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This workbook has been adapted from the original training document written by Karen Pilling Superintendent Radiographer at Northern Centre for Cancer Care (previously Superintendent at The James Cook University Hospital in Middlesbrough). Updated by Rebecca Kamsika Senior 1 Therapy Radiographer JCUH.
Learning outcomes
· To develop an understanding of IMRT and IGRT
· To understand the differences of treatment delivery between tomotherapy and a linear accelerator
· Student radiographers will have read and understood the relevant tomotherapy procedures/work instructions.

What is Tomotherapy?

The Tomotherapy Hi-Art system is an integrated Image Guided Intensity Modulated Radiotherapy treatment machine. The unit delivers radiotherapy in a helical fashion rather like a CT scanner.

The Machine is able to acquire Mega Voltage CT images prior to treatment delivery which are used to assess and correct patient set up.
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The main aspects of this machine are:

The Gantry
The gantry is mounted like a CT scanner on a slip ring gantry. This allows for continuous 360 degree rotation and treatment delivery in a helical fashion. It also has an 85cm diameter bore to allow for the immobilisation equipment to pass through without colliding with the sides of the bore.

The CT Detector and linear accelerator
The unit uses MVCT images which are generated using a lower energy beam of around 3Mv and a much lower dose rate than for treatment (tomotherapy uses 6Mv for treatment). The images are detected by a detector array mounted within the gantry.
The images are of sufficient quality for image matching purposes but are not as sharply defined as diagnostic CT images. The main advantage is that it can be utilised for patients with metal prosthesis for example metal hips, as it does not produce artefacts in the same way that a KVCT image would. Each scan on tomotherapy delivers a dose of between 1-3 cGY. This is dependant on the length of the volume and the slice thickness selected (2, 4 or 6mm).  The maximum number of slices that can be scanned is 300.

The linear accelerator is mounted on the ring gantry opposite the detector array and is a 6MV accelerator. 

The MLC’s

The MLC’s consist of a set of 64 binary MLC’s producing a fan beam. The leaves are always fully open or fully closed and can open and close within 20ms. The treatment is delivered by a choice of field widths. 1cm, 2.5cm or 5cm and that is determined at the planning stage.

The couch
The couch top is made from carbon fibre so there are no inhibits to 360 degree helical treatment.

The couch moves in a “cobra” motion. This means that as you raise the couch it also moves longitudinally. There are indexing locators built in for immobilisation device indexing. The couch automatically moves through the bore during scanning and treatment delivery.

Lasers
There are 2 sets of in room lasers. The green lasers represent the “virtual” isocentre of the treatment machine. They are 70cm from the machine isocentre within the bore and these are fixed. The red lasers are used for patient positioning with the reference tattoos/ marks and they are moveable. The laser position will change after registration of the scan, and the couch will be moved to the new position. The tattoos/marks will then still align with the red lasers. If they don’t, this indicates that the patient has moved during this process. 
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The operator station
This is the computer controlled console outside of the room. The scans, registrations and treatments are performed by the radiographers from here.

The status console
This is the console that contains the mode switch for imaging and treatment functions and the beam on/off buttons and emergency stop.
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Please ensure that you have seen the daily QA for tomotherapy

I certify that the student has observed the QA during this placement on tomotherapy

Name of supervising radiographer............................................................Date.....................

Activity- Using the table below please note the differences in daily QA between tomotherapy and a linear accelerator

	Tomotherapy
	Linear Accelerator

	
	

	
	

	
	

	
	

	
	


How to scan and treat a patient

MVCT scans should be performed daily prior to a patients treatment to ensure set up accuracy

· Select the scan tab

· Click on the select patient icon

· Double click on the patient required

· Double click on the disease

· Single click on the plan (checking it thoroughly) and OK. The plan must be approved in order to scan and treat.

· Select the correct slice thickness for the technique in question. Fine, normal or course.

· To select the scan length, place the cursor at the sup part of the volume that you wish to scan. Lt Click and drag to the bottom of the required volume. Scroll through the volume to ensure all areas of interest are covered. Hover the cursor over the slice volume and it will show how many slices you are going to scan.

· Click accept slices when happy.

· Click prepare scan

Examples of scan slice selections

Larynx
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Base of skull meningioma
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Nasal cavity
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Prostate
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Breast
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Positioning the patient

In the room, position the patient on the couch and press set up on the PCP. This will take the couch close to the planned values.

Align the red positioning lasers with the patient tattoos/marks using the manual couch controls, ensuring that the lateral couch position remains at Zero. (Or very close to (i.e. move the patient to fit the lat laser not the other way round. There is limited movement in the lateral couch direction and a maximum move of ~ 2cm can be applied)

Once the patient is positioned with the red lasers record the current couch position in the database and press Ref Pos on the PCP and reset origin to zero the position of the lasers.

· Press Main, ready, yes to send the patient into the planned position within the bore. Visually check this position looks OK

· Set the interlocks

· Turn key to image and press start when the ready light illuminates.

The image will appear in the top right hand corner after a few seconds.

After the scan the couch will return to its original start position outside the bore and the red lasers should still be on the tattoos.

· Follow the instructions on the “what’s next box”

· Quickly check the patient position using the checker function. Check transverse, coronal and sagittal views.

If the scan terminates before the procedure is complete, the procedure will need to be restarted from scratch
Performing an Automatic registration.

· Select the type of anatomy you want to register from the drop down list. 

· Bone, Bone and Tissue or full image technique which will include air.

· Select the correct resolution for the matching process.

· Select the translational and rotational errors required for correction.

The first check must be for all 6 degrees of freedom (pitch, roll and yaw) to ensure there is no gross error. 

· Click start to perform an automatic registration and note down the results on the patient database.

· The match can be fine tuned using the manual adjustment tools. Fine = 1mm, Coarse = 10mm. 

· Check each image using the balance and checker functions and scroll through to the top and bottom of the volume.

· You can check the laser position, dose/isodose lines by clicking on the boxes and the isodose levels contrast can be adjusted to aid viewing.
Tomotherapy can only correct for translations and roll so pitch and yaw must be removed. Roll is corrected for by the automatic adjustment in the start position angle.

· Reregister the image using translations and roll and check through each image as previously.

· When the match is acceptable, click the accept icon near the top right hand side of the screen.

· Follow the instructions in the “what’s next box” 
Tomotherapy outside couch moves
· Scan the patient in the usual way logging the couch start position in Mosaiq.

· Register , log moves in Mosaiq and accept

· Click in the treatment tab and select the treatment session

· The patient adjustment box is displayed as usual. Check the lat, long and vert moves against those logged in Mosaiq. And click apply

· The new couch control box is displayed on the Tomotherapy screen

· The top row is the current couch position

· The middle row is your final expected couch position after applying the moves

· The bottom row is your registration offsets

· Check the current couch position +/- offsets = the final couch position

· Log the final couch position in Mosaiq

· Check the laser position on the cameras

· On the couch control box, click Set up and then Yes to send the couch moves through.

· Check the lasers are still on the reference marks

· Click Ready and then Yes to send the patient into the bore for treatment

Procedure following an interruption during treatment.

If the beam interrupts during treatment follow the instructions in the “what’s next” box

A system interruption message will appear on the screen

Click on “Details” and check the severity code

A “Recoverable” error means you can continue.

NB Logging out and logging into the system should be regarded as a “recoverable error”. Following this situation, continue from 2.7a xii 
Click OK and enter password

Follow the instructions in the ‘what’s next box’
Note down the mu delivered, time elapsed and time remaining in the top RT of the screen. Note the long position and add password again

A completion procedure box will appear with the remaining time to be delivered

Compare this to the remaining time you have noted down at the termination point

The difference should be between 8 and 15seconds more. This accounts for the ramp up time

It should not exceed 15 seconds. If it does, DO NOT TREAT and the error should be reported to Physics and Tomotherapy to investigate

· If everything within these limits, click prepare treatment and enter password.

In the room

· Press Main on the PCP

· Press set up.

The couch will retract to the registered position after the scan. Therefore the lasers should still be aligned with the tattoos. Check these and that the patient hasn’t moved.

· Press ref pos and reset origin.

· Press main, ready, yes.

The couch should go to within a few cm of the point that it terminated. This is due to the ramp up time again.

· Reset the interlocks

· Turn key to treat, press start button after ready light illuminates.

· Unload patient from the couch when complete.


Activity- Complete a case report on a chosen patient from your placement.

Case Report: Body

Category
_____________________________
Date
_____________

Histological diagnosis

___________________________________

Stage and grade of disease
___________________________________

Treatment site


___________________________________

Presenting signs and symptoms:

Investigations performed (state whether used for diagnostic, staging, planning or monitoring purposes):

Adjuvant therapy (briefly explain purpose of therapy):

Patient position and method of immobilisation:

 PTV (give indication of screen shot):

Prescribed dose, fractionation, overall time and beam energy:

Organs at risk:

Verification procedures undertaken and outcomes:

Issues relevant to the holistic management of this individual patient, including expected side effects:

Brief evaluation of your involvement in the treatment and care of this patient:

Signature of Radiographer ________________________
Date _________
Tomotherapy student competency (FINAL YEAR STUDENTS ONLY)
Name._____________________________ 

A minimum of 10 registrations to be observed

A minimum of 5 registrations to be performed under supervision 

The comments should be the student’s comments about the scan.
	Procedure observed (body site)
	Date and assessor signature

	1
Comments:


	

	2
Comments;


	

	3
Comments;


	

	4
Comments;


	

	5
Comments;


	

	6
Comments


	

	7
Comments;


	

	8
Comments;


	

	9
Comments;


	

	10
Comments;


	

	Procedure performed under supervision
	

	1
Comments;


	

	2
Comments;


	

	3
Comments;


	

	4
Comments;


	

	5
Comments;


	


Recommended reading;

Rao, M. Yang, W. Chen, F. Sheng, K. Ye, J. Mehta, V. Shepard, D, Cao D. 2010. Comparison of Elekta VMAT with helical tomotherapy and fixed field IMRT: plan quality, delivery efficiency and accuracy. Medical Physics.
Dean, J. 2010 Training needs of radiographers for implementing Tomotherapy in NHS practice. Journal of Radiotherapy in Practice 9(03):175 - 183. 

June Dean Cambridge University Hospitals NHS Foundation Trust 
Remove suggestion 

Donna S. Routsis 

Remove suggestion 

Activity- Critically discuss the differences between treatment delivery on a linear accelerator and tomotherapy (mechanical and practically)?









































Activity- Discuss the emergency procedures and safety mechanisms on tomotherapy? (Feel free to add evidence such as diagrams and photos)





























































































































Activity- List the patient types that you have seen on tomotherapy and why tomotherapy was chosen for their treatment?























































































































Activity- Please attend your department MDT for Tomotherapy and write a reflection about the experience.









