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Season 2 Episode 4 
MRI Safety and the Built Environment: Toby Gilk
—Transcript—



[“Skip to My Lou” by Neal Caine Trio plays.]
Sponsorship
[00:00:00] Bridget McDougall: This episode of Between the Lines with FGI is brought to you by the American Society for Health Care Engineering: Optimizing health care facilities.
[Music ends. Sound of clicking, beeps, and large machine powering down.]
Opening
[00:00:00] Toby Gilk: The scanner will affect the equipment in the environment, and the stuff in the environment will affect performance of the MRI scanner, so effective planning and sighting of these pieces of equipment is not only a safety issue; it’s an image quality and clinical performance issue.
[“Skip to My Lou” by Neal Caine Trio plays.]

Intro
[00:00:00] Bridget: Welcome to Between the Lines with FGI, a podcast brought to you by the Facility Guidelines Institute. In this podcast series, we invite you to listen in on casual conversations related to health and residential care design and construction. Coming to you from Washington state is FGI’s very own John Williams, vice president of content and outreach and chair of the 2026 Health Guidelines Revision Committee.
[00:00:00] John Williams: And coming to you direct from St. Louis, Missouri, is Bridget McDougall, associate editor with FGI, and we’re here because we’re curious about a lot of things, health care design- and residential care design-related, but today we’re really specifically interested about MRIs, and, Bridget, I know you did some research, and you shared a lot of it with me, and it’s fascinating.
[00:00:00] Bridget: Totally wacky, so the first MRI on a human took place in—you want to venture to take a guess, John?
[00:00:00] John: Uh, no.
[00:00:00] Bridget: 1977.
[00:00:00] John: Wow. Almost 45, 50 years old?
[00:00:00] Bridget: Yeah, isn’t that wild? How would you like to be the first person that’s like, “Lay on this table and we’re just gonna slide you through this giant magnetic donut. Good luck!” 
[Music fades. Sound of machine powering on.]
[00:00:00] John: The whole concept was developed by this guy named Isidore Rabi. I think I’m pronouncing that last name, right? But Isidore, what a great name. 
[00:00:00] Bridget: Fantastic. 
[00:00:00] John: A professor from Columbia University back in 1937. He was looking for a method for measuring the movements of atomic nuclei, and it was the 1970s when they thought about trying it on humans. 
[00:00:00] Bridget: OK, which raises another question, like, who went in there before humans? A dog? A monkey? A bird? A lot of trivia here, so here’s one of the things I learned: the human body is made up of 60% water, right? Hydrogen and oxygen. And those little hydrogen parts have teeny, tiny little bits of magnetism to them. Not a lot, but a tiny bit, and that’s what the MRI magnet is working with—the water, in our bodies! 
[00:00:00] John: Fascinating. Absolutely. 
[00:00:00] Bridget: It’s it? There’s a lot to learn related to MRI, especially when it comes to designing spaces that house these machines. This is definitely an area where we need to phone a friend, and we have the perfect friend to phone.
[00:00:00] John: With us today is Toby Gilk. He’s an architect, an MRI radiology safety expert, a speaker, um, a trainer on MRI safety, and a member of FGI’s Health Guidelines Revision committee. When I have an imaging question, I call Toby.
[00:00:00] Bridget: Absolutely. Toby’s recognized by both state and federal courts as an expert witness on MRI safety issues, and he’s published dozens of papers and articles, and really, he’s just an all-around knowledgeable guy and makes complex topics very accessible and easy to understand, so we’re really grateful to have him with us today.
Guest welcome
[00:00:00] John: With no further ado, welcome, Toby Gilk!
[00:00:00] Bridget: Tobaaaay! Tobias!
[00:00:00] John: Thank you so much for joining us today, Toby.
[00:00:00] Toby: It’s my pleasure. Thank you for having me. 
[00:00:00] John: I want to talk to you about so many things, but today we want to focus in on MRIs and MRI safety and all the work that we see you doing out there in the community to help keep people safe. Can you help us connect the dots a little from your beginnings as an architect to someone who is, today, widely regarded as an expert in the field on MRI safety?
How our guest became interested in MRI 
[00:00:00] Toby: Sure, yeah, so, in my undergraduate, I was working my way through school at a theater where all of the traveling shows came through, you know, one day it would be the student concert series, the next day it would be a lecturer, and the day after that it would be the university philharmonic, so we were constantly sort of changing over the space from one function to the next. And while I was working there, I became incredibly frustrated that the people who designed the building didn’t really have an appreciation for how it was going to be used, so I made the decision that I was gonna go to architecture school, and I was going to design theaters. And lo and behold discovered, oh, that’s probably not a really good career move for me, so I just decided I was gonna to be your general run-of-the-mill architect.
So, I completed my degree program and the very first firm that I got a job working for, I did a couple of little Podunk projects at the county-owned hospital. My first one was converting a storage room to an office for the director of surgical services, and that went well, so they’re like, “OK, well, we’ll give you something else. We need to put a pneumatic tube station in the ICU,” and that [project] goes well, so the third project that they come to the partners of the firm I was working for is the radiology department had been trying to get a second MRI for several budget cycles, and the CFO kept on turning them down. So this was in the fall, and the CFO essentially gave them a deal that he thought that they couldn’t possibly accept which was, “I will authorize the funds for a new MRI if you promise me that you can get it in, and we can amortize it on the current year’s books, which means scanning a clinical patient prior to the end of the year. If you can do that, then I’ll allocate the funds for this MRI project.” This is October. 
[00:00:00] John: Oh, geez. 
[00:00:00] Toby: Um, we scanned our first patient December 29th. 
[00:00:00] Bridget: [Laughs in disbelief.]
[00:00:00] John: Wow. 
[00:00:00] Toby: So, it was this crazy all in, just maelstrom of design and construction activity and the closest working relationship I’ve ever had with state reviewers and those sorts of things, and the project came off brilliantly, and I don’t know whether it was adrenaline associated with that project or what, but I was all in to radiology from that point onward. That was 1997 and essentially my entire career path has been radiology, radiology-related designs with my particular sweet spot being MRI, ever since. The great irony of all of this is I have, in some ways, kind of come full circle. I’m doing today exactly what I set out to do with a very different building type, but that’s how I got into this.
[00:00:00] John: What a great origin story. MRIs were not only your entrance drug, so to speak into health care. [Laughs.] But it became what you are so well renowned for as being an expert across the country for.
[00:00:00] Toby: It helps [that] you get to do something that you really love doing, so, you know, every day is an adventure that I always look forward to.
[00:00:00] Bridget: And what is it about MRI specifically that interests you? 
What makes MRI so interesting?
[00:00:00] Toby: For me, it’s several different things. One of them is that MRI scanners are I think the closest thing to magic that human beings have ever invented, right? 
[00:00:00] John: [Laughs.]
[00:00:00] Toby: You essentially have supercooled, superconducting electromagnets that generate a magnetic field on top of which we superimpose other magnetic fields, and somehow we get pictures out of it, you know, which still kind of defies explanation. The physics associated with MRI scanners is so otherworldly and so profoundly different from our daily experience interacting with the world that it just everything seems magic associated with this particular imaging modality. I really haven’t lost any of the wonder of, oh my God, this thing, this is freaking amazing! How did people come up with this? 
And then to see, unfortunately from the safety side, you know, all of the pictures or videos of stuff flying towards or stuck up against an MRI, we have sort of these continuous ongoing reminders of just how remarkable, how different this environment is, and the role that we can play in shaping physically that environment to make it safer for everybody who’s there, as well as sort of the operational demands, it’s always fascinating to me.
[3-bass note musical interlude]
[00:00:00] Bridget: I think most folks know the basics about MRI machines, right? That there’s this table you lie on, [it] kind of slides through this big donut thing and somehow magnets are involved, but before we go deep into the codes and the cautionary tales, can you give everybody an introductory lesson on how these things work?
How does MRI work?
[00:00:00] Toby: Yeah, OK, so first thing, let’s contrast this with what are profoundly sort of photographic methods of imaging that are like X-rays, and a CT scanner is essentially just a series of X-rays that are read by a computer that can reconstruct it as the three-dimensional image, right? There’s not that much of a cognitive or imaginative leap to go from taking pictures with your cell phone to what you get from an X-ray. That stops as soon as we start moving towards MRI. MRI is just a fundamentally different way of looking at building images. 
[Slow, uplifting piano music begins.]
[00:00:00] Toby: We’re all familiar with spectroscopy, that we can essentially break down sunlight through a prism, and you can separate it out into your red, orange, yellow, green, blue, indigo, violet color scheme. We can do the same thing with the signals that come from human tissue, and we can essentially differentiate them based on the frequencies that they emit. 
[Pause as music continues.]
[00:00:00] Toby: The magnetic fields for MRI essentially aligns the magnetic poles of all of the atoms. So, then what we do is we essentially bombard them with radio frequency energy, and this imparts energy, temporarily, into all of the atoms and molecules in the body, and then we very quickly turn off the bombardment, and we turn on a series of antennae that are essentially listening to the emissions from all of the tissues inside the region. We can begin to identify we only want, you know, this slice of the tissues inside the middle of the MRI. We collect all of the signals from them, we pump all of that data into a computer and the computer essentially reconstructs the image, which is just absolutely, mind-blowingly amazing to me. 
[Music fades.]
What can an MRI do that an X-ray cannot?
[00:00:00] Bridget: You talked to us a little bit about the differences between how MRIs and other types of imaging modalities work. What’s something that MRI can do that, say, an X-ray cannot?
[00:00:00] Toby: Yeah, so one of the really interesting things is X-rays are great at differentiating tissues that have different densities, right, that’s why if you look on an X-ray and the bones are white, and the soft tissues are darker shades of gray. Tumors that grow in soft tissue often have the same or very similar density to the healthy tissues around them, so if we’re doing an X-ray of your brain, it won’t be able to differentiate healthy tissues from a brain tumor, but if we do an MRI of a brain, we can clearly differentiate a brain tumor from healthy brain tissue because they have different chemical makeups even though they are similar, if not the same, in density.
How powerful is the magnet in an MRI?
[00:00:00] Bridget: And that magnet of the MRI, the one that’s strong enough to align all of our atoms and molecules, it’s ridiculously powerful, right? When we’re talking about these 1.5 tesla and 3 tesla MRI machines, how powerful exactly are those magnets?
[00:00:00] Toby: Yeah, so, the Earth’s magnetic field that we live in, that makes a compass needle point north, is about one 20,000th of one tesla in strength, so, 20,000 times the magnetic field strength to get to one tesla, so your 1.5 is about 30,000 times the strength of the Earth’s magnetic field as we experience it, and a three tesla is about 60,000 times the earth’s magnetic field as we experience it, so, yeah, completely outside of the realm what you and I are going to experience on our day-to-day life.
[00:00:00] Bridget: You can see why you don’t want to just go skippin’ into one of those rooms with your random metal objects in your hands or anywhere else.
[00:00:00] Toby: [Laughs.] 
[00:00:00] John: Right. It’s such an incredibly powerful machine, and we throw around the word MRI so casually these days, but it’s really quite remarkable what it can do, and associated with that are risks, and we design these rooms, of course, to be safe—we add all sorts of safety elements like operational controls and building controls to make it safer, and we address a lot of those building risks inside of the Guidelines, and there’s also a safety manual from the American College of Radiology that came about largely from a very tragic situation back in 2001 involving a six-year-old boy named Michael Colombini. Can you tell us about that?
How a tragic accident led to the ACR Safety Manual
[00:00:00] Toby: Yeah, that accident was really a tragedy, and I suppose, the silver lining to it, as you mentioned, we did get as a product of the aftermath of that accident, we got some safety best practice standards, but the story itself is really tragic beyond words. So, [the story involves a] young six-year-old boy, it’s summertime, he’s out playing at the neighborhood playground and trips and takes a header onto the pavement. He gets up, and he’s disoriented, and he’s dizzy and kind of nauseous, and his mom says, “Oh, I think he may have a concussion.” [She] takes him to the local community hospital [where] they do CT on him looking to see if he has a skull fracture because again, you know, bone-related stuff is really good with an X-ray or CT, and they say, “Oh, we got good news and bad news.” 
[Slow, melancholy piano music fades in and fades out.]
[00:00:00] Toby: Good news is there’s no indication that he has a fracture of his skull. The bad news is that he had a particular type of brain tumor, one that you can actually see on CT reasonably well, that once it becomes symptomatic, it’s essentially too late for you, but because he was six-years-old, he was well before this tumor became symptomatic, and they’re like, “This is a gift from heaven,” right?  So, they’re like, we’re going to send you to the county hospital.” [Michael] goes to the county hospital [where] they do the brain surgery, they remove the tumor, and they’re about to discharge this kid, right? So, he just dodged the most amazing bullet ever. This kid is going to lead a long, healthy life after this.
[Slow, melancholy piano music fades in and fades out.]
[00:00:00] Toby: But because he’s young, and because he’s going to be subject to routine follow-up exams for the rest of his life, we don’t want to expose him to the ionizing radiation that comes from CT exams if we don’t have to, so we’re going to do MRIs, and we’re going to do one right now before we discharge. He’s just had brain surgery, a scary, uncomfortable situation for anyone, let alone a six-year-old boy, so he’s essentially done with his health care experience. He is ready to go home, and they tell him, “Well, you can’t go home yet. We have to do this study.” 
He's upset. They give him sedative, and they move him into the MRI room, and put him on the table there, and he kind of pushes through the sedative, and so the anesthesiologist gives him a second dose. He pushes through the second dose, and they give him a third dose. The MRI technologist leaves the scanner room to go into the control room to get ready to start the exam. The boy, his oxygen saturation level keeps dropping.
[Slow, melancholy piano music fades in and fades out.]

[00:00:00] Toby: Now, most hospitals, oxygen comes from a central supply, [a] big mega tank somewhere out in the parking lot, usually that gets piped through the building to all of the distribution points. Not so in this particular hospital. They essentially had a bulk cylinder on the other side of the wall and just sort of ran it from the cylinder to the outlet in the MRI room. They've got a little pulse oximeter, they're monitoring him, and the pulse ox[imeter] is dropping, dropping, dropping. The oxygen’s not flowing, so the MR tech, and there were actually two of them that were on duty, they both wind up going into the equipment room for the MRI, and those rooms, once you were inside that room, you were essentially acoustically isolated from the rest of the world. So, the two technologists are, you know, in this essentially sound isolated room trying to swap out the bulk cylinders so that they can get oxygen flowing, and the anesthesiologist is becoming more and more agitated about this, and he’s yelling ‘cause he thinks the technologists are just in the next room and can hear him, “What's going on? I need the oxygen!” 
At that very same moment, a nurse, she lets herself into the controlled access parts of the MRI suite. She had come back to retrieve whatever it was that she had left, and here's the anesthesiologist yelling for oxygen. The nurse remembers from when she had been down earlier in the day that there were portable oxygen cylinders in this little alcove just right across from the MRI scanner room, so the nurse goes and picks up one of these cylinders that turns out to be steel, highly magnetic, magnetizable, meets the anesthesiologist at the doorway, hands him a portable cylinder. He turns around, takes two steps into the room, and the magnetic field essentially grabs the oxygen cylinder out of his hands and sucks it into tube, the bore, of the MRI scanner where the boy is. 
[Slow, melancholy piano music fades in.]
[00:00:00] Toby: The cylinder essentially is a magnetically powered missile that flies in and hits this boy who just two days prior had brain surgery, hits him in the head, and he died of the injuries a day and a half later as a result of the impact. 
[Music fades out.]
[00:00:00] Toby: That ACR document that John, you mentioned, that came out a year later, that essentially it was like, yeah, we can’t let this or other significant injury accidents happen again, and here are the tools on how to prevent that.
[00:00:00] Bridget: I mean, it was a perfect storm of operational and built environment issues right there, you know?
[00:00:00] Toby: Right.
[00:00:00] Bridget: So that ACR Manual that you talked about introduced this 4-zone strategy for MRI safety, and the Guidelines reference this, as well. Can you give us a quick picture of what those zones are, what they’re meant to do?
The American College of Radiology’s (ACR) 4-zone strategy for MRI safety 
[00:00:00] Toby: Sure, so, they’re essentially modeled after nuclear medicine and hot labs, right? Because magnetism, we can’t see it, feel it, you know, it doesn’t make the hairs on the back of our neck stand up if we’re exposed to high-strength magnetic fields. It makes, magnetic things go flying, but human beings don’t perceive the magnetic fields, so in that regard, it’s kind of similar to a radioisotope, right? You know, we don’t perceive ionizing radiation in real time, so we have sort of strict structures about who can get how close to radioactive materials in your hot lab. So, the ACR 4-zone [strategy] is really an attempt to kind of recreate that general kind of structure, but specific for the MRI environment. 
Zone I spaces
So, Zones I through IV—Zone IV is the most dangerous, Zone I is essentially no danger at all. Zone I actually is just sort of a logical construct that says this place has no specific MRI risk and no specific MRI function, so me and my office and you guys in your offices, right now we are in Zone I for every MRI on the planet, right?
[00:00:00] John: Gotcha. Yeah. 
[00:00:00] Toby: So, in that respect, Zone I really has no practical meaning.
[00:00:00] Bridget: In regards to going someplace to get an MRI, though, would Zone I be like the waiting room where you’re hanging out before you even go in or no?  
[00:00:00] John: Or basically the entire hospital?
[00:00:00] Toby: Yeah, it could be the parking lot.
[00:00:00] Bridget: OK.
[00:00:00] Toby: It could be the coffee shop across the street. 
[00:00:00] John: Mm-hmm. 
[00:00:00] Toby: It could be the helipad, you know, because again, it’s just kind of a logical construct of this area is not important, is essentially what Zone I means.
[00:00:00] John: Gotcha. 
[3-bass note musical interlude]
Zone IV spaces
[00:00:00] Toby: So, if we focus on [Zones] II, III, and IV, so [Zone] IV is the area of the greatest danger, that is the MRI room itself. If you were in there, there’s nothing between you and that magnet, so things can go flying and accelerate with alarming speed, right? Also, inside the room is where the magnetic fields that we turn on and turn off for the MRI exam, so there’s the always on 24/7, 365 high-strength magnetic field of the MRI, but then there are these other ones that we turn on and off, and there are other risks that are sort of specific to when the exam is happening, so if you’re inside the room, that’s where you’re potentially exposed to all of these, right? So, Zone IV is inside the room with the MRI scanner. 
[3-bass note musical interlude]
Zone III spaces
[00:00:00] Toby: Zone III is a space that has MRI risk, and really those tend to boil down to one of two things—either the magnetic field penetrates through the walls, the ceiling, the floor or whatever into an adjacent space at a strength that’s high enough that it could potentially interfere with medical devices. That historically had been 5 gauss or 0.5 millitesla in strength, and that was sort of the safety threshold. If somebody was going to be exposed to a magnetic field that was that strong or stronger, we needed to exclude them from this area or be able to do screening for those people before they had access to an area that they might inadvertently walk into the corner where there’s a high strength magnetic field. So that’s one of the two criteria, in that space there is a high strength magnetic field that could interfere with an implant or medical device. 
[00:00:00] John: Mm-hmm. 
[00:00:00] Toby: The other criteria is can I go from the space where I am right now into a Zone IV, the magnet room itself, so any space that is immediately adjacent has an unlocked or open door between where I am and inside the room, then space needs to be designated as a Zone III space. [It’s the] next highest level of hazard, either because there is something there persistently, or because I can go from here to an area where I’m at the highest possible levels of hazards. 
[00:00:00] John: So that’s like a control room or a resuscitation point or something like that where you’re moving the patient in and out or staff are coming in and out of that identified place.
[00:00:00] Toby: Yes, exactly, so while Zone IV is specifically associated with the architectural room that is the scanner room, Zone III spaces are really governed by those two triggers, either strong magnetic field or access to the room. Most frequently, as you point out, John, that means like a control room or entry vestibule kind of space into the MRI room. 
[3-bass note musical interlude]
Zone II spaces
[00:00:00] Toby: Zone II spaces are where we have an MRI-related function, so this might be reception, this might be changing rooms, this might be an interview space where we go over the screening form with patients, it’s far enough away from the MRI scanner room that we neither have direct access, nor is there a magnetic field that is present, so are no inherent MRI risks in Zone II spaces, there’s just sort the preparatory function, right, to moving into the areas. 
[00:00:00] Bridget: Would storage for stuff that you don’t want to bring near the magnet happen in Zone II? Like, is that where the screening and also leave your g—I mean, you shouldn’t be bringing guns in the hospital anyway, but leave your guns and your belly button rings and everything aside?
[00:00:00] Toby: You got it.
[00:00:00] Bridget: OK.
[00:00:00] John: That’s Zone III?
[00:00:00] Bridget: It’s [Zone] II. 
Storage space for non-MRI safe items
[00:00:00] Toby: You can actually have it in both places, so we may bring, for example, an inpatient down with vents and pumps into a Zone III space and then essentially, at the last minute before we’re getting ready to move the patient in, swap them from the version that they came down from the floors with to an MR conditional version of that device or product or whatever, right before we bring them into the MRI scanner room, and that stuff that came with the patient down, we want to kind of sequester that. Sometimes they’re referred to as “quarantine closets,” it’s not quarantine because it’s like infectious material, but it’s stuff that we don’t want to get anywhere close to inside the MRI room. 
So, we may have storage inside Zone III, but then for our conventional outpatients, right, you show up because I’ve got an MRI of my knee, and I came directly from work or whatever. Great, you know, we’re going to have you change into a gown, we’re going to have you put your, you know, your backpack, your purse, whatever, put it in a locker. That sort of stuff would generally, most appropriately, be part of the Zone II functions of this. So, we need to identify who our patients are and what they’re coming to MRI with, and then kind of plan appropriately, you know, what are the support spaces necessary to accommodate this type of patient, this level of acuity, that sort of thing. 
[3-bass note musical interlude]
Radiofrequency shielding
[00:00:00] John: So, like you mentioned, the Guidelines, have a[n] entire section devoted to special design of MRI spaces and MRI units. I want to talk about shielding just a little bit. The first thing that I learned was there’s RF shielding associated with this particular unit. What’s the function of that shielding? Are we keeping things inside of the room with that shielding, are we trying to keep, you know, things from outside the room interfering with that very sensitive piece of gear, or is it both?
[00:00:00] Toby: So, that’s a great question, and it really gets at another one of the really fundamental differences between MRI and everything else in radiology. So if we have an X-ray room, if we have a CT room, if we have a PET scan or a hot lab, even in radiation oncology, linear accelerators, all of those spaces that I just named have essentially radiation emissions coming from tube or a radio isotope or something like that, and we don’t want those energies getting outside the room and affecting people in adjacent spaces or nearby spaces, so for those rooms, we put up really dense materials, high-density, reinforced concrete or lead, to essentially contain this bad stuff that we don’t want, you know, leaking out into other parts of the building, right? 
MRI is the exact inverse of that, so the magnetism is nonionizing, we’re not really concerned about what it will do to somebody biologically. Yes, there are levels at which we’re concerned that it may interfere with implants or medical devices, so it can affect stuff, [however] it doesn’t negatively affect us, biologically. So, at its most basic level, the shielding that is required for just about every MRI scanner out in the world, this radio frequency shielding, is there to keep stray radio frequency energies that are kind of out in the atmosphere all the time, keep them from coming into the MRI room. 
Now, you remember from our earlier conversation about how we get these images, right? We essentially bombard the patient with radio frequency energies, and then we listen to the emitted signals that come out of their tissues. Well, if we’re listening to what are fundamentally really, really, faint signals, and we’re also catching News Channel 13’s, you know, nightly news broadcast over radio frequency types of spectra, now all of a sudden, the local TV station can drown out the signal that we’re trying to receive from [for example] the knee of this particular patient. Generally speaking, we have to build the room with the radio frequency shielding in the walls, the ceilings, the floor. In addition to that, if we want to keep the magnetic field from going outside the room, if we’re concerned that the MRI scanner room is right next to a corridor, for example, and, you know, God knows who’s going to be walking up and down that corridor, then we might need to add magnetic shielding essentially to try and keep the magnetic field from going out there. 
MRI location considerations
[00:00:00] Bridget: So, Toby, could you have an MRI room up against a corridor like that? It wouldn’t be protected then by a Zone III, right? And realistically, could you have something shoot through the hallway and zap itself against a wall where an MRI machine is in the other side of that wall?
[00:00:00] Toby: [Laughs.] Um, yes, um, that is possible depending on the sighting of the magnet, depending on the size of the room, the distance of the MRI scanner from the sidewalls or the end walls and those sorts of things. Oftentimes just putting the MRI in the right spot in the room, the magnetic field values that we would be concerned about, 5 gauss or 0.5 millitesla, the new value that’s now allowed is 9 gauss, or 0.9 millitesla, which is actually a little bit closer to the MRI scanner than the old value, generally, that’s contained within the room. Now, the magnetic field, because it’s oblong, lozenge-shaped, oftentimes out the back end of the room is where there may be the greatest concern, so if there was a corridor, publicly accessible walkway, just outside the back end of the room, that would probably be a situation of concern if we didn’t have magnetic shielding. 
[00:00:00] John: Just having looked at a lot of MRI magnetic plots over the past couple of decades, it’s not uncommon that we come across that situation where I’ve seen the 5 gauss line go into a corridor, a stair, sometimes even it’s so close to a parking area that it would cross over a sidewalk or there might be a car there that moves in and out outside of that space.
[00:00:00] Toby: Right, well, and so, you’re highlighting actually the overlap of a couple of things, right? So, we clearly have this public safety related question or concern about the magnetic field strength outside the MRI scanner room itself, but then, there’s also the potential interaction of magnetic or magnetizable things—cars, rolling carts, you know, elevators, spinning fans in HVAC equipment, right? Things that move in the magnetic field interact with the magnetic field, and if they’re magnetic or magnetizable materials, they actually become magnetic in the presence of an externally applied magnetic field, so now all of a sudden that spinning fan in the HVAC equipment is a spinning magnet, and the MRI scanner really depends on a very precisely balanced magnetic field, so when we have cars driving in and out of the magnetic field, or elevators going up and down through the magnetic field, or fans spinning in the magnetic field, we have the potential of disturbing, disrupting, that incredibly precise balance of the magnetic field in the middle of the tube where we’re imaging people, and so all of that stuff outside can actually have negative impacts on the quality of the imaging that we get. 
[3-bass note musical interlude]
The gauss line (once 5, now 9) and interference with pacemakers
[00:00:00] John: You mentioned something that’s fascinating to me because for years I’ve programmed myself to look for that 5 gauss line, and now it sounds like it’s moving. Tell me the logic behind that, will you please?
[00:00:00] Toby: Yeah, so when clinical MRI became a thing, we discovered by accident, and quite embarrassingly, that the MRIs would essentially shut off some people’s pacemakers, and unfortunately 40 years ago, MRI killed a bunch of pacemaker and other implant device patients because of the negative interactions between the MRI scanner and pacemakers. I think probably worldwide, the number of pacemaker patients who died as a result of negative interactions with MRI scanners is probably, more than 20, less than 50. 
[00:00:00] John: Still a lot, still too many.
[00:00:00] Toby: Still too many, exactly. So, the MRI professional standards group decided like, OK, well, we need to not let this continue to happen, so we better figure out at what magnetic field strength do pacemakers start getting messed with, interfered with. 
[00:00:00] Bridget: And to be clear, these were not people that were going to have an MRI and happen to have a pacemaker. These were folks that were just in the vicinity of the MRI?
[00:00:00] Toby: It was a mix. 
[00:00:00] Bridget: OK.
[00:00:00] Toby: It was some patients who, you know, wanted to go get their knee scanned, you know, for an MRI. 
[00:00:00] Bridget: Got it. 
[00:00:00] Toby: And it was also people who were just sort of in the environment. 
[00:00:00] Bridget: OK. 
[00:00:00] Toby: So, the manufacturer’s standards group for MRI equipment was like, well, we need to figure out what an appropriate safety threshold is, and so they went knocking on the door of pacemaker folks and they’re like, hey, we need to do some tests on some pacemakers. Can you spare one or two? And so they got, I think it was like, 8, 10 different pacemakers, and they subjected it to how much magnetic field does this need to be exposed to before it alters the programmed function of a pacemaker. The story, as was relayed to me, was that somewhere around 13, 14, 15 gauss of exposure negatively affected these pacemakers, the lowest threshold ones, and so they were like, OK, well, let’s just set a standard that’s below the 13 gauss, you know, nice round number, let’s do 10, and then somebody pointed out, guys, we didn’t really test this on all of the pacemakers out, and we also have no idea if other implants or devices might negatively be affected. We know pacemakers, but maybe other things are negatively affected as well, so, maybe 10 isn’t conservative enough, and so the MRI device manufacturers were like, OK, you’re right. Let’s make it more conservative. We’ll set 5.
At the time there really wasn’t a pacemaker industry safety standards group, right? I mean, that was 40 years ago. Fast forward and the pacemaker group self-organizes and creates a safety standards body, and they’re like, OK, nobody’s allowed to manufacture a pacemaker that is affected by magnetic field strengths that are less than a certain value. They actually settled on 10 gauss, and so the switch that occurred in 2022 was really a reconciliation of the MRI device standard, the manufacturers of the MRIs, with the standards for the pacemaker safety group. Now, the pacemaker group is still a little bit on the conservative side. They said, you know, look, we don’t want to start flirting with the exact limit of this because we also know that there’s measurement error involved in this, so we’re going to give a 10 percent safety factor built into this, so while the official safety threshold for pacemakers from the pacemaker safety standards group is 10 gauss, allowing for a 10 percent margin for error, the standard for the MRI group is now 9 gauss. 
[00:00:00] Bridget: And that’s reflected in the Guidelines, too. We put out an erratum about that.
[00:00:00] Toby: Which is great because FGI was super responsive, and this directly affects how people are going to plan and design and build these MRI facilities. The standard kind of changed mid-cycle, and we wanted to make sure that everybody had the most contemporary information with that.
[3-bass note musical interlude]
Planning for the lifespan of an MRI machine
[00:00:00] Bridget: There’s so much in the Guidelines about this, you know, and we talk about things like these machines are massive and you have to make sure that the floor can handle the weight, and think about if you’re ever going to move it because it’s not unusual for places to have to knock their walls and doors down to be able to get one of these things out, right? Can you talk to us a little bit about how long MRIs last and what decommissioning one might look like?
[00:00:00] Toby: Yeah, we essentially advise folks to anticipate a 10-year lifespan. You’re either going to need a major upgrade or looking at replacing this piece of equipment in its entirety, you know, every decade. If you’re really careful about planning the facility, so you minimize those disruptions that we talked about earlier, you may be able to squeeze 12, 15 years of life out of one of these scanners, but, yes, you will need to look at, at some point, I’m going to need to get this giant thing out of the room and get the replacement giant thing into the room. 
So we need to think about how a piece of equipment that may weigh 25,000 pounds, um, how we’re getting it through the hospital, and unlike pretty much every other piece of imaging or therapy equipment, MRIs don’t break down into small enough things to get through conventional doorways, so we’re looking at a delivery path for a 25,000 pound piece of equipment that is going to require eight feet wide, eight feet tall corridors to get through, so even if you have that corridor, your door heights are usually going to be six feet, eight [inches], and the door jams in an eight-foot corridor actually reduce the open width to seven and a half feet, if you’ve got somebody designing it super, super tight. All of that stuff needs to get torn out in order to get the MRI out. 
There was a hospital, oh, this was 10, 15 years ago now, they had their MRI in the basement of the building, and then sure enough, you couldn’t actually get the MRI out, at least not in one piece, so what did they do? They got a construction crew with oxy acetylene torches, and they essentially cut it into small enough bits that you could put [it] in a wheelbarrow and have somebody go through the corridor and dump it into a trash bin. 
[00:00:00] John: Wow. I did that with a cast iron tub in my house once. That’s, that doesn’t sound like fun.
[00:00:00] Toby: Yeah, so a less than auspicious end to a multi-million-dollar piece of equipment, so. 
Required clearances around the MRI machine
[00:00:00] Bridget: Hey, while we’re talking about space around things, we get a lot of questions about what kind of clearances are needed around the MRI machine when it comes to the back of the machine. So, we know you have to have the clearances on the side and the front. The Guidelines currently require that clearance to be around the entire machine, including the back. Some folks may write in and say, well, but that’s not a place where the patients are going to be. And that’s not—
[00:00:00] John: Where providers are going to be necessarily, or—
[00:00:00] Bridget: Yeah, where the providers are going to—
[00:00:00] John: What’s the logic behind that? And what’s the importance of clearance on those, vestigial areas inside the room?
[00:00:00] Bridget: Nice word, John. 
[00:00:00] Toby: [Laughs.] So, we want to have sort of at least the amount of space that allows somebody to get back there to clean. In addition to that, all of the MRI manufacturers, not just MRI, CT and PET and everybody, essentially will give you prescriptive clearance areas around whatever the scanner is that are sort of the minimum service clearance. Usually, those are the space that’s needed to open the covers or the hatch to be able to get to things. You really want to provide a little bit more than that, so not only can you open the covers, but there’s space for a service repair person to function or bring toolboxes, not gonna to bring toolboxes into the MRI.
[00:00:00] Bridget: Please, Lord, no.
[00:00:00] Toby: [Laughs] Unless they’re special MRI tools. 
[3-bass note musical interlude]
Wrap-up
[00:00:00] Bridget: We have covered so much today, and I feel like we have just barely scratched the surface of the questions and topics that John and I want to ask you about. I mean, we didn’t even once mention quench pipes. I almost feel like we need to have you on again, just for a quench pipe episode. Are you game?
[00:00:00] Toby: Yeah, absolutely, and clearly, you have to drag the answers out of me. [Laughs.] So I’m happy to talk about this anytime, anywhere.
[00:00:00] Bridget: That’s great. I’ve always said talking to you, Toby, it’s like taking a masterclass in all things MRI. It’s wild. If you ever decide to have another career, I think science teacher would be incredible. You have a way of teaching things that make it completely understandable and interesting, so, we’re just so lucky to have you as our phone-a-friend for all things imaging and all things MRI and, yeah, get your quench pipe hat on ‘cause I think we’re going to be coming for you again. 
[“Skip to My Lou” by Neal Caine Trio plays.]

[00:00:00] Toby: Anytime, anytime.
[00:00:00] John: Fascinating, as always. Thank you so much.
[00:00:00] Bridget: Thank you, Toby. 
[00:00:00] Toby: Thank you both!
Outro
[00:00:00] Bridget: Thanks for joining us for another episode of Between the Lines with FGI. Do you have an idea for an episode, or are you interested in sponsoring one or a series of episodes? Get in touch with us by sending us an email at podcast@fgiguidelines.org. 
[00:00:00] John: Topics coming up this season include individuals of size, surfaces, plumbing, safety risk assessment, and more imaging, so if you’d like to have us mention your company at the beginning of an episode, reach out to us about sponsorship.
[00:00:00] Bridget: Speaking of upcoming episodes, ahead of our next guest interview, we’ll be making a post on LinkedIn asking what you want to know related to design of health care spaces and individuals of size.
[00:00:00] John: And it may already be there, so check out our LinkedIn page. Also, heads up to our loyal listeners—visit shop.fgiguidelines.org during the week beginning Cyber Monday, that’s December 2, for a special offer. Do you have anything left in your “learning and development” stipend? This is the time to use it! 
[00:00:00] Bridget: You’re going to need a bigger Christmas stocking if you want to fit some Guidelines in there. 
[00:00:00] John: Much bigger. 
[00:00:00] Bridget: And as always, many thanks to Neal Caine and the Neal Caine Trio for the use of his song “Skip to My Lou” from the album of the same name.
[00:00:00] John: All right, join us next time as we go between the lines with FGI. Goodbye, everybody.
[00:00:00] Bridget: Hey, John, who do you think the first person was that went through that donut on the MRI machine in 1977?
[00:00:00] John: I don’t know. I was six. I can’t remember what was happening in ‘77. 
[00:00:00] Bridget: Think about it. You were at home eating your Cap’n Crunch cereal or whatever.
[00:00:00] John: Rice Krispies. 
[00:00:00] Bridget: Eating Rice Krispies, watching The Love Boat. 
[00:00:00] John: Oh, yeah. I was totally doing that. 
[00:00:00] Bridget: Somewhere, across the country, somebody was just inching their way into a gigantic magnetic force field. 
[00:00:00] John: One giant leap for imaging kind?
[00:00:00] Bridget: One small step for...donuts?
[Music fades.]
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