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Abstract

OBJECTIVE To analyze the potential financial implications of the acquisition of the FERRALERT ™
ferromagnetic detection system in terms of capital outlay compared with the expected accrual of
potential operational savings through the device’s use.

SUMMARY CONCLUSION Using data derived from independently published reports, the
savings in terms of reduction of annual risk-weighted liability, more efficient patient management, and
reduction of scanner downtime can definitely offset the initial acquisition cost in a relatively short
period of time. Improved safety for staff and patients can enhance the bottom line. In the baseline
case, the payback period is less than one year.

Introduction
FERRALERT™ DESCRIPTION

FERRALERT ™ is passive sensing device which detects only those objects that are attracted to a
magnet. The product’s purpose and goal is to reduce the risk of missile effect accidents occurring in
the MR environment. The website, www.koppdevelopment.com contains further product information.
FERRALERT™ ENTRY provides an audible and visual final alert in the event of larger ferrous
materials approaching the magnet room door. Objects made of non-ferrous materials pass
unnoticed.

In order to prescreen patients and other personnel for small objects such as hairpins and paper clips,
an especially common scheduled throughput reducer, an additional product has been developed. This
product, called FERRALERT ™PRESCREEN, requires only the earth's magnetic field to detect small
ferrous objects. It is a free standing unit that can be positioned in a convenient location away from
the magnet room door wherever patient prescreening is usually performed.

FERROMAGNETIC PROJECTILE RISKS ASSOCIATED WITH MRI
As stated by FDA in its Primer':

“Current state-of-the-art technology is pushing this upper limit to 4 or 5 tesla in research MRI
systems. This is up to 100,000 times the magnetic field strength of the earth. This strong
magnetic field strength drops off rapidly with distance away from the magnet, producing a large
spatial gradient. As a result of this large gradient, magnetizable objects introduced into the field
are accelerated and can quickly become dangerous projectiles. Imagine a pair of sharp scissors
flying through the air pulled into the magnet bore.”

(See MDRs “ listed in reference section).
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THE RISKS ARE INCREASING

A number of factors are contributing to the ferromagnetic projectile risk and its increase. The VA
National Center for Patient Safety MR Alert® provides an excellent summary:

“What Makes These Hazards Tricky?
1.) Large invisible magnetic fields that extend in 3 dimensions
2.) Itis impossible to tell by looking at an MR system whether it is “ON”* or not

3.) Many objects that don’t appear to contain iron (or ferromagnetic / hazardous material)
For example, sandbags — some contain ferrous materials even though one would not think so.

4.) Labeling on devices or in documentation can be confusing

“MR safe”” and “MR compatible are specific to a particular MR environment. The terms are not
intended to be used without further specifying the particular MR environment where the devices have
been tested and found safe and compatible for “MR safe’” and “MR compatible’ may not be with more
powerful MRIs.

5.) Combination of complacency, work-arounds for speed, and diffuse responsibility

6.) If you need to emergently shut off the MRI, there are hazards and $20,000-$500,000 cost
7.) Equipment and consumables that are “safe” 99% of the time become ““unsafe” near MRI
8.) People and equipment that are “new” to MRI suite (more interventions and surgeries)

9.) It is difficult and inaccurate to make “simple” lists of unsafe materials

In general, magnetic materials can become projectiles or twist in the bore (e.g., high carbon steel alloys,
pure iron); and all metals conduct so they all can become hot or interfere with imaging in the bore.
However, to be complete, you run more risks by compiling simple lists than diligently identifying and
labeling items appropriate to enter the MR room and the bore.”

In addition, with the increased use of higher strength field magnets and self shielded magnets, the
maximum force of attraction increases dramatically. Increasing static magnetic field strength from
I.5T to 3.0T can cause the maximum force applied to an object to increase over 300% *

Analysis

DISCUSSION A number of referenced, authoritative sources were used as a basis of analysis.
The data will vary with specific sites and types of sites. Mobile sites, for example, are at higher risk
than the general population. The mobile scanner expects to get infrastructure support from the host
hospital, including staff, which may not be familiar with the requisite safety procedures.

Large objects Please refer to Worksheet | which follows. A primary basis for the frequency and
incident cost data for large object projectile incidents is a survey performed by Dr. Chaljub and
colleagues® in 1999. The survey was sent out to 250 imaging facilities across the US asking about the
occurrence of MRlI-related accidents. Among the responses, 52% mentioned airborne objects: a
defibrillator, a wheelchair, a respirator, ankle weights, an IV pole, a toolbox, sandbags containing
metal pellets, a vacuum cleaner, and mop buckets.

Incident cost data was derived primarily from Dr. Chaljub® and the JMRI paper by Dr. Colletti®.
Facility operating cost data was derived from the “Outpatient Imaging Venture Analysis” by AGI

Healthcare Group’.
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Small Objects Please refer to Worksheet Il which follows. The source for data indicating the type
and likelihood of ferromagnetic objects missed by current screening procedures is from the ASNR
paper by Dr. Thomas and Dr. Kanal delivered May 25, 2005 “Ferromagnetic Detector to Screen
Patients for Metallic Foreign Bodies Prior to MR Imaging”®. The test population consisted of 228
non-selected, ambulatory outpatients and inpatients who were asked to remove all loose metallic
objects and after completing a comprehensive screening process. The data showed that 44% of the
patients still were confirmed to have ferromagnetic objects on their person.

Not every object needed to be or could be removed. Surgical prosthesis was the cause for the
alarm in 8 of the cases. “In 92 patients, the ferromagnetic foreign body was identified, removed and
the patients were subsequently re-screened with Ferralert™ with negative results and uneventful
imaging examinations.”®

From the above, 92 of the 228 or 44% of patients screened had ferromagnetic foreign bodies
removed that could have compromised the MR image or patient safety. Not all ferromagnetic
foreign objects represent an imaging event. If the objects are small, well attached, and not in
proximity to the imaging area, for example rivets in blue jeans on patient undergoing a head exam,
the objects may be uneventful. The assumption was made that 50% of the confirmed patients with
foreign ferromagnetic objects, or 22%, could have had an MRI uneventfully.

The lost scan time cost estimates appearing on Worksheet |l result from the interruption in patient
flow at the scheduled scan time. The ferromagnetic detection system is used away from the magnet,
before the patient is scheduled for imaging. As a result, scanner time is not lost in detecting,
identifying, removing, and storing foreign ferromagnetic objects. Similarly, if an object is found that
cannot be removed or is a contraindication to an MRI, time is available before the scheduled scan to
adjust the schedule and as such reduce or eliminate wasted scanner time.

Potential cost impact of litigation from events involving small objects has not been considered in the
Worksheet Il document. There is, however, considerable data from the FDA MDRs? and elsewhere
documenting incidents involving objects such as guns discharging in the magnet, as well as scissors and
knife projectiles. In addition, at the CMRS Annual Meeting °, Dr. Kanal reported in his presentation, a
hairpin requiring surgical removal from a patient’s nose and a missed finger nail clipper destroying a
patient’s eye.

Results

MAJOR PROJECTILE ACCIDENTS Referring to Worksheet |, the range of costs for an
incident can vary widely depending upon the amount of damage to the magnet, to the cost from
damage to the equipment “sucked in”, the amount of time the magnet is not available for imaging, the
number of hours per year of imaging, the number of scans per year performed, the current cost and
availability of service as well as other variables. With this variability in mind, the cost per incident can
vary from about $40,000 to $500,000. A base cost of $183,000 was chosen as it seems to represent
a typical case involving a quench.
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Litigation

If litigation is involved, the range of cost can vary greatly. Some data was derived from Dr. Chaljub
and colleagues * but in most settlements, details of the settlement and the associated costs are
generally not available. Litigation can be the largest cost item of the accident.

Dr. Chaljub and Colleagues ® reported that in their institutions there a total of 30 operating years for
their 4 magnets. Since there were reported 5 incidents involving projectile cylinder accidents over
this period, a projectile missile occurred on average every 6 years. The occurrence rate may be low
as Dr. Chaljub ° points out:

“Our experience suggests that, despite MR safety education, projectile cylinder accidents and incidents
may be on the increase. More sick patients are undergoing scanning while on life support equipment,
as evidenced by four of the five accidents occurring within the past 3 years at our institutions.”

Nonetheless the conservative number of one incident every 6 years was used for our calculations in
Worksheet |. It is important to note that only projectile cylinder incidents and accidents were
considered here. The occurrence rate of projectile missile incidents and accidents will be higher
when other objects in addition to cylinders are considered. Florida, for example, with its high elderly
population will likely have increased occurrences missile effect projectile accidents from canes,
wheelchairs and walkers.

Of the missile effect projectile events report by Dr. Chaljub ®, 40% involved litigation. This translates
to one lawsuit approximately every |5 years.

A facility would reasonably accrue the necessary financial resources to pay for an incident when it is
likely to occur. For this reason, one sixth of the accumulated base cost of an accident is used to
calculate the risk-weighted annual liability totaling $31,206. Similarly, one fifteenth of the additional
costs resulting from litigation is used to calculate the risk-weighted annual liability from litigation of
$27,090. This results in a total Risk-Weighted Annual Liability for a Major Projectile Accident of

UNDETECTED SMALL FERROMAGNETIC OBJECTS. Referring to Worksheet I,
although the cost associated with any single undetected small ferromagnetic object is not substantial,
taken together these small costs add up to a very large number indeed. This data was generated at a
facility which has excellent staff training and comprehensive screening procedures. Even in this
facility, the total annual recoverable losses are $110,663

Conclusion

If a ferromagnetic detection system is used to control entry to the magnet, the annual risk weighted
liability of $58,296 is considerably greater than the cost of the ferromagnetic detection system such

as FERRALERT™ ENTRY. Even if the cost of litigation is ignored and the detection accuracy is 75%
the installed cost of FERRALERT™ ENTRY is offset in less than | year.

If an individual screening ferromagnetic detection system such as FERRALERT ™PRESCREEN is used
to reduce the total annual recoverable losses from small ferromagnetic objects by $110,633. The
installed cost of FERRALERT™ PRESCREEN is similarly offset in less than | year.
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Worksheet | - Major Projectile Accident-Emergency Incident Cost Analysis

System Data & Assumptions
I. Refill of Liquid Helium

QUANTILY IN LILEIS..ovuueoereeeeeeereeeeeeeeessessesseeeesssssssesssssssssesssssssssesssssssssesssssssssenssssssanns 600 Liters
COSULILET «..ovveevereeveee e vaees s sas s st sss s ss s s s s s s ssa s sa s s ssasns e $17
Refill of Liquid Helium® — Cost Total ........... $10,000
2. Emergency After-Hours Service
RALE / HOUF ettt sass st sas b st ess e bbb s s s e s ss e sas e banes $1,600
HOUPS CRArged..... .ottt s teseteae sttt se s aseaeseutesasssencsen 60 Hrs
Emergency After-Hours Service® — Cost Total........... $96,000
3. Normal Scheduled Service
RALE / HOUI' ..ottt sbsees e ss st bbb bbb sseeren $376
Hours Charged® | 60 Hrs |
$22,560
4. Equipment Damage®*
a. LOW ENd ESTIMALE......oeeeettttt sttt $8,000
B. UPPEr ENA ESTMALE .......uvvveenreeeenesssesssessssessssssssssssessssssssssssssssssssessssssssssssssssssssssssssssssssnnns $50,000
5. Cost of Lost Scans with Emergency After Hours Service®’ '
Minutes / SCaN AVErage .......coooovvveeeoreeerevvvesseneessssssensesses 45 Minutes
Weighted Average Scan Technical Reimbursement Rate $655
COSt / HOUEF LOST .ouurveeereeseteesstesetes e sass s s s ssssssssesssssesssssssssanns $873
Hours DOwn TIME .....cucueeeeeeeneceesseeessessssenseesssesssessssssasees 34 Hrs
Cost of Lost Scans with Emergency After Hours Service —-Cost Total........... $29,693
6. Cost of Lost Scans with Normal Scheduled Service
Cost / Hour Lost......cccouvvern $873
Hours Down Time® | 72 Hrs |
Cost of Lost Scans with Normal Scheduled Service —Cost Total........ $62,880
7. Installed Cost of FERRALERT ™ ENTRY ......cccccouuurmmmmmrrmmmmsemssmssssssmssssssssssssssssssssssssssssssssssess [_$185500 ]
Accumulated Cost of an Accident with NO Injuries or Litigation
® Lowcost- (#3+ #4a + |2Hrs [0St SCANNING TME) ...vvurueueuerrerereeenerreeisieeessesastseeesessassssssessssasssssaens $41,040
©  Base COSt- (# | + #2+H 4b + H# 5 GDOVE).erereoeresoseseseesesesseesseesseeeeeo $185,693
e High cost - (VA National Center for Patient Safety Data )* $500,000
Additional Costs Resulting from Litigation
Litigation & Negative Publicity Costs
INternal rEVIEW, PrEPAaration .........cccicencenernemnescecssesessesessessesessescssessssessssscssesseassssassaces $10,000
Legal FEES ...ttt $75,000
Settlement ....................................................................... $100,000
FINES oottt va s st b s e ba s e e ba s ba e et e $22,000
Loss of business resulting from negative publicity (10%)....... . 180.000
Additional Cost Resulting from thlgatlon —Cost Total.......... $387,000
Risk Weighted Annual Liability
Risk-Weighted Annual Liability from Accidents
(Base cost X 7% likelihood of an accident — one Accident occurring every 6 years) | $31,568

Risk-Weighted Annual Liability from Litigation
(Additional cost resulting from litigation x 7% likelihood of litigation - | suit every 15 yrs.)

[ $27,090 |

| $58,658 |

RISK-WEIGHTED ANNUAL LIABILITY TOTAL ....ooooeeeeeeeeeeeeeeeeeeeeeeeeeeeessseeeessessssssessssseee
Payback Period
RETURN ON INVESTMENT PAYBACK PERIOD .......oooooooooooooeeeeeeeoeeeeeeeeeeeesssseeeeesesessssssssssen 0.32 YRs
kb L -EMLT
IR ENL LR
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Worksheet Il -- Undetected Small Ferromagnetic Object Cost Analysis

System Operation Data

52 Wks/Yr

5.5 Days/Wk

12.0 Hrs/Day

L. OPErating WEEKS/Y AN ...ttt sseesstsese st sttt sttt st senesesaeasnen
2. OPerating Days/MWEEK......c.cccuueeuceemreericenetniiesieiessenseseessessesstssessess s essse st s ssessess sesssssesstasessssesssnens
3. OPperating HOUIS/DaAY .......coccureveureneeinecirecisicietseeiseeiseessesessasesssseas st sstssssesssseassseassetacsesssseassseacsen

4. AVErage MINULES/SCAN....c.cueueecireeeieceeeses et ese sttt s s ess s sttt st se st aseaessesetaens
5. NUMDBEr Of SCANS PEI daY .....ccuouiuiiireciriciriccisectreeiseseiets ettt sttt st s eas s asess st et ssanens
6. NUMDEI Of SCANS PO YEAI ....cceuiercuincieeeneeectsetstaseseeesses st ssessessessase ettt s st st sn e ssesstaseasssesssanens
7. ReiMbBUIMSEMENE FALE / SCAN ...ouevveeereenrereressesessassssasesssesesssssssssssessessssasessssessbs st s e bsesssesessessssaessssenns
8. Per Minute Value of SCanNer TiME ... s ssssasssessessesasessenss

Ferrous Object Detected Data

9. Percentage of Scans for which FERRALERT™ Prescreen found Undetected Ferromagnetic
Objects on patients and visitors after oral screening procedure®............cooo..commrrevermnreeesnnsesesenneens

a.  Assumption that only 1/2 of the % found in 9 above require further attention

b.  Assumption that 90% of objects found in 9a. above will be found before scan............cccccecuvcuucenee

c.  Assumption that ALL of remaining % is discovered in the scanner bore. ........ccccccoevevvcnncrcnencnne

Patient % Calculations

10. Breakdown of 9c above, Ferrous Objects discovered in the Scanner bore;

a. % of patients that can be rescanned after the object is removed, .........ccccocveverenvevcnenerennencencenenne
b. % of patients that have not easily removed metal; Scan Cancelled ........ reereeneaeneenes
c. % of patients that cause ferrous object to be “stuck” to the magnet. ........ccocoeueeeeeuverreeccercrrcnnees

Lost Scan Time Calculations

Il. Lost Scan Time:

a.  To Identify nature of the object and walk patient / visitor back to locker to secure missed item

b. To Remove patient from scanner to identify and remove object causing an artifact during the

PIrE-SCAN ecerevreeueueuserreaseeaeesessessessessessessessesseessesse s sas st b s sa st st ae e s bbbt s s ae bbb e e e st st s een
c.  Because of not easily removed ferromagnetic objects

(for eXample hair EXEENSIONS). ....c.ccureuecurcererrerrecicirerseeieesessessesseaeesessessessesessesseaseassesessessenssesessesssaes
d. To Remove object stuck in the MAaGNEt ........cc.oeceireeirircinincinieieireeireeeeeieeerstseseaseseesesesseaesseesseseenenns

Annual Recoverable Cost Calculations

12. Annual Cost of #1 la. above ( lost minutes of # | 1a X # 8 cost/minute X # 6 scanslyr X % in # 9b ) c...........
13. Annual Cost of #1 |b. above ( lost minutes of # | 1b X # 8 cost/minute X # 6 scanslyr X % in #10a ).............
14. Annual Cost of #1 | c. above ( lost minutes of # | Ic X # 8 cost/minute X # 6 scanslyr X % in #10b )................
I15. Annual Cost of #1 1d. above ( lost minutes of # | 1d X # 8 cost/minute X # 6 scanslyr X % in #10C ) ....ccoooeorre.
TOTAL ANNUAL RECOVERABLE LOSSES WITH FERRALERT™ PRESCREEN ..............

Payback Period
INSTALLED COST OF FERRALERT™ PRESCREEN ......................

RETURN ON INVESTMENT PAYBACK PERIOD............ciciencrececneseasaenaes

45 Minutes

16 Scans/Day

4576.00

$655.00

$14.56

44.0%

22.0%

20.0%

2.0%

1.5%

0.4%

0.1%

5 Minutes

15 Minutes

45 Minutes

180 Minutes

$66,673

$19,782

$11,989

$11,989

$110,433

$18,750

0.17 YRs
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