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Recorded by   Frances Crabbe
DUTIES AND RESPONSIBILITIES OF THE AUTHORISED MR RESEARCHERS AT THE CCNi
This document refers to the following site:

Centre for Cognitive Neuroimaging, University of Glasgow
It covers the necessary safety precautions required for the safe use of the following MR Units: 

3T Siemens Trio
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APPENDIX: Duties of Responsible Person, MR Radiographer
1. Introduction:

IN ORDER TO WORK UNSUPERVISED  IN THE MR UNIT AT THE CCNi WITHOUT HAVING TO BE TAKEN THROUGH THE CHECKLIST EVERY TIME YOU ATTEND THE UNIT, YOU MUST READ AND SIGN A COPY OF THESE LOCAL RULES.

IN ADDITION YOU WILL BE REQUIRED TO ATTEND A LECTURE ON MR SAFETY BY FRANCES CRABBE, MR RESPONSIBLE PERSON, AND ALSO UNDERGOE A PERIOD OF PROBATION DURING WHICH YOU WILL BE REGARDED AS AN UNAUTHORISED STAFF MEMBER REQUIRING  SUPERVISION. 
IF ALL THE ABOVE IS SATISFACTORY YOU WILL THEN BE OFFICIALLY AUTHORISED TO WORK UNSUPERVISED IN THE HIGH MAGNETIC FIELD AREA. Though you will then not be required to fill in the safety checklist at each visit you will be responsible, and hence accountable, for ensuring that you fully comply with this checklist and also follow these Local safety rules at all times when you are within the controlled area.
authorisation as an ‘mr researcher’ does not give you the authority either to perform scans or take SUBJECTS or other staff through the safety checklist. These functions can only be performed by an authorised mr scanning staff member.
 EVEN WHEN YOU ARE AUTHORISED, THE AUTHORISED MR SCANNING STAFF WILL ALWAYS HAVE THE RIGHT TO PREVENT YOU ENTERING THE CONTROLLED AREA IF THEY THINK YOU REPRESENT A HAZARD.
Magnetic Resonance Imaging (MRI) and Spectroscopy (MRS) are considered safe in terms of direct biological effects on the body, particularly as ionising radiation is not employed to produce the images.   However the effects on metal in the MR environment can cause terrible injuries and severe burns to volunteers, patients and staff. World-wide at least 19 people have been killed on MR systems, over a hundred have been burned, and there have been at least one hundred high velocity impact injuries to both patients and staff.  To prevent accidents occurring will require constant vigilance on your part coupled with rigorous implementation of the following Local Rules.

Potential hazards:

During MR imaging, patients/subjects are exposed to static magnetic, time-varying gradient and radiofrequency magnetic fields each of which have their associated risks:-

· The exposure to each of these fields
· The “missile” effect causing rapid acceleration of ferromagnetic materials in the vicinity of the magnet due to the high static field
· The risk caused by any electromagnetic interactions with metallic or electrical implants
· The exposure to acoustic noise resulting from the gradient fields being rapidly turned on and off.

Please note that these potential hazards can apply to both subjects and staff.
What this document hopes to achieve
The aim of these Rules and Operating Procedures is to provide advice and guidelines for the safe use of the Magnetic Resonance Equipment with a particular view to ensuring the safety and well being of subjects, staff and all personnel likely to be so involved with the Magnetic Resonance Imaging Unit.  They are also intended to ensure that there is at all times compliance with the responsibilities and requirements of the Health and Safety at Work Act 1974 and the MHRA Safety Guidelines for Magnetic Resonance Equipment in Clinical Use 4th Edition, March 2015.
This document covers the responsibilities of research staff who frequently  use the MR scanner to acquire images.
It is also aimed to accommodate any changes due to the European Union Physical Agents Directive review of occupational exposure of staff to electromagnetic fields (Directive not finalised at the time of writing).
These rules have been constructed by Dr. Barrie Condon, Consultant MR Physicist (retired). The CCNi MR Responsible Person Frances Crabbe, Prof. Lars Muckli and Dr Jozien Goense will form the MR Safety Review Committee, which will meet at least yearly. 

As per the MHRA Guidelines for MR Equipment in Clinical Use (which is also applicable to research facilities such as the CCNi) a‘Responsible Person’ has been identified. They will subsequently take responsibility for the revision and policing of the Local Rules, though in consultation with the MR Safety Review Committee. The “Responsible Person” for the CCNi is Frances Crabbe, Research Radiographer.
2. The Controlled Area
Only MR Authorised Operating Personnel have unrestricted access to the Controlled Area.  Before entering the Controlled Area they must ensure that they themselves are safe to do so (eg they must remove all ferromagnetic materials).
All other persons entering the Controlled Area must:
· Complete and sign a safety checklist;

· Remove all ferromagnetic objects and other materials listed on the safety checklist;

· They must be supervised at all times by an Authorised Person;

· Have a verbal explanation of potential hazards within the Inner Controlled Area.

The Controlled Area in this department is defined as :-

the entire area approached through the security self-locking door, ie the scanning suite itself which includes the magnet room, the acquisition console room. The MR equipment (‘Cabinet’) room is also considered part of the Controlled Area, though this is entered through a single lockable door.  The above requirements apply to this room as well due to the level of fringe field penetration.
Access to the outer controlled areas will be through the security self-locking doors.  The swipe card code of these will be available to Authorised MR staff. Any malfunction of these doors must be reported IMMEDIATELY to the MR Responsible Person.  Under no circumstances must these coded self-locking doors be propped open.

WARNING – NO PERSON WITH A PACEMAKER OR CEREBRAL ANEURYSM CLIP MAY ENTER THE CONTROLLED AREA
For the CCNi  MR Unit the Inner Controlled Areas will be considered to be the entire area within the radiofrequency enclosures of the magnet (ie the magnet room itself) and the equipment/cabinet room.
It is the responsibility of all Authorised Personnel who enter the Inner Controlled Area to notify the Responsible Person of any potential changes to their suitability to work within this area (i.e. surgery, pregnancy, etc).
3.SECURITY LOCKERS

In the subject changing area which is outside the Controlled Area, lockable receptacles are available for valuables and other personal belongings which subjects/staff have been asked to remove.  The lockers are digitally operated by code, with keys for emergency access only.  NB. Keys must not be taken into the MRI scan room.You can use these to store your own ferromagnetic materials if you are to enter the Controlled Area. 

4. SUBJECT REFERRALS

Referrals for Subjects should only be accepted from Principal Investigators sanctioned by the CCNi Steering Committee.  A list of these PIs will be kept in the console room.
You should have an appropriate consent form for the study. Please note that these forms should always state that these scans will not be clinically assessed. However it should be made clear that, should a researcher (medically unqualified) when reviewing the data identify a possible abnormality then this will be passed on to a consultant Neuroradiologist, and thereafter, to the subject’s General Practitioner. For this reason the subject must always supply the GP’s name and address. Contact details of the subject (Name, Address, Email address, Telephone Number and G.P.’s name and address) must be recorded on the MRI Screening list.
Imaging patients as part of a clinical service is not possible at present mainly because issues of VAT and clinical responsibility for referral and reporting have yet to be resolved.  
It is envisaged that single case studies of patients purely for research may be possible, subject to ethics approval and funding being obtained. ‘Well’ patients are unlikely to present a problem, but patients whose health is significantly affected will require medical back-up.  These patient studies should be considered carefully on a case-by-case basis and medical backup obtained if necessary.
5.THE RESPONSIBILITY OF  "AUTHORISED" MR Researchers
The safety responsibilities of Authorised MR Researchers generally entail the following Operational Procedures:

1)
the prevention of ferromagnetic materials entering the controlled area
2)
care with positioning ancilliary equipment in the Inner Controlled Area 

3)
familiarisation with procedures in emergency situations

5.1.1 Operational Procedure 1
The Prevention of Ferromagnetic Materials Entering the Controlled Area

Most of the serious injuries that have occurred have been because of the mistaken belief among staff that an object was MR "friendly".   For example:

· "sandbags" used for traction have been found (retrospectively) not to contain sand but steel shot 

· MRI friendly aluminium drip stands have been taken with the patient to a ward where they have been unthinkingly changed for steel ones by ward staff.   When returned to the MR unit these have become self throwing javelins.

· Standard wheelchairs, stretchers and trolleys can become potentially lethal in the high magnetic field.    Transfers to the MRI friendly trolleys and wheel-chair must take place outside the controlled area.

MR friendly objects are marked with blue and white tape (only the Responsible Person is allowed to mark objects in this way).   Any other objects should be treated with the utmost suspicion and should not be taken into the Inner Controlled Area. Consult the MR Responsible Person if you have new devices or objects which you would like to be tested for ferromagnetism.
Remember also that pins, badges (including ID badges), pens, lighters, scissors, hair clips, paper-clips, screwdrivers, needles are dangerous in the high field.   All have caused accidents in the past.

5.1.2 Positioning of ancilliary equipment

As well as concerns about the ferromagnetic effect, any form of metal can pose a hazard in the high field environment due to the induction of high electrical currents. Over a hundred cases of burns, some so severe that amputation has been necessary, have occurred on MR units.
Never place any piece of equipment in the bore of the magnet without consulting an Authorised MR Scanning Staff member. In particular never place anything in contact with the subject until cleared by the Authorised MR Scanning Staff member.

5.2 EMERGENCY SITUATIONS

You must :

i)
acquaint yourself with the sounds of the various alarm systems

ii)
familiarise yourself with the positions of the various emergency stop buttons and descriptive signs, and make sure 
you understand the differences between them  -  i.e:


a)
Electrical isolation and couch brake release buttons.   No significant financial 


consequence will result if they are activated.   The magnetic field stays on.
b)
Magnetic field isolation (quench) buttons
This is the only way to turn the magnetic field off.   Several thousand pounds (sterling) of cryogens will be lost.   Electrical systems are not shut down.   The couch brake is not released.   Please note that it will take 30seconds for the magnetic field to decrease to zero.

THE DECISION TO QUENCH THE MAGNET IS NOT YOURS TO MAKE. ONLY THE AUTHORISED MR SCANNING STAFF CAN MAKE THIS DECISION AS THE FINANCIAL CONSEQUENCES WILL COST MANY THOUSAND POUNDS.
THE ONLY CIRCUMSTANCE IN WHICH IT WOULD BE ACCEPTABLE FOR YOU TO ACTIVATE THE QUENCH BUTTON IS IF THE AUTHORISED MR STAFF MEMBER IS IN SEVERE DANGER OF BEING CRUSHED AGAINST THE MAGNET BY A FERROMAGNETIC OBJECT AND SO IS UNABLE TO INITIATE A QUENCH THEMSELVES.
The following emergencies will be detailed:

Fire

Flood

Cardiac Arrest

Accidental Quench or Helium leak

Subject or staff member trapped inside or against the magnet by a metal object
Overpressure

5.2.1 FIRE
If the fire alarm for the MR Unit sounds then the whole MR suite should be evacuated until the University Fire Officer says it is safe to re-enter.

If you smell smoke or you hear electrical arcing or you see sparks in the magnet room or in the computer cabinet room then IMMEDIATELY INFORM THE Authorised MR Scanning Staff member. Remove the subject and yourself from the scanning suite and report a fire to the University  switchboard (dial 4444).

5.2.2 FLOOD
If water starts to leak into the magnet room, console room or computer cabinet immediately inform the Authorised MR Staff member then you and the subject should evacuate from the MR unit.  
5.2.3 CARDIAC ARREST
Following an arrest the subject should be immediately removed from the magnet and from the magnet room at which point resuscitation, in the form of keeping airways open and cardiac massage, should begin immediately. 

Medical attention should be sought by dialling 999 from the phone on the back workbench of the MR Control room requesting an ambulance. The University switchboard should then be called (ext 6364 ) to inform them an ambulance has been requested (they can direct emergency personnel to your site if necessary). Resuscitation should then take place outside the magnet room. The most appropriate place for this would be in the MR Control Room.  

Please note that equipment brought by the ambulance team will not be MR compatible and neither they nor their equipment should be allowed into the magnet room under any circumstances. The quickest and easiest way to remove an unconscious subject from the table is by transferring them onto the Wardray Trolley. Whatever the mode of emergency removal the MR Radiographer should arrange practice of this procedure on a regular basis and make sure the necessary equipment is available and functional.

5.2.4 THERE IS A SUPERCONDUCTING  QUENCH / YOU SUSPECT A HELIUM LEAK     

If the magnet quenches then the subject must be quickly removed from the magnet, and they and all staff evacuated from the Controlled Area immediately.   

A quench is obvious, being identified by a loud bang and the production of cold gas which forms into a white fog.   The levels of breathable oxygen in the room may become dangerously depleted. There is also the risk of hypothermia and cold burns.
If the oxygen alarm sounds the MR suite should be evacuated.
In the unlikely event that a slower Helium leak occurs and the oxygen monitor is malfunctioning you should be aware of the symptoms of oxygen deficiency so that you will recognise them.   These are typically:

-
rapid breathing and gasping for breath

-
rapid fatigue

-
nausea

-
vomiting

-
collapse or inability to move

-
unusual behaviour

If you suspect oxygen depletion inform the Authorised MR Scanning Staff member and immediately remove the subject and yourself from the MR unit. 
5.2.5 SUBJECT OR STAFF MEMBER TRAPPED INSIDE OR AGAINST THE MAGNET BY A METAL OBJECT 

DO NOT ATTEMPT TO MOVE THE OBJECT. Tell an Authorised MR Scanning Staff member immediately.

5.2.6 OVERPRESSURE
Concerns have been raised that in the event of a quench in which gas enters the magnet room rather than being exhausted through the quench pipe, that doors which open into the magnet room might be blown shut by the pressure. The overpressure may then prevent the door from being opened, potentially trapping patients and staff inside the room where they may be in danger of asphyxiation due to helium displacing oxygen.

Please note that the CCNi magnet room door opens outward so overpressure should never be a problem. Nevertheless the following describes this problem for your information.

There are no reports of anyone being killed or injured due to this effect. This is probably because:
 i) quenching is unusual (a typical magnet may quench once or never during its lifetime)

ii) given that a quench has occurred it is rare for gases to blow back into the magnet room as it generally requires the quench pipe to have become blocked 

iii) the magnet rooms are usually highly air conditioned so presumably any overpressure would force its way through the air conditioning ducts and out to atmosphere

iv) the magnet room is also not airtight because there are usually one or more waveguides penetrating the cage through which overpressure might equalise

v) most systems have equalising waveguides or emergency extract fans to extract helium to atmosphere, so these too will reduce overpressure.
However in the unlikely event that a quench has occurred and the door can not be opened:

· The ingress of helium into the magnet room will manifest itself as a cloud which will rise to the ceiling. Only within the cloud will oxygen be depleted, so keep your head (and the head of any others present) below this.

If necessary smash the glass view screen using, for example, one of the phantom test objects. Try to make sure nobody is directly on the other side of the glass, as the overpressure may cause the glass to fly outwards into the Console Room
6 AUTHORISATION OF RESEARCH STAFF
Authorisation can only be awarded by joint agreement between the MR Radiographer, Prof. Lars Muckli and Dr Jozien Goense. New staff, however experienced, must receive formalised training and work through a probationary period before authorisation will be considered.  

7  Vertigo

rapid movement of the head close to a high field magnet can cause momentary sensations such as vertigo and a metallic taste in the mouth.
This is thought to be caused by small currents being induced in the semicircular canals of the ears and mouth.  The higher the field and the faster you move your head, the more likely you are to experience these. 

Though these effects are momentary there is a concern that the vertigo may cause a staff member or subject to fall and injure themselves. Staff in particular should not move rapidly in the proximity of any magnet, but particularly the 3T, for example ducking the head down and into the magnet bore to talk to the subject. 
This does not mean that everyone must work in slow motion. It is only necessary to avoid rapid head movements when in close proximity (within a metre) of the bore entrance or within the bore itself.

8. EU Physical Agents Directive
To be completed when more information is available. 
9. safety labelling of MR equipment
The Responsible Person (and only the Responsible Person) after suitable testing to ensure an object does not pose a ferromagnetic missile hazard, will attach one of three labels to equipment. 

 A.MR Safe  - These are ‘items which pose no known hazard in all MR environments’ [image: image3.png]



B.MR Conditional  - These are ‘an item which has been demonstrated to pose a known hazard in a specified MR environment.’ Text which describe the conditions of safe use must accompany this equipment. Users should always consult these conditions of use before contemplating taking the equipment in to the magnet room.                                                                       
[image: image4.png]



C.MR Unsafe  -These are items which pose a hazard in all MR environments and should never be taken inside the scan room. 
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Any other objects should be treated with the utmost suspicion.  Summon the MR Radiographer if in doubt.  Remember also that pins, badges (including ID badges), pens, lighters, scissors, hair clips, paper clips, screwdrivers and needles are dangerous in the high field.  All have caused accidents in the past.
10. SIGNIFICANCE OF RED TAPE MARKINGS ON THE MAGNET ROOM FLOORS

NO EQUIPMENT SHOULD BE TAKEN INTO THE MAGNET ROOM UNTIL CERTIFIED AS SAFE BY THE RESPONSIBLE PERSON. However even when equipment is considered not to pose a major hazard there is still usually a limit to how close it can be to the magnet. The red tape marks the line across which none of the ancilliary equipment such as stimulus induction or recording devices should be moved. Some of this equipment contains some ferromagnetic material and could be a hazard if taken nearer to the magnets than the line marked by the red tape. Some of the equipment is also not guaranteed to work accurately if exposed to the higher field within the red line.

11. Accident and Near Miss Reporting

Any accident or near miss (for example if you took a ferromagnetic object into the Inner Controlled Area, even if it did not result in death or injury)  to subjects or staff within the Magnetic Resonance Imaging Department should be reported (on the MRI ACCIDENT/NEAR MISS REPORTING FORM), and reported to the Responsible Person or MR Designated Person on duty. This will then be reviewed by the CCNi MR Safety Review Committee for consideration of disciplinary action. 
12. VOLUNTEERS
As well as the safety checklist, volunteers will need to complete a consent form agreeing to be a volunteer. The MR Researcher should obtain Ethics Approval for each study and construct an appropriate volunteer consent form and  information sheet. Authorised MR Staff can assist you in the MR related aspects of these forms.
13. PREGNANCY IN SUBJECTS 
No pregnant subjects should be scanned, at any stage of pregnancy.
14. Pregnant  Staff
There is no evidence that electromagnetic fields at the levels staff members could be exposed to by clinical MR systems can cause any detrimental effect to the well being of the embryo or foetus.   Nevertheless the Department of Health say that "it may be considered prudent by the particular organisation to let this be known to each female of reproductive age before entering the Controlled Area and to give her the choice of exposure to the electromagnetic fields or not.   For those women including staff who are known to be in the first three months of pregnancy it would be prudent to exclude them from the Controlled Area unless authorised by and supervised by a registered medical practitioner during the period that she is within the Controlled Area".

The Society of Radiographers has recently recommended that all pregnant staff should be reassigned if they work in an MR unit, though without providing evidence for this.

Please inform the MR Research Radiographer if you are pregnant but do intend to continue working in the MR unit.

Please note that staff at any stage of pregnancy should not be in the magnet room while scans are running, as there are concerns of hearing damage to the foetus due to the noise generated by the gradients.

15. Signature
I have read and understood this document pertaining to MR safety and the responsibilities of MR Authorised Researchers working in MR units, and will comply with these Local Rules:

Name (block capitals)………………………….
Signature  …………………………….
                         Dated  ……………….
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Appendix
Consultant MR Physicist 0141 201 2127
Construction of Local Rules for all levels of staff.
Training and authorisation of new staff (in conjunction with the MR Radiographer).

Available for advice regarding day to day safety issues (e.g. the MR compatibility of implants). If the Consultant MR Physicist is not available then alternative MR Physicist (ext. 0141 201 2137) should be consulted.
'Responsible Person' under DoH Guidelines 
Bears ultimate responsibility for ensuring subjects are suitably safe for scanning.

Annual review of the rules and their implementation.   

On-going review of safety issues in the scientific literature.

Liaison with other groups in the department responsible for safety.

Training and authorisation of new staff.

Testing and marking of equipment for use within the MR Scan Room.

MR Radiographer 

Responsible for the day-to-day implementation of the local rules.

Responsible for ensuring that at least one Authorised staff member is always present during scanning of patients and subjects.

Responsible for safety training and authorisation of all new scanning staff.
Responsible for disciplining staff who do not adhere to the local rules.

Regular inspection of surface coils and monitoring leads for fraying.

Responsible for arranging monthly rehearsals of emergency withdrawal of subjects from the magnet.
Responsible for training staff in the selection and fitting of hearing protection.
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