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Background:

Dr. Peter Rothschild is considered one of the world's foremost MRI experts. He formerly
served as Medical Director of the Radiologic Imaging Laboratory at the University of
California, San Francisco, where he helped develop the first commercially available
Open MRI scanner. He is the editor of the first textbook on Open MRI, authored
numerous papers, patents and is a sought after speaker who lectures on MRI and its
future. Dr. Rothschild is a Board Certified Radiologist and served as an Adjunct Assistant
Professor of Radiology at the University of California at San Francisco. He earned his
MD degree in 1981 from the University of Louisville, in Louisville, Kentucky. He is
founder and president of Patient Comfort Systems, Inc., a company dedicated to patient
comfort and safety.

This white paper was written with the help of Infection Control experts within the Joint
Commission in order to educate and inform professionals involved in MRI with the
critical need for infection control and to provide a set of guidelines for infection control
to use inside the MRI suite.



Preventing Infection in MRI

-Best Practices: Infection Control in and around MRI Suites-

Healthcare- and community- associated infections are a major and growing
problem in the United States as well as throughout the world.

Healthcare associated infections (HAI’S) constitute a major public health problem in the
United States affecting 5 to 10 percent of hospitalized patients annually, resulting in
approximately 2 million cases of HAI’s , 90,000 deaths and adding $4.5 to $5.7 billion in
healthcare costs',".

Most patients with serious infections typically have some type of imaging procedure
performed during the course of their treatment. Radiology departments and outpatient
imaging centers must take appropriate action to assure patients that their MRI scanner is
not a significant hub for microorganisms capable of causing infectious diseases.
However, for a multitude of reasons, MRI suites often lack the most basic of safeguards
against infection, where, due to its unique environment, it is extremely difficult to
implement and maintain an effective infection control policy. Because of the dangers
from extremely strong magnetic fields ", as demonstrated by a well-publicized patient
death from an accident in an MRI",", housekeeping staff and most cleaning equipment
are usually prohibited from entering the MRI suite. The resultant lack of thorough
cleaning was clearly demonstrated in a recent study from Ireland that cultured MRSA
from within the bore of the MRI systemVi.

When one goes to a restaurant there is an assumption of cleanliness and the knowledge
that there is an organization (the county heath department) that comes in and inspects to
assure food safety and cleanliness. However, even though the public assumes the proper
infection control procedures are in place, there is no one organization that evaluates these
MRI suites for infection control. The author has often found, especially in free standing
outpatient centers and mobile MRIs, a complete lack of even the basic infection control
procedures, such as hand washing or cleaning the room between patients.

The pictures below are just a few examples of just how unbelievably dirty these MRI
suites can be.



Cables in the MRI Room



MRI Floor — Note that only the front half has been cleaned




MRI-Compatible Aluminum IV Ple

Methicillin Resistant Staphylococcus Aureus (MRSA)

MRSA was originally identified in 1961 and is now widespread throughout healthcare
facilities, both hospital and outpatient settings""'. The most common source for
transmission of MRSA is by direct or indirect contact with people who have MRSA
infections or are asymptomatic carriers.

In 1972 MRSA accounted for only 2% of all Staphylococcus aureus infections, but now it is
responsible for 50 to 70% of these infections.”™ MRSA is among those microorganisms
commonly referred to as a “super bug”. MRSA may be community associated, CA-
MRSA, or healthcare associated HA-MRSA."™

The morbidity and mortality of these bacteria is staggering. On average, hospitalizations
for the treatment of MRSA versus other infections have a length of stay approximately 3



times longer and are 3 times more expensive*,”'. Additionally the risk of death is 3to 5
times greater for patients infected with MRSA versus methicillin sensitive
Staphylococcus aureus™ "

A major concern for imaging centers is that MRSA can be carried by asymptomatic
persons. Worldwide, it is estimated that up to 53 million people are asymptomatic
carriers of MRSA™" X" of these it is estimated that 2.5 million reside in the United
States. Approximately 1% of the US population is colonized with MRSA*. Both
infected and colonized patients contaminate their environment with the same relative
frequency™"'. Therefore, any patient lying on an imaging table could be a carrier capable
of contaminating surfaces in the radiology suite. MRSA and other pathogens can live on
inanimate surfaces including common table pads and positioners for periods as long as
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several months™" ™" ™%

Center for Disease Control (CDC)

The Center for Disease Control and Prevention (CDC) has developed guidelines for
environmental infection control in healthcare facilities. The CDC and the Healthcare
Infection Control Practices Advisory Committee (HICPAC) issued a 249 page document
extensively detailing their recommendations concerning, in part, the principles of
cleaning and disinfecting various surfaces, including surfaces frequently found in
radiology suites such as bed linens, pillows, mattresses, carpeting and cloth
furnishings™".

The CDC cited numerous well-controlled studies indicating that MRSA can be spread by
contaminated surfaces.

In section G, Laundry and Bedding, #8, the authors state: ““Standard mattresses and
pillows can become contaminated with body substances during patient care if the
integrity of the covers of the items is compromised... A linen sheet placed over the
mattress is not considered a mattress cover. Patches for tears or holes in mattress covers
do not provide an impermeable surface over the mattress...Wet mattress in particular can
be a substantial environmental source of microorganisms. Infections and colonization by
MRSA have been described.”

In Section G, #2, Epidemiology and General Aspects of Infection Control the authors
provide detailed information about contaminated textiles and fabrics, stating:
“Contaminated textiles and fabrics often contain high numbers of microorganisms from
body substances, including blood, skin, stool, urine, vomitus, and other body tissues and
fluids. When textiles are heavily contaminated with potentially infective body substances,
they can contain bacterial loads of 10°~10° CFU/100 cm? of fabric. Disease transmission
attributed to health-care laundry has involved contaminated fabrics that were handled
inappropriately (i.e., the shaking of soiled linen). Bacteria (Salmonella spp., Bacillus
cereus), viruses (hepatitis B virus [HBV]), fungi (Microsporum canis), and ectoparasites
(scabies) presumably have been transmitted from contaminated textiles and fabrics to
workers via a) direct contact or b) aerosols of contaminated lint generated from sorting
and handling contaminated textiles.”



The American College of Radiology Safe MRI Practices
2007 xxiii

The American College of Radiology (ACR) has developed a document for safe MR
Practices, most recently revised in 2007. "' The ACR has divided up the MRI area into
four zones. The most critical zone is Zone 1V which is the magnet room itself. To enter
this zone without supervision, the person must be Level 2 trained.

Level 2 trained are “those who have been extensively trained and educated in broad
aspects of MRI safety issues including issues related to potential for thermal loading or
burns and direct neuromuscular excitation from rapidly changing gradients. This is in
addition to successfully completing at least one of the MRI safety lectures or pre-
recorded presentations approved by the MR medical director. Then it should be repeated
at least annually and appropriate documentation should be provided to confirm these
ongoing educational efforts.” It goes on to say that it the responsibility of the MR
medical director not only to identify the necessary training but also identify those
individuals who qualify as Level 2 MR personnel. The ACR also specifically requires
that any non-Level 2 personnel entering the scan room must be accompanied by, or under
the immediate supervision of and in visual or verbal contact with a specifically identified
Level 2 MR personnel for the entirety of the duration within the scan room.
Additionally, these non-Level 2 personnel, i.e. cleaners, must also go through a thorough
screening to make sure that they do not have a pacemaker, aneurysm clip or any other
dangerous ferromagnetic objects in or on their body. This is why cleaning crews are
normally not allowed to go into the scan room.

The number of accidents within MRI suites appears to be a growing problem. Between
mid 2005 and mid 2006 the FDA received a 140% increase in reported MRI accidents™",
MRI safety has become such an important topic that the American College of Radiology
has issued White Papers on MRI safety, most recently updated in 2007". The Joint
Commission has recently released a Sentinel Event Alert titled “Preventing accidents and
injuries in the MRI suite™"". Each of these documents emphasize the importance of
designating the various areas within the MRI area into Zones | — 1V, depending upon the
static magnetic field of each zone and the consequent safety precautions that must be
taken in each zone. The most dangerous zones are the MRI control room, Zone 111, and
the MRI suite itself, Zone 1VV. Both Zone Ill and Zone 1V are within “the region in which
free access by unscreened non-MR personnel or ferromagnetic objects or equipment can
result in serious injury or death”. They are considered dangerous enough that they
“should be physically restricted from general public access by, for example, key locks,
passkey locking systems, or any other reliable physically restricting method that can
differentiate between MR personnel and non MR personnel.” “Only MR personnel shall
be provided free access, such as access keys or passkeys, to Zone 111" The major
risks involve metallic objects being brought in by unauthorized and untrained personnel.
The technologist who runs the MRI is the one responsible for this access control.
Therefore, when the technologist is not present, all access should be denied to the MRI
suite. This would include after hours cleaning crews. The ACR Guidance Document for
Safe MR Practices: 2007 discusses restrictions on housekeeping and cleaning personnel
from Zones I1l and I1V.""



The 17 text pages of the ACR Document for Safe MRI Practices 2007 contain only one
paragraph of information on Infection Control:

“12. Infection Control (Zone 1V)

Because of safety concerns regarding incidental personnel within the MR suite,
restricting housekeeping and cleaning personnel from Zone I11 and/or Zone IV regions
may give rise to concerns about the cleanliness of the MR suite. Magnet room finishes
and construction details should be designed to facilitate cleaning by appropriately trained
staff with non-motorized equipment. Additionally, as the numbers of MR-guided
procedures and interventional applications grow, basic infection control protocols, such
as seamless floorings, scrubbable surfaces, and hand-washing stations, should be
considered.”™"™

This paragraph confirms the widespread practice of restricting cleaning crews from
entering the MRI suite. This author knows of no imaging center or hospital that pays
their Level 2 MR personnel (i.e., the technologists) to wait around for the cleaning crews
to come in and monitor them the entire time that they are cleaning the room. Therefore,
the responsibility to clean the scan room is sometimes assigned to one of the MRI
technologist or, more commonly, this responsibility is simply overlooked. However, the
paradox is that the MRI technologist, who in almost all imaging centers is the Level 2
trained person, is rarely an experienced or even trained cleaning person with very limited
time to clean.

This paradox is clear when asking the question, “Is the scan room being cleaned and if so
by whom?” The answer that this author normally receives is “of course it’s being cleaned
by the cleaning crews that come in at night after we leave.” It is crucial to ask the next
question, “What Level 2 personnel are present to monitor the cleaning crew to make sure
that it is done properly and safely?” This author knows of no cleaning crew that has the
background training to be Level 2 personnel. Additionally, the cleaning crews contacted
by this author have all stated that they been told or simply assume that they are not to go
into the scan room. Cleaners often describe the MRI suite as the room with all the signs
on the door warning them not to enter.

The MRI Suite

The area of greatest challenge for preventing the transmission of MRSA and other
infections in Radiology is clearly the MRI suite. Due to the high magnetic field, posing a
danger to both the personnel and to damaging the MR itself, and to comply with the
American College of Radiology recommendations™" it is the author’s experience, that
many free standing imaging centers and hospitals do not allow cleaning crews to enter the
MRI suite. Therefore these MRI suites are rarely, if ever properly cleaned

This is a risk to staff and patients because MRSA can be transmitted by contact with
contaminated surfaces such as mattress pads™,*. It has been proven that MRSA can
survive on surfaces such as tabletops and charts for up to 11-12 days™". Similarly,
Vancomycin-resistant enterococci (VRE) had a 50% survival at seven days on
upholstery, furniture and wall coverings and could easily be transferred by touching
contaminated surfaces™". There is an increased risk of VRE/MRSA for patients in the
presence of environmental contamination, 5.1% increased risk for MRSA and 6.8% for



VRE®" X There is an increased risk of an MRSA acquired infection for patients
admitted to a room that was previously occupied by a patient colonized with MRSA®**"!

At many MRI centers, there exists a false belief that merely placing a clean sheet over the
table pads, without actually cleaning them between patients, will prevent the spread of
infectious agents. What is most concerning is that very few MRI centers clean their pads
even once a day, much less between patients. Cleaning pads during working hours
typically has a very low priority, because it is time consuming, decreases throughput and
thereby decreases the center’s productivity and negatively impacts the financial well
being of the center.

Additionally, MRI technologists, especially those who trained in the 1970’s

and 1980’s, had little training in infection control or proper cleaning procedures. An
average MRI may scan 3,000 to 5,000 patients a year. CT scanners usually scan double
or triple that number. The probability is that at least 50 — 100 of these patients are
infected with MRSA or other HAI V" ¥ “and many more are carriers.

Another area of potential exposure to infectious agents is the use of IV contrast material
for both CT and MRI, which significantly increases the risk of blood contamination.

The simple task of removing a needle from a patient’s arm and placing it into the sharps
container has great risk. Blood can drip from the needle or from the puncture wound

onto the pads, table and floor. This blood can often be unnoticed by a busy technologist
or doctor performing the injection resulting in a contamination risk. It is not uncommon
to find dried blood in an imaging suite which is an excellent culture medium for MRSA.

There is also concern for spreading infectious bacteria by direct or indirect contact among
the imaging staff and patients within the imaging department or center. MRSA infections
can be acquired by staff members through a simple cut or other break in the skin that may
not be noticed during a busy day. Therefore, hand-washing between patients as well as
hand sanitizer use for the entire staff is of crucial importance®** ¥ X' Regarding mobile
MRI, ensuring proper hygiene is even more difficult since they do not have a sink or

running water.



Bacteria and Table Pads

One much overlooked concern is the torn and frayed pads used in imaging departments
and centers. Once the covering material has been breached, pads cannot be properly
cleaned and should be immediately removed and replaced. This is clearly demonstrated
by Oie in his article “Contamination of Environmental Surfaces by

Staphylococcus aureus in a Dermatological Ward and Its Preventive Measures”
In the article the author states, *... items with a smooth surface can be repeatedly used
without problems if disinfected. However, on items with a porous surface made of a
spongy material, S. aureus was detected even after disinfection had been done. Thus,
porous surfaces made of such material cannot be adequately disinfected”. *""

In the late 1980’s and early 1990’s when many of the pads systems in use today were
developed, they were not designed to take the wear-and-tear of five to ten thousand
patients a year for so many years. The fabric covers were coated with some type of
plastic to make it water proof. However this plastic wears off especially with cleaning
solutions as well as with use. As a result, pad coverings have worn out exposing the
foam core or have lost their ability to prevent penetration of bacteria and fluids into the
central core, where it is not possible to be cleaned.




