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Noah Ditkofsky1 & Errol Colak1 & Anish Kirpalani1 & Shobhit Mathur1 & Djeven Deva1 & Dawn Pearce1
&

Aditya Bharatha1 & Timothy Dowdell1

Received: 10 February 2020 /Accepted: 16 April 2020
# American Society of Emergency Radiology 2020

Abstract
Due to a combination of increasing indications for MR imaging, increasedMRI accessibility, and extensive global armed conflict
over the last few decades, an increasing number of patients now and in the future will present with retained metallic ballistic
debris of unknown composition. To date, there are no guidelines on how to safely image these patients which may result in
patients who would benefit fromMRI not receiving it. In this article, we review the current literature pertaining to the MRI safety
of retained ballistic materials and present the process we use to safely image these patients.
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Introduction

“The magnet is always on” is a sign commonly posted on the
door leading to zone 4 of the MR environment. It is an impor-
tant reminder that within zone 4 is a magnetic field that is
between 10,000 and 100,000 times stronger than the average
backgroundmagnetic field [17, 27] and that failure to abide by
safety protocols may result in injury or death. Therefore, all
patients entering the MRI environment are screened and re-
quired to change out of street clothes into hospital gowns. One
of the common screening questions is “Do you have any
retained bullets?”. This is a question to which most patients
answer “No.” However, there are a small minority that an-
swers in the affirmative, resulting in much consternation

among the screening technologists and the radiologists who
must ultimately decide if the patient is safe to enter the MR
environment. The authors expect that this will become an
increasingly common problem given increases in violent
crime, the global armed conflicts that have been ongoing over
the last 20 years, as well as an aging population that includes
veterans of prior wars. To date, there is no comprehensive
protocol for MR imaging of these patients. In this article, we
review the literature surrounding the safety of MRI in the
presence of ballistic debris and offer a protocol with which
patients who have retained ballistic debris of unknown com-
position can safely be introduced into the MRI environment.

Background

In 2018, in the USA, there were 118.9 MRI exams per 1000
population [18]. When extrapolated to the US population of
2018 [28], this works out to almost 39 million MRI examina-
tions and consequently screening questionnaires performed
that year. It is unfortunately not possible to determine the
number of MRI examinations safely performed on patients
with retained ballistic material or the number of patients
who were either appropriately or inappropriately denied ac-
cess to MRI as a result of their retained ballistic material.
Additionally, there are no published reports from that year
of patients experiencing an injury attributable to the presence
of retained ballistic fragments.

Essentials:
• Most, but not all, retained ballistic debris is MRI safe.
•Material decomposition dual-energy CT scanning holds future promise
in determining whether retained ballistic material has ferromagnetic prop-
erties.
• Patients with retained ballistic debris of unknown composition adjacent
to critical neurovascular structures should be introduced into the magnetic
field in an orientation that would result in the metal moving away from
the structure of concern should it move.
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The presence of any metal in a patient set to undergo MRI
elicits concern due to the risk the metal will experience trans-
lation forces and/or torque as it interacts withMRI’s static and
variable magnetic fields [4, 6, 11, 21, 24, 27]. Additionally,
heating of ballistic fragments is a concern as the changing
magnetic fields induced by gradient coils can induce electrical
currents within conductive materials [24, 27].

Ballistic debris comes in two forms—bullets and pellets.
Handguns and rifles fire a single projectile which can either
remain intact or variably disintegrate upon contact with flesh,
bone, and intervening structures [25]. Shotguns fire a spread-
ing cloud of pellets which come in a variety of sizes and
materials. Handgun and rifle bullets are typically constructed
of copper, lead, or a combination thereof although some
newer bullets have polymer components and a small subset
of bullets have a steel jacket or core. Shotgun pellets are round
ball bearings and are made of a wide variety of materials
although a single shotgun wound will almost always contain
ballistic material of uniform composition. Shotgun pellets are
composed of one or more of a combination of lead, steel,
tungsten, bismuth, nickel, tin, iron, and various polymers
[2]. While most ballistic materials are not magnetic, those
containing iron and nickel are and must be correctly identified
to mitigate against potential patient harm.

Is ballistic material MRI safe?

Any metal within a patient raises concerns for heating and
movement, but this concern is exponentially higher when that
metal is close to or within critical or fragile structures such as
the globes, brain, spinal cord, major nerves, or blood vessels
[6]. Handgun and rifle bullets can usually be identified on
radiographs or a scout CT image as when they remain intact
they are morphologically similar in patient tissues to their
appearance pre-firing (Fig. 1). An intact bullet may represent
one (where a lead core is) clad entirely in either steel or cop-
per, known as a full metal jacket (FMJ) [29] or had low energy
at time of penetration and remained intact [15]. Bullets that do
not remain intact are usually made entirely of lead or only
partially clad in copper [7]. Bullets that remain intact and
bullets that fragment can both contain steel cores susceptible
to magnetic effects. Shotguns fire numerous pellets at the
same time and characteristically appear as multiple roundmet-
al foci clustered about the site of and deep to the site of injury
on radiography and CT (Fig. 2) [29]. Pellets that fragment into
multiple irregular non-rounded shapes are likely made of lead,
whereas pellets that remain round and regular are likely made
of a steel alloy [14].

In 1989, Ebraheim et al. reported the use of MRI in a
patient with ballistic fragments adjacent to the cervical spinal
cord—one of the first reported cases of a bullet being imaged
with MRI adjacent to a critical structure [8]. In this case, the
bullet was made of lead, a non-ferromagnetic material which

resulted in no-effect other than image degradation by signal
drop-out at the site of the retained ballistic material. A subse-
quent study by Teitelbaum et al. [26] found that most
American-made civilian market ammunition does not contain
ferromagnetic materials. However, they and others have re-
ported that bullets produced outside of the USA and military
ammunition can contain varying degrees of ferromagnetic ma-
terials [1], and thus while unlikely to be a problem, patients
with retained bullets should be imaged with caution. In the
intervening 30 years, a lot has changed. The end of the Cold
War has made military surplus ammunition both cheap and
abundant in the civilian market, and the Internet has made it
readily available. Thus, any given bullet has a higher likeli-
hood of being of Eastern European or Asian origin and/or
having been produced for military use. Recognizing this, re-
cent research has examined the effects of MRI on bullets used
by the military and law enforcement [5] as well as armor-
piercing bullets [17]. This research confirmed that non-
ferromagnetic bullets are MRI safe at 1.5-3 T but also dem-
onstrated that bullets and shotgun pellets containing ferromag-
netic materials are subject to significant motion at diagnostic
MRI magnetic field strengths [3, 5, 9, 17]. The most recent
research has indicated that MRI should be considered safe in
patients, when the bullets with which they have been shot are
known to be MRI safe [13]. In the setting of victims of vio-
lence, this is not usually feasible. Thus, the ability to identify
the composition of ballistic debris has recently become a topic
of interest.

Identifying the composition of ballistic material

The American College of Radiology recommends the use of
ferromagnetic discriminating metal detectors (FDMD) as an
adjunct to a thorough screening examination, and there are
numerous commercial products available to screen patients
for metal prior to their entry into the MRI environment. This
has been shown effective in some studies; however, this is of
limited utility in detecting smaller foci of ferromagnetic debris
[10], and the detectors are not designed to detect metal internal
to the patient [16].

Recently published work has focused on the use of
dual-energy CT (DECT) material decomposition model-
ing to differentiate between ferromagnetic and non-
ferromagnetic ballistic debris in vitro [12, 19, 22, 30]. In
2014, Winklhofer et al. in a proof-of-concept experiment
demonstrated that DECT was capable of distinguishing
ferromagnetic from non-ferromagnetic materials.
However, their study noted that determining the compo-
sition of a jacketed bullet’s jacket was limited [30]. In
2019, Gascho et al. determined that it was possible to
differentiate between bullets composed of copper and zinc
from lead-cored bullets irrespective of their jacketing ma-
terial. However, they also demonstrated an inability to
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differentiate between bullets with ferromagnetic and non-
ferromagnetic jackets [12]. Ognard et al. showed results
similar to Winklhofer et al. using an automated and man-
ual segmentation approach [19]. While these studies serve

as an excellent starting point for future research, all of
these studies took place in phantoms or devitalized tissues
and used uniform bullets that had not been subject to the
deformation seen in bullets delivered at high velocity into

Fig. 1 30-year-old female sustained a single bullet wound to the anterior
thoracic wall, and a PA chest radiograph was acquired in the trauma bay.
Lodged within the patient’s right breast is an intact bullet, an appearance

characteristic of full metal–jacketed bullets. The bullet was subsequently
removed and is show in panel B. Note how the bullet’s appearance on
radiograph is the same as the bullet after it has been retrieved

Fig. 2 Abdominal trauma bay
radiograph and subsequently
acquired axial CT image in a male
patient who has suffered an
anterior shotgun wound.
Numerous round metal shotgun
pellets are lodged within the
anterior soft tissues. Should this
patient require MRI, the safest
course of action would be to
sample one of the subdermal
pellets
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living tissues. Although DECT material decomposition
holds much promise, it is not yet ready for clinical use.

A common sense protocol for imaging patients
with ballistic debris of uncertain composition

The American College of Radiology has divided the
MRI environment into 4 “safety zones” [10, 23]
(Figs. 3 and 4). Zone 1 is defined as the region leading
to the MRI environment that is accessible to the general
public. Zone 2 is the boundary between the highly con-
trolled environment of zones 3 and 4 and the universal-
ly accessible zone 1. It is in zone 2 that patients change
out of their street clothes and are screened for MRI
compatibility. Patients do not move beyond zone 2 until
after completion of screening and vetting by MRI per-
sonnel. If a metal detector is being used as part of the
patient screening process, it should be positioned be-
tween zones 2 and 3. Zone 3 is the antechamber to
the MRI environment, and no person or materials
should have access to this zone without appropriate
screening due to the risk of magnetic projectiles enter-
ing zone 4, the MRI chamber itself.

In zone 2, if a patient screens positive for retained ballistic
debris, the technologist conducting the screening should alert
the supervising radiologist, as ultimately the determination of
patient MRI compatibility and the responsibility for patient
safety rests with the radiologist. When informed of a patient
with retained ballistic debris of unknown composition
(RBUC), the radiologist must determine if the information
being sought by MRI can be acquired by other means. If
MRI is the only method by which the information sought
can be acquired or the use of ionizing radiation is not desirable

(pregnant or pediatric patient), the radiologist should review
any prior imaging available to determine the appearance, po-
sition, and, if possible, the composition of the RBUC.
Fortunately, in patients with GSW, there is almost always
prior imaging available, and the MRI exam may need to be
rescheduled in order to acquire this imaging. In the case of
emergency imaging and/or the absence of prior imaging, ra-
diographs should be performed to localize the RBUC. If the
radiographs demonstrate RBUC in an extremity and not in an
expected location where it could be contacting neurovascular
structures, the patient should be advised of the risk of pain and
metal fragment movement. The patient should be further ad-
vised that should they feel discomfort while being introduced
into the magnetic field, or at any time during the exam, the
MRI exam can be terminated. In patients with RBUC in the
chest, abdomen, or adjacent to a neurovascular structure, low-
dose CT imaging may need to be performed to better localize
and analyze the RBUC. Once the RBUC is localized, the
radiologist should perform an analysis of the adjacent struc-
tures and the risks associated with metal movement. It is im-
portant to note that there are anatomic structures that do not
contain nociceptors, and this must be considered in consenting
the patient. The patient should then be informed of the risks
associated with debris movement and informed consent ac-
quired accordingly. For example, if metal debris is adjacent
to the sciatic nerve, the patient should be questioned with
respect to current symptoms of sciatic nerve irritation and
consented for the risk of damage to the sciatic nerve. Only if
the patient consents to proceed with the examination should
he or she should be brought into zone 3. In the setting of
RBUC, we image our patients on the 1.5-T magnet.

Once the patient is in zone 3, an explanation of what mo-
tion of the RBUC might feel like should be provided. The

Inpa�ent 
Holding

Zone 3

Zone 4

Zone 1

Zone 2

Zone 2

Zone 2

Magnet

Zone 1Fig. 3 An idealized MRI suite
layout. Door between different
zones with the exception of the
door between zones one and two
should be pass card or key
controlled to prevent the free
movement of people between
zones
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patient should also be made aware of the procedures for ter-
minating the examination should they experience any pain or
discomfort, numbness, or tingling. Only at this point should
the patient be brought into zone 4. Introducing the patient into
zone 4 is the time of highest patient risk as the magnetic field
is strongest at the entrance to the bore of the MRI [20]. To this
end, we advocate moving the patient into the magnetic field in
an orientation whereby the RBUC, should it move under the
influence of the magnetic field, will be pulled away from
critical structures. The patient should be walked (or rolled)
slowly toward the bore of the MRI and queried about altered
sensation, pain, and discomfort. Should any be experienced,
the patient should not proceed with the examination. If asymp-
tomatic, the patient should be placed on the MRI table and
manually moved into the bore so that they are positioned
similarly to their expected orientation during scanning. If the
patient remains asymptomatic at this point, under the influ-
ence of the static magnetic field, then they are unlikely to
experience symptoms during the course of their examination
even under the influence of the less powerful gradient mag-
netic fields, and the examination should proceed unless termi-
nated by the patient. This is summarized in Fig. 4.

Following the completion of an uneventful examination,
the patient should be provided with a note stating that their
ballistic debris should not preclude the future use ofMRI. This
should also be explicitly stated in the final report of the exam-
ination. This will prevent future imaging examinations from
being unnecessarily delayed or canceled.

Conclusions

MRI is a key diagnostic modality in many disease processes,
and unnecessarily denying patients access to MRI may ad-
versely affect their care. Although the majority of ballistic
debris is MRI safe, in the interest of patient safety, we must
assume that RBUC is not MRI safe until proven otherwise. As
DECT technology advances, it may in the future be possible to
determine the ferromagnetism of retained ballistic material;
however, this technology has not yet been reached a level
suitable for clinical use. To this end, we provide a proposed
protocol by which patients with retained ballistic debris can be
introduced in a stepwise manner (that reduces risk) into the
MRI environment. This protocol is only utilizable in the con-
scious patient, and although this is a protocol that we have
successfully utilized, each clinician must determine its suit-
ability for use in their patients and patient population.
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