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Learning  Objectives

1. Review a typical IMRT/IGRT implementation 
process.

2. Have an understanding of IMRT/IGRT program 
development at High Point Regional Hospital.

3. Understand the elements of our IGRT system 
quality assurance program.



HIGH POINT REGIONAL HOSPITAL

 400 Bed Community Hospital

 Radiation Oncology Department
 External Beam Therapy
 340 New External Beam Patients each Year
 Average Daily census: 35 patients
 PET-CT Simulator
 MLC based IMRT & 3D conformal
 Two accelerators: One with KV Imaging capability

 Brachytherapy program includes:
 HDR – Prostate, Partial Breast, Lung, GYN
 LDR – Prostate seed implants

Presenter
Presentation Notes
High Point hospital is a pretty typical community hospital.  I think we have a wide range of treatment techniques and modalities to offer our cancer patients.



Implementation Process

IGRT Committee
 Membership: medical director, physicist, dosimetrist, 

therapist, and administrative director

 Exhaustive literature review
 Body sites that benefit from IGRT
 Process: implantable markers, 2D imaging, CBCT
 Immobilization
 Margin reduction, dose escalation
 Quality assurance of equipment and treatment
 Inter vs Intra fraction motion and repeat imaging

Presenter
Presentation Notes
We have a robust quality assurance apparatus at our facility. It starts with our Continuous Quality Improvement committee headed by our medical director.  When we decided that we would be implementing an IGRT program we created a subcommittee called the IGRT committee.

Our first step was to perform a literature review.  We sought to answer the following questions:
Which body sites will benefit most from IGRT?
What process should we use: implantable markers, 2D imaging, CBCT?
Is their special or increased Immobilization needed?
Is one of our goals margin reduction or dose escalation?
Will we need special quality assurance of equipment and/or treatment delivery?
What about Inter vs Intra fraction motion and repeat imaging?

We gathered about 25 to 30 journal articles that discussed IGRT in relation to these concerns.



Implementation Process

Results of Literature Review
 Major Reality Check
 Prostate and H & N IMRT patients may benefit most

IGRT Billing Requirements

Level of physician supervision

Documentation of daily correction

No portal images

Who implants markers? Who pays for markers?

Presenter
Presentation Notes
Major Reality Check
Our physician colleagues did not understand that this would be a major paradigm shift in treatment deliver and they would be at the center of this new world
The idea that the imaging correction responsibility could be delegated to the therapist after some initial learning curve was always expected.
Our administrative director reported that the billing requirements included their direct active involvement prior to treatment and documentation
There were concerns about disruption of the clinic schedule for consults and follow-up patient appointments

After everyone got over this initial shock and renewed their commitment to this new process we were able to address the issues.

First – It was pretty clear that Prostate and H & N patients would benefit most from the initial introduction of IGRT
Physicians would be paged for image review of each patient each day
We would record the magnitude of the correction each day at the console
We would start with the use of implanted gold markers to assist the IGRT process
Prostate IGRT would be implemented first – Urologist would implant the markers in their office but the hospital would supply the markers



Implementation Process

 Prostate IMRT/IGRT
 2D (AP & LAT) Marker Position Match Preferred
 Superior to bony anatomical matching
 Superior to CBCT because soft tissue delineation is 

relatively poor

 Urologist places gold seeds in office

 Daily patient shift/correction is documented on 
patient specific Excel spreadsheet

Presenter
Presentation Notes
All prostate IMRT patients would receive IGRT 2D imaging
	an AP and LAT image would be matched to an AP and LAT DRR from the planning CT dataset
	the marker positions would be matched on the images since it is superior to matching bony anatomy and 
	soft tissue delineation difficult with a diagnostic quality CT and is relatively poor using a CBCT

	



Implementation  Process

Presenter
Presentation Notes
Over the course of the first nine months this is the action levels and criteria we used



Program Development

Presenter
Presentation Notes
 This is an analysis of the data of those patients’ corrections.  The mean of all initial shifts and re-imaging shifts are depicted here.  The initial shift indicating the inter-fraction motion and the re-imaging shift indicating the intra-fraction motion.  This data is clearly justification of the IGRT program  it also justifies the discontinuation of re-imaging since the intra-fraction motion is less than 4mm in all cases except two.



Implementation Process

H & N IMRT/IGRT
 Immobilization
 Minimize rotational setup error – custom head 

holder
 Use S-frame immobilization to fix head, neck, and 

shoulders
 Imaging (CBCT) Frequency
 O.A. Zeidan et al – review of several different 

imaging protocols
 CBCT every other day
 Use running mean of CBCT shift on non-imaging 

treatment days

Presenter
Presentation Notes
Our literature review indicated rotational setup error was difficult to correct without the ability to adjust with six degrees of freedom.  We instituted the use of a custom head holder in addition to our standard head holder and S-frame immobilization.

Zeidan’s paper reviewed several different imaging protocols for H&N patients.
We decided to CBCT every other day and use the running mean of CBCT shifts on the non-imaging days.



Implementation Process

H & N IMRT/IGRT
 What about changes as treatment progresses?

Physician reviews anatomical changes/surface 
contours relative to Tx Plan CT weekly
 <= 0.5cm – No Action
 0.5cm  > 1.5cm – Dosimetric review at discretion of 

MD
 >= 1.5cm – re-mask, re-scan, & dosimetric review 

of current IMRT plan
 Move forward with current plan or re-plan and implement 

within 3-5 fractions (no break)

Presenter
Presentation Notes
Well what about weight loss and anatomical changes as the treatment progresses?
	Our answer was to verify treatment field SSD’s for the first three treatments average the values and compare the result to the plan SSD.  	Discrepancies of 1cm or greater required resolution of the discrepancy or an adjustment of MUs.

In addition, the physician would review anatomical changes weekly.
	less than 0.5cm no action is required
	0.5 to 1.5 cm a dosimetric review is at the discretion of the physician
	changes greater than 1.5 cm require re-mask, re-scan, and dosimetric review of the current plan
	based on the results of this review we would either move forward with the current plan or re-plan and implement within 3 to 5 fractions



Implementation Process

H & N IMRT/IGRT
What do we align data set to?
 Physician discretion
 Standard initial alignment to C-6 and/or clivus
 Contour C-6 on Tx plan CT

NOW WE ARE READY TO START 
H&N IGRT USING CBCT!

Presenter
Presentation Notes
So what do you align the data set to?
	Of course the physician has complete discretion but our literature review suggested alignment to C6 and/or the clivus was a good starting point since this is a natural pivot point for the head.



Program Development



Program Development

Can we use IGRT on “This Patient”?

IGRT can be a benefit to many patients but…..
 Different body sites need different criterion
 Soft tissue alignment can be difficult – do you 

implant markers?
 How much inter-fraction motion is expected?
 How much intra-fraction motion…gating?



IGRT System Quality Assurance



IGRT System Quality Assurance

Program Elements

 Safety and Functionality QA

 Geometrical Accuracy QA

 Image Quality QA



IGRT System Quality Assurance

 Daily QA Tests

 Verify the functionality of all safety systems
 Door Interlock
 Warning Lights
 Collision Interlocks

 Imaging Isocenter Accuracy

 Couch shift/positioning Accuracy

 Adds about 15mins to daily accelerator QA



IGRT System Quality Assurance

 Monthly QA Tests

 Magnification Accuracy

 Imaging Arm Positioning Integrity

 Imaging Isocenter accuracy versus Gantry Angle



IGRT System Quality Assurance

 Quarterly/Annual QA Tests

 CBCT Image Quality
 HU reproducibility
 Low Contrast Resolution
 HU Uniformity
 In-slice spatial linearity
 Slice thickness accuracy



Thank You for Your Attention!
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Program Development



Implementation Process

 Prostate IMRT/IGRT
How to interpret a patient shift: a vector?
What requires re-imaging?

Presenter
Presentation Notes
If the physicians were unable or unwilling to direct the patient corrections each day then what would be our action level criteria?
What would it be based upon? Maximum translational distance?

It was obvious to the physics staff we should use the vector magnitude as a basis for our action level criteria.
	I found it incredibly difficult to convince the physicians and therapists that this was a valid and accurate parameter to use.  They understood it but it was not something intuitive.
	We argued over the fact that setting a single value for each component was just not a mathematically or clinically reasonable thing to do.  
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