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1. Introduction:

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 patients and staff. World-wide at least 19 patients 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.  Whilst you are performing MRI investigations (referred to as "scanning" in this document) on patients, volunteers or phantom test objects it will be your responsibility to ensure that such accidents do not occur. This 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, time-varying gradient and radiofrequency magnetic fields each of which have their associated risks. These include:

· The direct effects on the human body of exposure to 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.
These rules have been constructed by the Consultant MR Physicist, Dr. Barrie Condon, (retired)  in consultation with the MR Radiographer, Frances Crabbe (deemed the "Responsible Person" under the MHRA Guide-lines for Magnetic Resonance Diagnostic Equipment in Clinical Use), and are reviewed by the MR Safety Review Committee, composed of Mrs Frances Crabbe, Prof Lars Muckli and Dr Jozien Goense.   Their responsibilities are defined in the Appendix I.

2. The Controlled Area

Only MR Authorised Operators 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 Operator;

· 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 controlled entry, self-locking door into the MRI Control Room, the magnet room, and the equipment/cabinet room.

Access to the outer controlled area will be through self-locking doors.  The cards for these will be revealed only to Authorised MR staff. Any malfunction of these doors must be reported IMMEDIATELY to the MR Radiographer.  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 areas within the radiofrequency enclosures of the magnet (ie the magnet room itself) and the equipment/cabinet room. 

It is the responsibility of all MR 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).

The magnet room will remain open during working hours but must be locked out with these hours.  This will be the responsibility of the Designated Person (for definition see later).

If non-authorised persons are‘regularly gaining access’ to the Controlled Area, then the door code must be changed. (MHRA 4.4.2)
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 lockers to store your own ferromagnetic materials if you are to enter the Controlled Area. 

4.SUBJECT REFERRALS

Referrals should only be accepted from the list of PI’s for the CCNi (a list of which is displayed in the MR Control Room), who must be conversant with the exposure, contraindications and safety implications that will relate to their subject during the MR examination (MHRA 4.1.6).

Referring clinicians must confirm by comprehensive completion of the MR safety information on the request card or electronic request form, that there are no contraindications to MR for their subject before the request will be accepted.

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. RESPONSIBILITIES

levels of staff involved in the scanning of SUBJECTS:





i) Authorised scanning staff





ii) The Designated person





iii) Staff in training

6.THE RESPONSIBILITY OF MR  "AUTHORISED" SCANNING STAFF MEMBERS

The Authorised scanning person's responsibilities are essentially the guardianship of the Controlled Area 

The safety responsibilities of Authorised Scanning Staff generally entail the following Operational Procedures:

1)
the  sifting of subjects and other staff

2)
the supervision of subjects and other staff

3)
the prevention of ferromagnetic materials entering the controlled area 

4)
familiarisation with procedures in emergency situations

Authorised staff must themselves be screened annually for MR safety (ie taken through the questionnaire) and appropriate records should be maintained (MHRA 4.7.4).

6.1.1 The Sifting of subjects and other staff
Subjects must be checked (sifted) to ensure they are safe to scan.   This procedure should take place outside the Controlled Area, in the Interview Room.    
Sifting

You should: 
· Weigh the subject before scanning (MHRA 4.12.4), and record on screening checklist.

· Change them into appropriate clothing (CCNi clothing, without metal threads) (MHRA 4.12.6).

· Get the subject to empty their pockets into the trays provided which are then locked away. 

· Check for hair clips, earrings, watches, safety pins or anything else containing metal.   These objects should be removed and placed in the tray.

· Take the subject through the 'MRI Screening List’ (otherwise known as the ‘Check List’ or ‘Safety Questionnaire’).   If the answer to any of the questions in the ‘Screening List’ section is YES, then you should consult the MR Radiographer, Frances Crabbe (as the ‘MR Responsible Person’).  No subjects with implants should be scanned at the CCNi.
· Please remember that cardiac pacemakers/defibrillators and aneurysm clips are complete contraindications for MR but there are many more implants which are also contraindications.

· All transdermal patches and make-up should be removed before scanning.

You must however refer the matter to the MR Responsible Person (or Designated Person, in their absence) if you can not obtain a clear history regarding implants or operations.

· No matter how many times a subject has been previously taken through the checklist and scanned, they must be taken through the checklist freshly each time. Asking the volunteer if anything has changed since they were last taken through the checklist is not acceptable.   

· If any doubts remain then the subject should not be scanned.
The subject’s appointment 

The subject should have been given a safety checklist prior to their appointment being made. This sole purpose of this is merely to alert them to possible problems so they can phone and check with us before the appointment. It should in no ways be regarded as an accurate source of information.  You must still take them through the full safety checklist. Use your initiative at all times.   Visually check for things like make-up or tattoos (both of which may contain metal particles through which MR induced currents can flow.  Bad burns have resulted).
All subjects must be taken through the full safety checklist by an Authorised MR scanning staff member in the usual way, and only the information from this full safety checklist used to assess whether a subject is safe to scan or not.

Pregnancy

If the subject expresses any dubiety about whether they may be pregnant then UNDER NO CIRCUMSTANCES should they be scanned.  No CCNi MR Authorised staff member should enter the MR scan room during the first trimester of pregnancy. No CCNi MR Authorised staff member who is/may be pregnant should remain in the MR scan room during scanning due to concerns of hearing damage to the fetus.

6.1.2 The Supervision  of  subjects and other staff

Once the subject has entered the controlled area they must be supervised at all times by an Authorised Scanning Staff member.

· Spend time reassuring the subject before scanning, describing exactly what they will experience - e.g. the noise of the gradients.   This time will be repaid by less imaging time being wasted by a refusal.   

· Always provide the subject with earplugs or ear defenders.   

· Exercise caution to ensure that the subject’s fingers/hair etc and equipment cables do not get caught between the couch base and the moveable platter when subject is being put into or taken out of the imager.   You must therefore always keep your eyes on the subject as you load them in and out. Frequently monitor the subject visually through the RF window and via the video camera, particularly if the RF, gradients or static field are being used in the ‘Controlled’ mode

· Ensure the subject is always instructed to inform staff immediately if they experience any warming or discomfort.

· Surface coil leads and cables for ecg and pulse oxymetry should be led out of the magnet as centrally as possible.   

· Do not allow cables to form loops 

· Do not allow the cables to cross one another. 

·  If any cable shows signs of fraying/wear and tear, then it should not be used and the MR Radiographer should be informed immediately. 

· Placement of monitoring leads for the Siemens scanner must comply with the manufacturers safety instructions. 

· Only MR compatible carbon fibre ecg electrodes and cables, and fibre optic pulse oxymeter cables should be used.

· Try to position the subject to avoid ‘flesh loops’ forming as induced currents may have caused some heating of tissue in other MR units. For example, if the thighs are not touching but the knees are, this could form a continuous loop of the subject’s upper legs, knees and pelvis. If the subject is ‘knock-kneed’ in this way, a pad should be placed between the knees to break the circuit. 

· Ensure the subject’s skin does not touch the bore of the magnet.

· 1-2cm thick pads should be used to insulate subject from cables, the bore itself, and between limbs.

· If possible position the sensors for the ecg, pulse oxymetry etc so they are outside the scanning area and away from the RF coils. ECG electrodes should not be spread wider than 10cm. 

· After the examination the subject should be escorted from the scanning suite by an authorised scanning person.

· Subjects with tattoos can be imaged but must be warned to report any discomfort so the scan can be stopped. 

· Concerns have been raised regarding the possibly of putting subjects whose thermoregulatory system is affected by clinical condition or medication if scanning goes beyond uncontrolled mode (see Appendix 2). All subjects should be carefully visually monitored while scanning is underway in the Controlled mode ie if any of the following apply:

i) the SAR value means the RF power has to be taken from the Uncontrolled to the Controlled mode

ii) gradient field changes of greater than 20T/s are to be used

iii) the static field is greater than 2.5T

If the subject shows any sign of distress (eg movement) then the scan should be halted. The subject should be asked if they are experiencing heat or discomfort and if they are then any blankets should be removed, the bore air blower rate increased if possible, and any additional clothing should be removed.  Scanning can then be continued but should be restricted to the Uncontrolled Mode for RF/SAR.

· You should complete the acquisition log book and note on the back of the checklist the total time the subject was in the magnet (MHRA 4.15.1).

6.1.3 The Sifting and Supervision of Unauthorised Persons, for example other members of staff
You, as an authorised scanning staff member, are a guardian of the controlled area and you have the power to stop anyone (including other authorised staff members) from entering it if you suspect they may be unsuitable (e.g. if they may be carrying ferromagnetic objects, have a pace-maker etc).  Don’t hesitate to use this power. Remember that you are also responsible for your own safety in the MR environment. All the points in the check-list apply to you every working day.

Unauthorised persons 

These might include, for example technical support staff, or departmental staff required for the use of the stimulation equipment.   University engineers, workmen or managers, firemen (see section on emergencies at the end) etc also come under this category.   All unauthorised persons should be treated in the same way as subjects i.e. taken through the check list and visually examined. If you are still doubtful you should ask to search them (with the proviso that only males should search males, females search females). If the person refuses then they should not be permitted into the Controlled Area.   All unauthorised personnel must be under the supervision of an authorised person during their time in the scanning suite - e.g. unauthorised staff accompanying authorised staff will be under the authorised person’s supervision.   This allocation of supervision to other unauthorised staff will be the responsibility of the Designated staff member (see later section). 
6.1.4 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 scanning staff that an object was MR "friendly".   For example:

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

· Oxygen cylinders supplied as MR “friendly” had ferromagnetic components fitted by error.

MR friendly objects are marked with green and white MR SAFE labels, (previously blue and white tape) (see section 14).   Any other objects should be treated with the utmost suspicion.   Summon the MR Responsible Person, if in doubt.

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.

Remember that you have the right and obligation to refuse anyone entry to the controlled area on the grounds of safety.

6.2 EMERGENCY SITUATIONS
You must:

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


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 30 seconds for the magnetic field to decrease to zero.

You should also familiarise yourself with the buttons for releasing the couch brake so that the subject can be rapidly removed from the magnet bore in the event of a power failure, and use of the Wardray trolley, the quickest way to remove an unconscious subject from the scan room. 

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

6.2.1 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 hit the electrical isolator button (not the quench button), Remove the subject from the scanning suite and report a fire to the university switchboard (dial 4444).
Guard the entrance to the scanning suite to prevent the emergency services entering the Controlled Area without having gone through the checklist.   Remember that the stray field in the computer cabinet room could interfere with a pacemaker (at least one fireman in Strathclyde has a pacemaker) or cause an aneurysm clip to rotate.   The firemen may if absolutely necessary enter the Controlled Area but must stay outside the Magnet Room (the Inner Controlled Area) until and unless they have also been stripped of all ferromagnetic and electronic equipment and it has been established that they have no contraindications themselves. It should be noted that the high field can deactivate their personal locators.

If the emergency service personnel must enter the magnet room with ferromagnetic equipment  or the fire is in the magnet room itself and too advanced for you to attempt to use the MR compatible fire extinguisher, then you should hit the quench button.   Remember the magnetic field takes 30 seconds to die away once the button has been pressed (this figure varies from system to system).  

N.B.
 A quench can deplete oxygen to dangerously low levels.   The whole MR Unit must be evacuated.   Emergency service personnel must be informed of the oxygen deficiency and not allowed in unless they have their own portable air supplies.

If the fire is out of control or the smoke becomes too thick or you feel your life is in any danger (and assuming that all subjects and staff have long since been evacuated) hit the magnet quench button and leave immediately by the nearest fire exit.

If a quench occurs do not return to the unit until clearance is obtained from the CCNi MR Physicist/Consultant MR Physicist (0141 201 2127 or 0141 201 2137). 

In the event of the MR unit's own fire alarm sounding hit the electrical isolator button (but not the 
Quench button), remove the subject from the magnet and exit with the subject through the nearest fire exit, which is the one to the left of the MR Control Room.  
 The Designated Person should determine the position of the fire by consulting the fire indication board in the entrance hall. Provided there is no immediate danger (e.g. flames, smoke), the 
Designated Person should remain to guard the Controlled Area and liase with the emergency services, in which case the underlined section above applies. 
All entry and exit should be by the fire door to the left of the MR Control Room door, as this is only a couple of meters from the emergency Stop buttons.   Do not attempt to re-enter the building from any other door if the fire alarm is sounding.

6.2.2. FIRE EXTINGUISHING EQUIPMENT
All fire fighting equipment located near to and within the Magnetic Resonance Imaging Department must be constructed of non-ferromagnetic material and clearly marked with green and white MR Safe labels.  Such equipment may be safely used within the Inner Control Area.

If extinguishers are serviced or replaced then they must be checked again by the Responsible Person before being brought back into use to ensure no ferromagnetism has been introduced. For example the pin may have been replaced by one from the more usual ferromagnetic batch.

6.2.3 FIRE BRIGADE ACCESS OUT-OF-HOURS
Laminated Instructions for Firemen are on all access doors into the MRI  unit, to warn firemen of magnetic field, and instructions for quenching the magnet, (if access to the Magnet Scan Room is absolutely necessary).
These instructions include contact numbers for the MR Responsible Person, Frances Crabbe.

6.2.4 FLOOD
If water starts to leak into the magnet room, console room or computer cabinet area hit the electrical isolator button (do not quench the magnet) and evacuate subject and staff.

6.2.5 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.

6.2.6 THERE IS A QUENCH, OR 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.  
Nobody must be allowed to return to the unit without authorisation from an MR Physicist (0141-201-2127 or 0141-201-2137).

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 until the CCNi MR Physicist, (0141-201-2127 or 0141-201-2137) says it is safe to re-enter.

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 remove the patient and all staff from the MR unit and summon the Responsible Person, Frances Crabbe or MR Physicist (0141-201-2127 or 0141-201-2137).

6.2.7 SUBJECT OR STAFF MEMBER TRAPPED INSIDE OR AGAINST THE MAGNET BY A METAL OBJECT 

The attractive force in a piece of metal is produced by field non-uniformity.   This is very important to appreciate as it makes removing ferromagnetic objects from the magnet a potentially dangerous undertaking.   For example, suppose a subject is in the scanner and a drip stand has become stuck length-wise across the outer bore.   If you attempt to pull the stand free a rapidly changing and asymmetric force on the pole could result, causing it to perhaps twist uncontrollably out of your hands, rotate, fly down the bore of the magnet and hit the subject with lethal force.   If the bore is blocked by an object then you should remove the subject through the other end of the bore if possible.   Summon the MR Physicist/ MR Responsible Person / MR Designated Person. ( in order of availability).
In some circumstances a subject may become trapped inside the machine without being crushed or in immediate danger.   If so summon the MR Responsible Person/MR Physicist.   If however the trapped person is in danger or parts of their body are being crushed then you must hit the quench button immediately (it will take up to 30 seconds for the field to disappear). Evacuate the unit immediately in case of helium gas blowback into the magnet room (see the section on ‘Quenches’ above). The subject may need immediate attention if there has been a blow back of gas into the magnet room during the time it took the field to subside. Though helium is not toxic it may displace oxygen and so there is a danger of asphyxia.  Resuscitation may be necessary. Do not allow anyone back in to the MR unit until clearance has been obtained from the MR Physicist.

It should be noted that the magnetic field can be ramped down in a controlled manner without initiating a quench. However this will require the presence of service engineers and so it is likely to take at least several hours to secure their services.
Notices describing what to do in the above emergencies are mounted on the walls in the Control Room

6.2.8 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 subjects and staff inside the room where they may be in danger of asphyxiation due to helium displacing oxygen. The magnet room door in the CCNi opens outwards, so overpressure should not present a problem.

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 typically 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 

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 to equalise the pressure. 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

6.3 YOUR ROLE IN THE HANDLING OF CRYOGENS 

None whatsoever.   Keep well clear during handling operations.

If an engineer is injured or sustains a cold burn summon medical help immediately.

6.4 MAINTENANCE  DAYS
The controlled area should be formally handed over to SIEMENS at the beginning of the maintenance and then handed back to the CCNi at the end of the maintenance period. An Authorised staff member and an authorised representative of SIEMENS must sign the handover form on both occasions (MHRA 5.3.6).

The equipment maintenance and servicing will be covered as described in the service contract between Siemens Medical Solutions and University of Glasgow.  Under no circumstances must any unauthorised attempt be made by department staff to repair the equipment.  A detailed logbook of breakdowns and maintenance will be maintained by the MR Radiographer and staff, minimally containing the following information:-

· All scheduled working hours of the system

· All scheduled services and other scheduled down time

· Time of breakdown call

· Time of SIEMENS engineers arrival

· Time of completed repair

7 AUTHORISATION OF SCANNING STAFF
Authorisation can only be awarded by joint agreement between the members of the MR Safety Review Committee. New staff, however experienced, must receive formalised training and work through a probationary period before authorisation will be considered.  

Other Authorised persons
There will be other categories of authorisation other than scanning staff.   For example a research assistant associated with the unit may be authorised.   If so they will be responsible for any unauthorised staff, such as other research assistants, who they bring with them into the Controlled Area.   The same is true for any authorised MR academics who bring any other staff with them.   However you, the Authorised Scanning Staff member, should take the unauthorised person through the checklist the first time they come to the Controlled area. These signed checklists should be filed with the other checklists of unauthorised staff. If you feel unsure about the staff member because, for example, it has been a long time since they had been to the unit, then you may find it prudent to take them through the checklist again. 

Other authorised staff (e.g. authorized MR researchers) will have to sign documents similar to this though their responsibilities differ.   They will not be allowed to perform scans.   They have less authority than you in terms of entering the Controlled Area.   If they, or any staff accompanying them, give you any cause for suspicion (e.g. you hear keys clinking in their pockets) then you must stop them.    

The same applies to all other authorised scanning staff members, including the Designated person.    If in doubt stop and challenge them.

8. THE  DESIGNATED  PERSON
It is likely that at any one time there will be more than one Authorised scanning member involved in scanning. It is important to ensure that there is no confusion regarding responsibility when this is the case.
The Designated person must assume all the responsibilities detailed in this document for all the  subjects and staff. This will be the MR Radiographer and, in her/his absence the most senior MR Authorised Scanning Person.
A list on the wall of the MR console area identifies the Authorised MR scanning staff. If two authorised staff are working the more senior member on the list must assume the role of Designated person. Where two staff of equal grades are working, the one whose name is highest on the list will be the Designated Person. If only one Authorised staff member is working then they are the Designated person. Should the Designated staff member leave the room (eg for lunch) the Designated person role must be passed overtly to the next available Authorised scanning staff member.

However it should be remembered that it is the responsibility of all authorised scanning staff members that before taking a subject or any unauthorised persons into the controlled area that they ensure they have been checked by an authorised scanning staff member (ie safety checklist has been completed and signed) and that they are free of any ferromagnetic objects before entering the area.

A list of other Authorised staff will be posted on the wall of the console area for your reference.   
You should check this list frequently as they will change with time.

9. STAFF IN TRAINING

The Responsible Person, the MR Radiographer, has an obligation to implement a training programme in accordance with the “Guidelines for Magnetic Resonance Diagnostic Equipment in Clinical Use” and to ensure that all staff receive the level of training appropriate to their grade.  Staff in training are not permitted to take subjects through the checklist or perform scans except under the constant supervision of an Authorised MR Scanning Staff Member.  

10. UNAUTHORISED PERSONS (ie anyone who is not explicitly MR Authorised)

These might include, for example technical support staff, university engineers, workmen or managers, firemen (see section on emergencies at the end), also come under this category.  It will also include staff accompanying the subject who have not got authorisation.  All unauthorised persons should be treated in the same way as subjects– i.e. taken through the checklist, visually examined and, if you feel it necessary, searched.  All unauthorised personnel must be under the supervision of an authorised person during their time in the scanning suite – e.g. unauthorised departmental staff accompanying authorised departmental staff will be under the authorised person’s supervision.  This allocation of supervision to other unauthorised staff will be the responsibility of the Designated staff member. 

11. 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. Several people have experienced this on 3T systems though even then their heads have been very close to or within the bore of the magnet. Effects even as close as arms length from the magnet bore will be minimal.
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 the magnet, 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.

12. EU Physical Agents Directive

To be completed when the Directive is implemented in about 2016. 

13. TEMPERATURE AND HUMIDITY

Subjects may have compromised thermoregulatory systems if they are on medication, or because of any disease.  There is a theoretical concern that the rise in temperature caused by the MR’s RF pulses may therefore result in cardiac strain, though to date there have been no cases of this reported in the literature.  MR rooms are usually well air conditioned to the point of actually being cold, with multiple room air changes per hour, and many have an additional air blower within the magnet bore. There is a variable control of the air blower on the front of the MRI scanner. 

Nevertheless staff should take the following basic measures:

i) Subjects should not be wrapped in too many blankets or warm clothes

ii) If the subject indicates they are hot then clothing/ blankets should be removed.

iii) Air blowers in the subject tube should be kept on and checked that they are working on a daily basis.

v) If at any time you feel the magnet room to be hot or humid you should report this to the Designated Person who should contact Estates to check and remedy any fault in the air conditioning. Consideration should be given to stopping scanning until the temperature and/or humidity can be returned to normal. Siemens recommend the scan room temperature should not exceed 22C.
vi) If you go beyond the uncontrolled mode for the three fields (static field greater than 2.5T, gradient field changes greater than 20T/s and RF in the Controlled mode) perform frequent visual checks on the subject for signs of movement or discomfort.

If the subject shows any sign of distress (eg movement) then the scan should be halted. The subject should be asked if they are experiencing heat or discomfort and if they are then any blankets should be removed, the bore air blower rate increased if possible, and any additional clothing should be removed.  Scanning can then be continued but should be restricted to the Uncontrolled Mode for RF/SAR.

14. Safety labelling of equipment
Safety labelling (as recommended by the MHRA Guidelines) requires all equipment taken into the MR Controlled Area should be labelled with one of three labels:

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 beforecontemplating 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. 


[image: image5.png]



See section MHRA 2.1.2 for examples of the format these signs should take.

The Responsible Person (and only the Responsible Person unless specifically delegated to the MR Advisor) after suitable testing will attach the relevant sign and any supporting text to this equipment. In addition if the tests ensure an object does not pose a ferromagnetic missile hazard, they may stick green and white MR labels to the object. Previously blue and white alternating tape was informally adopted in Scotland for a number of years as depicting MR safe equipment.  Such tape labelled objects can be taken into the magnet rooms but should not be placed on the couch or in the bore of the magnet unless the Responsible Person specifically agrees they can be (there might be a concern that even if they did not contain ferromagnetic material, any metal in the object may high currents induced in it due to the RF).. 

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.

15. SIGNIFICANCE OF RED TAPE MARKINGS ON THE MAGNET ROOM FLOORS

In the CCNi this marks the line across which none of the stimulation related equipment should be taken. 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. Rather than having a line for each piece of equipment (they all have different safe field levels) a single line pertaining to all the equipment is considered more prudent.

(for reference the MHRA says that marking of the 0.5mT and 3mT lines on the floor ‘should be considered’).

16. Radiographers who administer contrast.

Not applicable at CCNi

17. Procedures in the event that the gadolinium contrast agent ‘tissues’

NOT APPLICABLE AT CCNi

18. Serious Equipment Defects

A Maintenance Log will be maintained by the MR Radiographer or MR Staff, documenting any “incidents” or defects, which occurs in relation to the Magnetic Resonance Imaging Equipment.  

Any accidents owing to serious defects in Magnetic Resonance Diagnostic Equipment must be reported to the Department of Health in accordance with the NHS (Scotland) Circular 1991 (GEN) 24, “Reporting of Hazards and Potential Hazards”. Any such defects should be notified to the Responsible Person who will make this report. 
19. Accident and Near Miss Reporting

Any accident or near miss to patients or staff within the Magnetic Resonance Imaging Department must be reported on the MRI ACCIDENT/ NEAR MISS REPORTING FORM, and reported to the MR Responsible Person or MR Designated Person on duty. This will then reviewed by the CCNi MR Safety Review Committee.
20. VOLUNTEERS

All Volunteers must be given an MR Study Information Sheet, and must complete the MR Study Informed Consent and MR Screening Questionnaire prior to being scanned at CCNi. The Informed Consent sheet will be valid for serial imaging under that particular study, but a new MR Screening Questionnaire must be completed for each attendance for MR Scanning.

21. QUALITY ASSURANCE CHECKS 

The MR Radiographer will be responsible for ensuring that daily checks on equipment are carried out in accordance with the manufacturer’s recommendations and documented in a QA file. The QA results should be qualitatively assessed on a daily basis by an Authorised Scanning Staff member.  There will also be daily checks of the Helium level. This will also be documented in the QA file.   
The QA results will be quantitatively analysed by an MR Physicist on a weekly basis, or, in his absence, by the MR Radiographer. 
22. DOMESTIC SERVICES 

Domestic Services staff will require to be medically screened with the safety checklist before being allowed into the magnet room – a small pool of staff will be nominated by the Supervisor.

Domestic Services within the Magnetic Resonance Imaging Department will be carried out in two stages:

· The Examination Room, Computer Room and Control Room will be cleaned by Domestic Services staff under the direct supervision of the Designated Person. This will be carried out at 9am, Monday to Friday. 

· At all times, only non ferrous cleaning materials and aids will be allowed in the Controlled Area (the area entered through the coded self-locking doors)

23. MAGNET DELIVERY AND REMOVAL

No University staff should be in the vicinity of magnets when they are being delivered or removed. At least four instances of magnets exploding under such circumstances have been recorded and injuries to staff have occurred.

Decommissioning (including quenching) of magnets, including field rundown, should be performed by the magnet supplier, or by a qualified third party.

 24. PREGNANCY

NO SUBJECTS WILL BE SCANNED AT CCNi IF THEY ARE (OR THINK THERE IS ANY REASON THEY MAY BE) PREGNANT.
25. Pregnant Scanning 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 regulations regarding ionising radiation exposures do not allow staff such a choice.   In other words the regulations regarding non-ionising radiation, for which no direct action on the embryo has been identified or detected, are more stringent than that for ionising radiation for which a mechanism of interaction has been identified, though at the level of exposure of X-ray imaging staff no significant effects on the embryo have been detected.

NO SCANNING STAFF AT CCNi SHOULD ENTER THE MR SCAN ROOM DURING THE FIRST TRIMESTER OF PREGNANCY.

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

Name (block capitals)………………………….

Signature  …………………………….
                         Dated  ……………….

ONE COPY TO BE RETAINED BY STAFF

01 February 2019 Update
STAFF TO SIGN OFF ACKNOWLEDGEMENT OF RULES ANNUALLY: 

Recorded by   Frances Crabbe

APPENDIX 1
Consultant MR Physicist    0141 201 2127


Construction of local rules for all levels of staff.   

Annual review of the rules and their implementation.   

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 subject implants).   If the Consultant MR Physicist is not available then alternative MR Physicist (ext. 0141 201 2137) should be consulted.
MR Responsible Person (MR Radiographer, Frances Crabbe).

Bears ultimate responsibility for ensuring subjects are suitably safe for scanning.   

If the Authorised Person has any doubts regarding such suitability they must consult the MR Responsible Person before proceeding.   

A list should always be available in the console area which identifies the MR Authorised Persons, and, for any session, the Designated Person. 

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

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.
Liaison with other groups in the University responsible for safety.

Responsible for disciplining university staff who do not adhere to the local rules.

Responsible for arranging rehearsals of emergency withdrawal of subjects from the magnet 

Regular inspection of surface coils and monitoring leads for fraying.

Responsible for training staff in the selection and fitting of hearing protection 

APPENDIX 2: Policy regarding subject monitoring when scanning in controlled mode and issues of medication and pathology effects on patient thermoregulatory response

Both the MHRA and NRPB advocate additional monitoring where any of the following apply:

· The static field strength is above 2.5T

· If the SAR is high enough to require scanning in the Controlled Mode

· If gradient field changes are greater than 20mT/s

· If the subject has a pathology or condition which may diminish their thermoregulatory ability (ie ability to dissipate heat) eg cardiac and circulatory problems, fever , impaired renal function, certain cancers, infants, pregnant women and the elderly

· If the subject is on a medication which may effect thermoregulatory function eg vasodilators and diuretics

The NRPB recommends that monitoring should include blood pressure, heart rate and body temperature (MHRA 2.4.2 and 4.10.5). However in MHRA section 4.13.4 it states:

 ‘The MHRA recommends that MR units develop their own local protocols for the medical supervision and monitoring of subjects to be scanned in the controlled mode. In most cases, visual supervision of a conscious patient by an MR Operator will be sufficient to ensure the safety of the subject.’
The Local Policy will subscribe to the MHRA rather than the NRPB recommendations for these reasons:

· there are no reports of patients suffering harm due to the MR heating effect (in over a quarter of a billion clinical MR scans) to our knowledge at least

· connecting subjects to the physiological monitoring equipment will be time consuming (eg as these are core heating effects presumably the thermometer used should preferably be rectal)  and will significantly reduce subject throughput.
· even if we were to monitor the subject in this way there is guidance from neither the NRPB or MHRA as to what levels of change in already considerably variable physiological parameters would be significant as far as this effect is concerned

Medication:

The MHRA (4.12.5) recommends that the safety checklist should also have questions for the subject regarding medication and conditions referring to regulatory function. Unfortunately the MHRA do not list exactly which medications give such cause for concern. Even if we could ascertain which medications the subjects were taking there is no clear source of information as to whether these affect thermoregulatory function, for example this information does not appear to be provided in the British National Formulary.  For this reason the Local Policy is not to ask subjects what medication they are on, but to make sure subjects are frequently visually monitored during scans if any of the RF, gradient or static field values are above the Uncontrolled level.
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