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Abstract
Objectives The purpose of this study was to develop a procedure to investigate the occurrence, character and causes of magnetic
resonance (MR) imaging incidents.
Methods A semi-structured questionnaire was developed containing details such as safety zones, examination complexity, staff
MR knowledge, staff categories, and implementation of EU directive 2013/35. We focused on formally reported incidents that
had occurred during 2014–2019, and unreported incidents during one year. Thirteen clinical MR units were visited, and the
managing radiographer was interviewed. Open questions were analysed using conventionally adopted content analysis.
Results Thirty-seven written reports for 5 years and an additional 12 oral reports for 1 year were analysed. Only 38% of the
incidents were reported formally. Some of these incidents were catastrophic. Negative correlations were observed between the
number of annual incidents (per scanner) and staff MR knowledge (Spearman’s rho − 0.41, p < 0.05) as well as the number of
MR physicists per scanner (− 0.48, p < 0.05). It was notable that only half of the sites had implemented the EU directive. Quotes
like ‘Burns are to be expected in MR’ and not even knowing the name of the incident reporting system suggested an inadequate
safety culture. Finally, there was a desire among staff for MR safety education.
Conclusions MR-related incidents were greatly underreported, and some incidents could have had catastrophic outcomes. There
is a great desire among radiographers to enhance the safety culture, but to achieve this, much more accessible education is
required, as well as focused involvement of the management of the operations.
Key Points
• Only one in three magnetic resonance–related incidents were reported.
• Several magnetic resonance incidents could have led to catastrophic consequences.
• Much increased knowledge about magnetic resonance safety is needed by radiologists and radiographers.
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B0 Static magnetic field
B1 Time-varying electromagnetic fields
B1 + rms Radio frequency transmission field
FDA US Food and Drug Administration
MAUDE Manufacturer and user facility device experience
MR Magnetic resonance
PNS Peripheral nerve stimulation
RF Radio frequency
SED Specific energy dose
T Tesla
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Introduction

Patient safety is an important aspect of health care, and the risk of
injury in health care is much greater than the risk of being injured
during a commercial flight [1]. Systematic preventive work is
required and everyone in Swedish health care is required by
regulations to carry out this type of work [2]. Great resources
are spent on identifying and preventing infections, which is good
and affects everyone in the health care sector [3]. But there are
areas that have not yet been mapped, such as the security of
magnetic resonance (MR) imaging. There are reports of acci-
dents involving serious injuries and even death [4].

MR is associated with two different major risks, static and
time-variant fields. Firstly, since the static magnetic field (or
B0) is always on, there is always a risk that if objects contain-
ing ferromagnetic metals come close to the magnet, they will

turn into projectiles that are pulled into the magnet; see Fig.
1a, b for two such recent examples. Secondly, MR is per-
formed using two types of time-varying spatially oriented
electromagnetic fields, the radio frequency (RF) field (or B1
field; specifically, the RF transmission field; B1 + rms) and
the gradient field. A primary risk associated with the static
magnetic field is presented by objects that are ferromagnetic
and can act as dangerous projectiles, or with a torque of fer-
romagnetic implants in human subjects. The primary risk of
RF is associated with electrically conductive objects
(magnetic or non-magnetic, or electrically conductive,
including carbon fibres, electrolytes and even healthy
tissues) where burns can occur. Skin-to-skin contact on the
patient can also lead to severe burns, as shown in Fig. 1c.
General discomfort caused by the application of RF power
including heat sensations and a general temperature rise in

Fig. 1 Examples of MR
accidents. In the top left corner
(a), a trolley is stuck on the
magnet. In the top right corner
(b), a patient monitor is stuck on
the magnet. In the lower left
corner (c), a patient suffered a
blister in the groin. In the lower
right corner (d), safety zone II is
missing (the red lines represent
the three doors to the unit)
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the patient can also occur, and this is something that can be
particularly disturbing in certain patient groups, including ge-
riatric or diabetic patients. Finally, there are risks associated
with the time-varying magnetic field gradients which may
induce electrical currents in the body, which can damage im-
plants containing electronics and cause discomfort in the form
of peripheral nerve stimulation (PNS). These varying magnet-
ic fields also cause a very high acoustic noise level that is
associated with anMR examination, and this can lead to hear-
ing loss, tinnitus and discomfort [5]. There are also other risks
that appear in the context of MR examinations, such as injec-
tion of contrast agents (containing gadolinium ions) [6], but
the pharmacological aspects will not be addressed here.

To minimise the risks to patients, there are international
guidelines on risk management, in which the magnetic field
is limited to 8 tesla (T) for clinical systems, the amount of RF
power is limited to e.g. 4 W/kg (whole body weight), and the
varying magnetic field gradients (e.g. slew rate and amplitude)
are limited to reduce potential harmful effects or discomfort
[7]. Additionally, there is also a set of European Union direc-
tives subsequently implemented in national laws, which reg-
ulate the working environment for employees who work in
MR environments [8]. Implants will increase the risk for
harmful consequences, and appropriate testing of implants
should (ideally) be performed by all manufacturers of medical
devices. Such documentation must be available to MR staff
prior to an examination. However, such testing is neither uni-
versally compulsory nor fully standardised (and sometimes
not even understood), even though clear guidelines are avail-
able [9]. Based on such MR tests of implants, certain param-
eters in the MR scanner can be limited (as advised by the
provided MR conditions) to reduce the risk of patient injury.
An important aspect is the safety rules that are imposed at the
planning stage in the MR unit. The recommendations on floor
planning include implementing four zones, ranging from zone
I, where the public has free access, to the restricted (zone II)
and locked zones III and IV, the latter being the roomwith the
MR magnet [10]. Figure 1D shows a floor plan for an actual
MR unit where zone II is missing; MR safety was not
prioritised at the stage of planning this unit.

Yet another aspect is the staff’s depth of knowledge about
MR safety. Westbrook and Talbot measured radiographers’
knowledge about MR, and they found that MR safety knowl-
edge in particular was very low [11]. Hudson et al also pointed
out that the low level of MR safety knowledge of
radiographers could cause incidents [12].

Checklists can be used to cover a range of MRI safety
aspects (see Fig. 2 for an overview of the most important
aspects, which is based on a contribution to the Society for
MR Radiographers & Technologists (SMRT)) [13]. Briefly,
there are three steps at the scanner: before, during, and after
scanning. All patients need to (i) be screened before the scan-
ning using a written screening form, (ii) be prepared for an

examination by changing clothing (flame resistant) and (iii)
adapt to the scanning protocol according to the specific con-
ditions of the patient and any potential implants. During the
examination, hearing protection is needed, cables or extremi-
ties must not form conductive loops, the patient should also
not touch the bore of the magnet and communication should
be established. Beyond these basic steps, the operation also
requires a mandatory and well-developed safety structure at
the organisational level, such as developed routines for a low
threshold incident reporting system and continuous education
of staff in new advances in MR safety as well as clear respon-
sibilities between staff categories [13, 14]. The Swedish
Patient Safety Act (SFS 2010:659) dictates that all incidents
must be reported to the appropriate authorities and an investi-
gation should be made to help avoid such events in the future.
An incident could be an event where someone is injured, but
also when a situation arises that could potentially lead to an
injury to staff, a patient, or a family member, or damage to
equipment [2]. Incidents appear to be greatly underreported
[15]. In Denmark, a national incident database of MR acci-
dents and incidents exists, but a recent study reported a serious
level of missing reports also in that database [16].

In order to increase the safety of MR examinations, and to
reduce the incidence of future accidents, we clearly must learn
about what kinds of MR-related incidents occur in clinical
routines, and the possible reasons why they occur. The pur-
pose of this study was (i) to develop a site-focused qualitative
and quantitative model for investigating the rate and severity
of MR-related incidents and its circumstances, and (ii) to in-
vestigate the nature of MR incidents that occurred during a 5-
year period. The target group being studied was all health care
facilities that have MR scanners in the Swedish South East
Health Care Region.

Materials and methods

A semi-structured questionnaire, partly based on questions
from a previous national survey [17], was developed (see
supplement). It included questions about background condi-
tions such as the site floor zones of the MR unit, the level of
complexity of MR examinations, which categories of staff
worked at the MR unit, the responsibilities of each profession,
how incidents were handled, how the implementation of EU
directive 2013/35 (Swedish law AFS 2016:3) was dealt with,
the level and extent of MR training, fundamental MR safety
knowledge among staff and the level of collaboration with
other units onMR safety.We also acquired a list of document-
ed incident reports from the previous 5 years (June 2014–June
2019) at the site, and an oral description of additional undoc-
umented incidents during the last year (June 2018–May
2019). In addition, we enquired about the staff’s thoughts on
how to improve the MR safety level at the site. The questions
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are described in more detail in the supplement. The documen-
tation of the survey was later reviewed, analysed and classi-
fied by an expert panel (J.K., A.H., B.H.).

All MR units in the Swedish South East Health Care
Region (with a total population of 1.1 million inhabitants),
both public and commercial, were contacted to request partic-
ipation. The region has mainly public hospitals, but also a few
commercial health care enterprises with MR scanners. There
were five local hospitals, three regional hospitals, one univer-
sity hospital and two commercial MR units in the study. There
are a total of 20 MR scanners, which were clustered into 13
separate sites. The responsible radiographers (respondents) at
each MR site were interviewed, and the questionnaire was
provided 4 weeks before the site visit. As no patient-
sensitive information was collected, approval by the national
ethics committee was not required. Nevertheless, written in-
formation on the study and assurance that participation was
voluntary and confidential were given in advance to staff at
each site.

Our evaluation of the floor zones was based on recommen-
dations [18] and scored by the number of safety zones in each
MR unit. ‘Complexity of MR examinations’ was assessed by
how many different types of examinations were performed in
the unit, with scores ranging from 1 to 8. ‘Level ofMR knowl-
edge’ was judged by requesting the responsible radiographer
on the site to report the fraction of staff who would be able to
adjust five relevant safety parameters at the MR scanner con-
sole [7, 14]; the numbers were then reduced to the mean of the
five parameters.

Notes from the interview were filed the same day. Open
questions were analysed by conventional content analysis
[19]. An incident was defined as an event that caused, or that
could have caused, injury or damage [2]. Both reported inci-
dents, and undocumented events, were classified into degree
of severity (with respect to both worst-case possible scenario
and actual outcome) as well as risk for repetition.

Severity was subdivided into four levels: (1) minor—
discomfort or insignificant injury, (2) moderate—short-term
disability, (3) significant—persistent moderate disability and
(4) catastrophic—death or major disability. The risk of recur-
rence was graded as follows: (1) very small—could occur
once a year or less, (2) small—could occur each month, (3)
large—could occur each week and (4) very large—could oc-
cur daily [20]. The grading was done by three experienced
MR radiographers (J.K., A.H., B.H.), who discussed until
consensus was reached. The radiographers were blinded to
the studied institutes, and each had more than 10 years of
experience of MR safety.

The incidents were also categorised into (1) thermal, (2)
mechanical, (3) projectile, (4) peripheral nerve stimulation
and (5) miscellaneous. This categorisation was adopted from
a study by Delfino et al [15]. The ‘actual reporting rate’ (R)
was calculated in the following manner:

R ¼ nWR= nWR þ nDIð Þ; 0≤R < 1½ �;
where nWR is the ‘number of in writing documented incident
reports’ and nDI is the ‘undocumented orally described inci-
dent reports’.

Fig. 2 Checklist for MR safety. A
checklist lightly based on The
Society for MR Radiographers &
Technologists’ safety poster [13]
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The parameters from the questionnaire were at nominal or
ordinal levels, and nonparametric tests (Mann-Whitney U
Test, chi2 and Spearman correlation) were performed. SPSS
(IBM Inc) was used for the statistical treatment, and the sig-
nificance level was set at p < 0.05.

Results

Site-focused model

All approached respondents chose to participate, i.e. 13 sites
with a total of 20 scanners with a field strength of 0.2–3 T.
Thirty-eight documented incidents occurred between
June 2014 and May 2019, and 24 incidents reported orally
but undocumented in writing occurred between June 2018
and May 2019, at the 13 sites. Two respondents, with three
scanners, were unable to even search for MR-related incidents
5 years back in their incident report system, as their incident
reporting system did not allow searches for MR-related inci-
dents. The respondents at another two sites did not know the
name of their local incident reporting system. However, all
respondents knew how to fill in an incident report at their site,
and it was claimed that all the personnel did as well. Four
respondents claimed that not a single MR incident had oc-
curred during the last 5 years, at their site.

Incidents and background factors

Table 1 shows an overview of the sites and the number of
incidents, number of scanners, examinations per year, staffing
at the scanner, self-estimated MR knowledge, whether anaes-
thesia or external cleaners are used, how complex the exami-
nations are, howmanyMR physicists affiliated and number of
floor safety zones.

The total number of incident reports documented in writing
during a period of 5 years at 11 sites with 17 scanners (two
sites with three scanners could not search for incidents) was
37, which corresponds to 7.4 reports per year, 0.4 reports/
scanner/year. In addition, these sites also reported orally 12
additional incidents during the previous year. Consequently,
the average proportion of written reports compared to all in-
cidents that occurred corresponded to an actual reporting rate
of 38%. Moreover, the number of incidents per year and scan-
ner was 1.1, and of these, only 0.4 was documented in writing.
Interestingly, the sites which used their own dedicated
cleaning staff to clean the scanner room had more incidents
than those using supervised external cleaners (median 1.3 and
1.0, respectively, p < 0.05, using Mann-Whitney U test).
There was a difference between the number of incidents that
involved external staff members (e.g. anaesthesia teams, n =
14) and those that did not (n = 48) (p < 0.05, one-sample chi2).

Figure 3 shows the data in more detail, specifically the
correlations between different factors associated with inci-
dents. There was a significant (p < 0.05) correlation between
(i) incidents per scanner and year and number of staff (MR
operators, or MR patient–handling staff) per scanner
(Spearman’s rho 0.69), (ii) incidents per scanner and number
of MR physicists per scanner (− 0.48) and (iii) level of MR
knowledge and examination complexity (0.38), as well as
with (iv) the level of MR knowledge and the number of MR
physicists per scanner (0.78). Additionally, there was also a
correlation between level of MR knowledge (− 0.41) and the
number of examinations per year (0.52).

In Table 2, the 62 incidents are categorised into thermal,
mechanical, projectile, PNS and miscellaneous events. The
major categories (projectile and miscellaneous events) are re-
spectively divided into subcategories in Tables 3 and 4. At one
site, one radiographer stated that ‘Burns can be expected in
MR’, suggesting that such injuries do not require any formal
incident reports. Another interesting fact was that almost half
of the responders were unaware of the EU directive 2013/35
(which has been turned into the occupational health law
AFS2016:3 in Sweden); see Fig. 4.

There were a total of 88 radiographers specialising in MR
at the 13 sites, and 66% of them worked 50% of the time, or
more with MR; see Fig. 5. Correlations between the ‘Fraction
of work at MR’ and ‘Number of reported incidents’, as well as
‘MR knowledge’, were observed (Spearman’s rho 0.64 and
0.67, respectively). MR education was provided differently at
the different sites, although informal education by peer-to-
peer education at the site was common. Sixty-eight percent
of the radiographers had attended university-level courses in
MR, but some had instead attended vendor-provided courses
on MR. Three of the radiographers had an academic master’s
qualification, or above.

All responders reported that the radiologists at the site
had the responsibility for risk-benefit analysis when deciding
if patients with MR-conditional, or unsafe implants, would
be examined or not. However, conventional content analysis
showed that just one out of 13 responders (c. 92%) was
confident that the radiologists had adequate knowledge of
MR safety and the risks involved in operating a scanner.
Spontaneous comments by radiographers such as ‘Seldom
enough knowledge’, ‘Not always enough knowledge’ or
‘They don’t always know what they are signing’ were com-
mon. We chose not to follow up these comments with radi-
ologists on each site, as that was beyond the aim of this
study.

In seven MR sites (54%), the MR-specialised radiogra-
pher searched medical records for the presence of implants,
and if unknown implants were found in this manner, an MR
physicist was consulted, and a radiologist would then con-
duct a risk-benefit analysis. At the remaining sites (46%),
the radiologist would search in the medical records, find MR
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Fig. 3 Correlation graphs of some background factors for the incidents
and MR safety knowledge of radiographers. Correlation between annual
incidents per scanner with staff working with the scanner and staffing of

physicists in the top row. In the bottom row, correlation between estimate
of radiographer’s MR knowledge and examination complexity and
staffing of MR physicists

Table 2 All incidents in
categories Category Number Fraction

(%)
Consequence
severity
median

Potential
severity
median

Probability of
recurrence
median

Risk
assessment
median

Peripheral
nerve
stimulationa

1 1.6 2.0 2.0 1.0 2.0

Mechanicalb 3 4.8 2.0 2.5 1.0 2.5

Thermalc 4 6.5 1.0 3.0 2.0 6.0

Projectiled 27 43.5 1.0 3.0 1.0 3.0

Miscellaneouse 27 43.5 1.0 3.0 1.0 3.0

Total/median 62 100 1.0 3.0 1.0 3.0

Written reported incidents (1 June 2014 to 1 June 2019) and additional orally reported incidents (1 June 2018 to 1
June 2019) categorised and graded for actual consequence severity, potential severity, probability of recurrence
and risk assessment. Examples of each category are given as footnotes. The severity grades were (1) minor—
discomfort or insignificant injury, (2) moderate—transient disability, (3) significant—persistent moderate disabil-
ity and (4) catastrophic—death or major disability. The probability of recurrence was graded as (1) very small—
could happen once/year or less, (2) small—could occur every month, (3) large—could occur every week and (4)
very large—could occur daily. Risk assessment was defined as the product of potential severity and probability of
recurrence
a One case with unclear pain during imaging
bOne case of a finger squeezed between the patient table and patient trolley, one obese patient was stuck in the
tunnel and one anaesthesia patient had redness after coil pressure
c Three cases of redness due to a tattoo, being too close to the coil andwearing synthetic fabric. One case of blisters
in the groin due to bilateral hip and knee prostheses
d Three cases of large/heavy metal objects, 15 cases of small, blunt metal objects and nine cases of sharp metal
objects; for details, see Table 3
e Six cases regarding pacemakers or cochlea implants, ten cases regarding other implants, four cases regarding
external devices and five cases regarding scanner malfunction; for details, see Table 4
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conditions for the implant and conduct the risk-benefit
analysis, very rarely consulting an MR physicist. Nine of
the sites had MR physicists regularly involved in un-
known, or complicated implant situations. Seven sites had
assistant nurses helping the radiographer with the patient
handling, and a few more considered engaging such assis-
tant nurses.

Conventional content analysis showed also that all the
responders wanted both more education in and collaboration
on MR safety, and this was expressed, for example, as
‘Migrate international recommendations into a Swedish
context’, ‘Introduce national guidelines regarding implants’,
‘MR safety workshops’, ‘MR safety education in Swedish’,
‘Visit other MR units’, ‘Increase MR safety knowledge
among radiologists’ and ‘The anaesthesia care teams need
to learn more about MR safety’, etc.

Discussion

Site-focused model

The questionnaire that was used in conjunction with the qual-
itative method content analysis provided credible results com-
pared to previous studies. Moreover, new issues that were not
specifically asked for emerged. The study should be repeated
within a few years after educational efforts to investigate the
impact of training intervention.

Incidents and background factors

In this study, staff at 13 MR sites were interviewed using a
semi-structured questionnaire about the level of MR safety
and MR-related incidents at their site. The reporting rate of
incidents was very low (38%), suggesting that about 100 in-
cidents remained unreported. In a recent report, it was sug-
gested that about 30% of incidents were unreported and un-
documented. In that web survey, the number of documented
incidents was around 1.5 incidents per scanner and year [16],
compared to 0.4 found here. Perhaps the different methods
used to ask about the number of incidents, i.e. an anonymous
web survey versus an in-depth interview, might affect the
actual level of reporting.

In the FDA incident management system (MAUDE), RF
burns are the most common type of incident (59% of all inci-
dents, [15]). In this study, about 7% of incidents were reported
as RF burns. Attitudes such as ‘Burns are to be expected once
in a while’, implying it was felt unnecessary to report such
incidents, suggest that some of the missing reports could have
been RF burns. The willingness to report incidents varied
widely across the sites. One site routinely reported scanned
patients that later were found to have coins or paper clips in
their clothing. This reflects an accurate interpretation of
Swedish law that defines incidents as ‘Unwanted events that
happened, or could have happened’ [2]. Some sites did not
report any unwanted events at all during the 5 years, some-
thing that may not be correct, and this could be an additional
reason for the underreporting.

Table 3 The projectile incidents
in subcategories Subcategory of

projectiles
Number Fraction

(%)
Consequence
severity
median

Worst case
severity
median

Probability of
recurrence
median

Risk
assessment
median

Large/heavy metala 3 11.1 2.0 4.0 2.0 8.0

Sharp
small/medium--
size metalc

9 33.3 1.0 3.0 2.0 6.0

Blunt small metalb 15 55.6 1.5 2.0 1.0 2.0

Total/median 27 100 1.0 3.0 2.0 6.0

Written reported incidents (1 June 2014 to 1 June 2019) and additional orally reported incidents (1 June 2018 to 1
June 2019) subcategorised and graded for actual consequence severity, potential severity, probability of recur-
rence and risk assessment. Examples of each subcategory are given as footnotes. The severity grades were (1)
minor—discomfort or insignificant injury, (2) moderate—transient disability, (3) significant—persistent moder-
ate disability, and (4) catastrophic—death or major disability. The probability of recurrence was graded to (1) very
small—could happen once/year or less, (2) small—could occur every month, (3) large—could occur every week
and (4) very large—could occur daily. Risk assessment was defined as the product of potential severity and
probability of recurrence
a Two cases of a physiological monitor on wheels and one case of a roller table which were stuck in the gantry
b Two cases regarding pens, one regarding a hairpin, two cases regarding paper clips, two cases regarding coins,
two cases regarding telephones, two cases regarding keys and one case each regarding a belt, a stethoscope, a
metal name tag, and a metal medicine jar being inside or close to the tunnel
c Three cases of wheelchairs, two walkers, one bed, one metal prosthesis and two pairs of scissors being inside or
close to the tunnel
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The most serious incidents were probably reported, but a
few phenomena emerged that can be interpreted as reflecting
an attitude towardMR safety. For example, it was said that RF
burns are expected in MR, a few sites did not know the name
of the incident reporting system, there were no reported

incidents in 5 years in some sites and some sites were not able
to search for MR incidents in the incident reporting system
due to a lack of sufficient search features. To improve the
safety culture in a clinical radiological context, actions such
as education about the concept of ‘error prevention’ as well as
methods for focusing attention to real incidents have previous-
ly been reported [21].

We did observe a negative correlation between ‘MR safety
knowledge’ and the number of incidents, implying that more
education is required. One contributing parameter could be
that only 3% of the radiographers had an academic master’s
degree or higher degree. This was also highlighted by the wish
for more widely available safety training. If theMR operator’s
knowledge about the motivation behind the questions in the
screening forms was better, fewer patients would in our view
likely be exposed to projectile accidents, or implant or bore-
related RF burns. In Table 1, one site (#13) was recorded as
0% in ‘MR safety knowledge’, meaning that the lead MR
radiographer did not think any of the MR operators would

Table 4 The miscellaneous
incidents in subcategories Subcategory of

miscellaneous
Number Fraction

(%)
Consequence
severity
median

Worst case
severity
median

Probability of
recurrence
median

Risk
assessment
median

Scanner
malfunctiona

3 10.7 1.0 3.0 1.0 3.0

Unauthorised
personb

3 10.7 1.0 3.0 1.0 3.0

External
devicesc

4 14.3 – 2.5 1.0 2.5

Pacemakers and
cochlea
implantsd

6 21.4 2.0 3.0 1.0 3.0

Other implantse 11 39.3 1.0 3.0 1.0 3.0

Total/median 27 100 1.0 3.0 1.0 3.0

Written reported incidents (1 June 2014 to 1 June 2019) and additional orally reported incidents (1 June 2018 to 1
June 2019) subcategorised and graded for actual consequence severity, potential severity, probability of recur-
rence and risk assessment. Examples of each subcategory are given as footnotes. The severity grades were (1)
minor—discomfort or insignificant injury, (2) moderate—transient disability, (3) significant—persistent moder-
ate disability and (4) catastrophic—death or major disability. The probability of recurrence was graded to (1) very
small—could happen once/year or less, (2) small—could occur every month, (3) large—could occur every week
and (4) very large—could occur daily. Risk assessment was defined as the product of potential severity and
probability of recurrence
a One patient alarm in the scanner was broken when patient vomited, one aborted examination due to spontaneous
quench and aborted examination due to power failure
b One relative of a patient and one external person entered the scanner room unprepared, and one interpreter failed
to translate properly
c Three patients with a hearing aid, personal alarm and foot shackle respectively were stopped close to the room
and one patient with a foot shackle was examined
d Three patients with pacemakers were stopped close to the scanner room, one man with a pacemaker entered the
scanner room and two patients with cochlea implants which were dislocated in the scanner
e Three patients with splinters of metal were stopped close to the scanner room, one patient with a splinter was
examined, one patient with a urine pump was examined, one patient with a loop recorder was examined, one
patient with a breast expander was examined, one patient with a glucose meter was stopped close to the scanner
room, two patients with brain ventricle shunts were stopped close to the scanner room and one patient with a vagus
nerve stimulator was stopped close to the scanner room

Fig. 4 Implementation of EU directive. The responders answered the
question concerning which year the Swedish law AFS 2016:3
(implementation of the EU directive 2013/35) was implemented at the site
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be knowledgeable enough to adjust commonly used safety-
related scanning parameters such as SAR, SED or the effects
of gradient performance. In-depth MR safety knowledge is
important, and by improving knowledge about the influence
of a number of scanning parameters, RF-related burns as well
as implant malfunctions could perhaps be avoided. There are
international organisations that provide various opportunities
for education, including workshops and eLearning [13, 14],
but those organisations were not mentioned in the interviews.
Education in Swedish was asked for, but at present, there is no
Swedish national body, or organisation, that can provide
localised courses that would be as widely available as is re-
quested. Clearly, improved means for mediating education
need to be explored in future work.

There could be other obstacles to not reporting incidents
apart from safety culture and lack of knowledge, such as com-
plicated applications/software. Those obstacles did not occur
in this material, but lack of time has been mentioned before
[16].

Do staffing level and professional profile affect safety out-
come? Here, the number of MR staff correlated with the num-
ber of incidents per year and per scanner, although only weak-
ly so (Fig. 2, top left). We speculate that the division of work
tasks might not be sufficiently well defined, so when several
staff are working together, the MR safety is not fully covered,
but when working alone, you are ‘the last man standing’.
However, the more people who check the MR safety, the
better it will be. International guidelines state that to be able
to handle emergencies and to maintain MR safety at the site,

there should be two staff members at a site with a single
scanner [10, 14, 22] and at least three staff members in a dual
scanner unit.

The MR personnel at some sites, for various reasons,
cleaned the MR unit themselves. Other sites reported using
external janitors, but they never left these workers unsuper-
vised. The safety due to cleaning appeared to be high, and
external janitors did not seem to affectMR safety in a negative
way.

External personnel such as anaesthesia care teams typically
contribute to an increased risk in the MR environment, as has
been reported for example from Denmark [16]. These person-
nel are required in some examinations, but education is par-
ticularly important for those who work more seldom in the
MR scanner environment, ‘seldom’ meaning that the MR
safety routines are much more difficult to maintain, and to
keep the anaesthesia personnel group small appears to be es-
sential from an MR safety perspective, although this is a huge
challenge in large hospitals.

MR-specialised radiographers have a very diverse back-
ground, and not surprisingly, MR knowledge varied substan-
tially across the sites. The entire process of maintaining MR
safety requires collaboration between different professions
such as radiographers, MR physicists and radiologists. In this
study, MR knowledge increased as a consequence of the
availability of MR physicists at the site, and that appeared to
decrease the risk for incidents. Neither experience nor knowl-
edge about MR safety of the radiologists was investigated in
this study. Nevertheless, almost all radiographers were

Fig. 5 MR-specialised
radiographers’ working time
spent at an MR modality.
Percentage of the 88 MR-
specialised radiographers in 13
MR sites divided into groups
according to the percentage of the
total working time spent in their
MR modalities
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concerned about their radiologists’ MR safety knowledge.
The need to educate radiologists more extensively in MR
safety has also been confirmed by Rajan et al [23].

Outlook

There seems to be a continued need and a wish for additional
and more easily available MR safety education for all profes-
sionals working with MR. The guarantor could be either a
national agency or a non-profit professional association. The
hospital’s management must also prioritise this matter. We
intend to repeat this survey every 3 to 5 years, perhaps
expanding it to also include MR safety knowledge and atti-
tudes among radiologists and physicists.

Limitations

The main limitation of this study is the relatively limited num-
ber of formally documented incidents, and this resulted in
relatively weak, but significant, correlations. The question-
naire was developed and evaluated by an MR safety expert
committee, although it was not properly validated. Some of
the questions have previously been used in a national survey
[17], and by supplementing these with additional open ques-
tions, the responders were able to openly discuss their
thoughts and opinions. One additional limitation was that only
a few respondents were interviewed at each site. These indi-
viduals could have forgotten some of the events, or perhaps
they simply were not aware of all incidents. However, they
received the questionnaire beforehand, which hopefully re-
duced that risk.

Conclusions

This study showed that MR-related incidents are greatly
underreported, and some of those incidents that actually do
happen could potentially have catastrophic outcomes. To en-
hance the safety culture across all sites, more easily accessible
education is needed. Broadening collaboration among
radiographers, radiologists and MR physicists will also en-
hance the safety work.
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