DATA

• GAMMA ANALYSIS, DTA, OR GRADIENT 
COMPENSATION
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ROTATIONAL SYSTEMS

• DELTA 4: SCANDI DOS

• ISOCENTRIC DOSE MEASUREMENT

• 1069 P-TYPE DIODES

• SPACING VARIABLE – 5MM INNER, 10MM OUTER

• CENTRAL ION CHAMBER MEASUREMENT

• ABSOLUTE DOSE MODE

• GAMMA ANALYSIS, DTA, DOSE DEVIATION

ROTATIONAL SYSTEMS

• OCTAVIUS

• OCTAGONAL PHANTOM WITH INSERT FOR 
DIODE ARRAY.

• 1405 IONIZATION DETECTORS

• CAN BE CALIBRATED CO60

• CHAMBER DIAMETER 4mm

• SPACING 7mm

• SAMPLING 100ms

• MEASUREMENT PLANE AT ISOCENTER
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MACHINE BASED SYSTEMS

• DOLPHIN

• TRANSMISSION DETECTION SYSTEM

• 1513 IONIZATION  CHAMBERS

• 3.2mm ION CHAMBER DIAMETER

• 5mm RESOLUTION

• VERY FAST SYSTEM ATTACHED TO GANTRY

• CAN BE USED WITH ACTUAL PATIENT DELIVERY

• DOSE NOT INCLUDE COUCH ERRORS

• IS THAT A PLUS OR MINUS.

ANALYSIS
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ANALYSIS

MACHINE BASED SYSTEMS

• LOGFILE/TRAJECTORY FILE PSQA

• A NUMBER OF VENDORS CAPTURE THE FILES AND 

COMPARE BACK TO THE PLANNED FIELDS.

• MOBIUS (VARIAN)

• PERFRACTION (SUN NUCLEAR)

• VERY FAST AND CAN BE DONE FOR EVERY 

TREATMENT.

• NEAL ET EL DETERMINED THERE COULD BE ERRORS 

>1mm THAT ARE NOT DETECTED IN LOGFILE PSQA.

• EPID BASED PSQA:

• VERY FAST AND EFFICIENT METHOD

• ASI HAVE HIGH SPATIAL RESOLUTION (<5mm)

• LARGE FIELD OF DETECTION (40cm)

• RELATIVELY GOOD DOSE LINEARITY (0.4%)

• RELATIVELY GOOD ENERGY LINEARITY

• CAN MEASURE EXIT DOSE ON EVERY PATIENT 

TREATMENT DELIVERY
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PSQA FINDINGS
• SO WHY PSQA?

• ONE UNDERSTANDING OF WHY COMES FROM INDEPENDENT STUDIES DONE:

• MD ANDERSON IROC PHANTOMS

• H&N 90%, LUNG 85%, LUNG (MOTION) 65%: (7%/4mm), H&N 64%: (5%/4mm), SRS 80%: (5%/3mm)

• IROC FINDINGS 

• SYSTEMATIC UNDERDOSING : DISCREPANCY BETWEEN TPS AND DELIVERED DOSE.

• (GLENN ET AL PHYS MED BIO 2018): NO CORRELATION BETWEEN FAILS AND MODULATION COMPLEXITY

• MCKENZIE FOUND LARGEST CONTRIBUTION TO OVERALL ERROR FOR REPRODUCIBILITY IN PSQAWAS: QA SETUP 
VARIABILITY

• WHAT IS THE AVERAGE CLINICS PASSING RATE FOR PSQA?

• AT AAMC APPROXIMATELY 98% PASS RATE 3%/2mm.

• NELMS ET AL: DID NOT FIND CORRELATION BETWEEN GAMMA AND DOSE ERRORS

• KRY ET AL: POOR AGREEMENT BETWEEN IMRT QA AND IROC HOUSTON PHANTOMS

PSQA CONCLUSIONS

• WE HAVE IMPROVED OUR TOOLS FOR PSQA

• WE HAVE IMPROVED AND ARE STANDARDIZED OUR MEASUREMENT CRITERIA

• TG-218

• PSQA CONTINUES TO BE CENTRAL DO TO THE CONTINUOUSLY CHANGING TECHNIQUES 

USED FOR TREATMENT

• VMAT – RAPIDARC

• 4D – MOTION MANAGEMENT

• MACHINE IMPROVEMENTS AND CHANGES (MLC, COUCHES, DOSE RATES, GANTRY/COLLI SPPEDS)

• PSQA CONTINUES TO CHANGE AND WILL CONTINUE ON THIS PATH.
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CONCLUSIONS

• PSQA FOR SMALL FIELDS MAY REQUIRE DIFFERENT CRITERIA FOR ASSESSMENT

• SRS/SRT/SBRT

• MULTIPLE METS TREATMENTS

• ITS NOT JUST A BILLING MATTER – THOUGH IT MAY SEEM THAT WAY.

• IROC RESULTS POINT TOWARDS NEED FOR IMPROVEMENT

• IT DOES NOT MATTER HOW SLOWLY YOU GO AS LONG AS YOU DO NOT STOP. CONFUCIUS

• NOT SURE I AGREE WHEN IT COMES TO PSQA – BUT WE HAVE CERTAINLY DEVELOPED NEW 

TOOLS, TECHNOLOGIES, AND ABILITIES TO MAKE PSQA MORE EFFICIENT AND RELIABLE.

THANK YOU AND I HOPE YOU ENJOY 
THE REST OF THE TALKS AND 
DISCUSSION IN THIS SESSION

THE BEST PREPARATION FOR GOOD WORK TOMORROW IS TO DO GOOD WORK TODAY. 

(ELBERT HUBBARD)
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QUESTIONS

• TRUE OR FALSE: WHEN PERFORMING PATIENT SPECIFIC QUALITY ASSURANCE THE SIZE OF 
THE INDIVIDUAL DETECTORS SHOULD NOT EXCEED THE SIZE OF THE HOMOGENOUS 
REGION OF DOSE TO BE MEASURED TO AVOID VOLUME AVERAGING EFFECTS?

• TRUE

• FALSE

• N. DOGAN 2005; TOOLS FOR IMRT QA; 
HTTPS://WWW.AAPM.ORG/MEETINGS/05AM/PDF/18-2603-13434-480.PDF.

• THE PERCENTAGE OF INSTITUTIONS THAT FAILED THE IMRT IRRADIATION OF THE HEAD 
AND NECK PHANTOM USING A 5%/4MM DTA CRITERIA IS APPROXIMATELY:

• 3%

• 18%

• 36%

• 70%

• REFERENCE: A. MOLINEU, CREDENTIALING RESULTS FROM IMRT IRRADIATIONS OF AN 
ANTHROMORPHIC HEAD AND NECK PHANTOM, MED. PHYS. 40, (2), 022101 (1-8), 2013

• TG-142 RECOMMENDS THE FREQUENCY, METHOD, AND THE TOLERANCE FOR 
CHECKING THE MLC TRANSMISSION TO BE?

• MONTHLY, INTERLEAF TRANSMISSION, ±0.5% BASELINE

• ANNUALLY, INTRA-LEAF TRANSMISSION, ±1% BASELINE

• ANNUALLY, AVERAGE TRANSMISSION, ±1% BASELINE

• ANNUALLY, AVERAGE TRANSMISSION, ±0.5% BASELINE

• REFERENCE: E. KLEIN, TASK GROUP 142 REPORT: QUALITY ASSURANCE OF 
MEDICAL ACCELERATORS, MED. PHYS., 36, (9), 4197-4212, 2009.

• THE LARGEST CONTRIBUTION TO THE OVERALL ERROR IN REPRODUCIBILITY OF 
PATIENT SPECIFIC QUALITY ASSURANCE IS? 

• QA SETUP VARIABILITY

• PLAN MODULATION FACTOR

• BEAM OUTPUT VARIABILITY

• DETECTOR RESPONSE RATE

• REFERENCE: M. MCKENZIE, REPRODUCIBILITY IN PATIENT-SPECIFIC IMRT QA, J. 
APPL. MED. PHYS., 15, (3), 4741-4758,  2015 


