This file contains projections of benefits that may result from proposed
amendments to the performance standard for diagnostic x-ray systems
and their major components. The following caveat is adopted from the
OSTP Committee on Interagency Radiation Research and Policy
Coordination (CIRRPC) Science Panel Report No. 9 (Washington, D.C.,
December 1992): These benefit projections are based on many
assumptions, including estimations of radiation-associated cancer deaths
derived from linear extrapolation of nominal risk estimates for lifetime
total cancer mortality at 0.1 sievert (Sv). Other methods of extrapolation
to the low-dose region could yield higher or lower numerical estimates of
cancer deaths. At this time studies of human populations exposed at low
doses are inadequate to demonstrate the actual level of risk. There is
scientific uncertainty about cancer risk in the low-dose region below the
range of epidemiologic observation, and the possibility of no risk cannot
be excluded.
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The FDA Center for Devices and Radiological Health [1] is proposing
nine changes to the U.S. Performance Standard for Diagnostic X-Ray
Equipment that will reduce unnecessary radiation emitted during
fluoroscopy. Principal radiation risks to patients are along-term possibility
for cancer induction and a short-term potential for skin burns. We estimate
benefits of the proposed amendments in terms of years of life that would
be spared cancer mortality attributable to excess radiation, numbers of
radiation burns that would be avoided, and their respective pecuniary
savings to society. The analysis and assumptions (described in the notes)
consider three procedures—percutaneous transluminal coronary
angioplasty, cardiac catheterization angiography, upper gastrointestinal
fluoroscopy—and three of the proposed amendments. Using dose,
demographic, and risk data from various sources, we infer that the benefits
of the amendments would greatly exceed their estimated costs.



Proposed Amendments|[2]

would require that new fluoroscopy equipment
Digplay the rate, time, and cumulative total of radiation
emission
Filter out more of the lower energy x-rays to reduce dose
to patient skin

Collimate the x-ray field more “tightly” so that it’s used
more efficiently

Note: Six other amendments are not evaluated in this study.



Display Amendment

) . | clinical image
47 mGy/min -
exposure values )
displayed 8.1 min
fluoroscope
380 mGy total monitor

*Rate, time, total amounts of radiation exposure displayed to radiologist
*Radiologist could use exposure data to optimize exam techniques

Facility could compare, control emissions according to exam norms [ 3-8]

| mpact: could reduce overall patient dose~16% [9-12]



Filtration
Amendment

X-ray Source

*More filtration selectively absorbs |low-energy x-rays[13]
«Spares the patient skin dose and potential radiation burn [14-17]
lmpact: could reduce overall patient dose~6% [13, 18, 19]
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Collimation
Amendment

current x-ray field

proposed x-ray field

image area—|

—~\

«“Tighter” collimation: > /80%X -ray field areg

\__—

*Reduces radiation not used for imaging

| mpact:
could reduce overall patient dose~ 1% (UGI) - 3% (cardio) [20-25]
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Fluor oscopic Procedures Analyzed

Percutaneous tranduminal coronary angioplasty (PTCA)
*608,000 procedures per year in U.S. (1997) [26]

effective (whole-body) dose per procedure 5.0 £ 1.9 mSv [28]

Cardiac catheterization, coronary arteriography & angiography (CA)

emay include ventriculography, left- and/or right-heart studies
«3,870,000 procedures per year in U.S. (1997) [26]
effective (whole-body) dose per procedure 3.1 + 1.3 mSv [28]

Upper gastrointestinal series fluoroscopy and radiography (UGI)
sexcludes barium swallow examinations

16,500,000 procedures per year in U.S. (1996) [29]
effective (whole-body) dose per procedure2.8 £ 1.7 mSv [42]




Lifetime Cancer Mortality from X-Ray Radiation [47]
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For an individual, the dose and risk of death arevery small

For the population, the collective dose impliesa number of excess deaths
Attribution of risk to the population is scientifically controversial [49] but
generally accepted for the purpose of radiation protection



Radiation-Induced Skin Injuries[14, 17/]

Threshold
. Weeks to
Injury Dose to
. Onset
Skin (Sv)
Early transient erythema 2 <<1
Temporary epilation 3 3
Main erythema 6 1.5
Permanent epilation 7 3
D ry d esq u am atlo n 1 O 4 Fig.urc 2. (a) Photograph of the
Invasive fibrosis 10 B
Dermal atrophy 11 >14 et ooy appecy
Telangiectasis 12 >52 Al censed e rse.
Moist desquamation 15 4 oromimacay 16.21 months e
he procedures. Tissue necrosis is
La.te e ryth ema 1 5 6' 10 Lvidpcm. (d) Clozc-up photograph
. of the lesion shown in ¢. (€) Photo-
Dermal necrosis 18 >10 graph oitlhc patient’s back after
. skin grafting,
Secondary ulceration 20 >6 Figure from [17] '

«Skin “burns’ are rare but possible for prolonged fluorocardio & other interventions
*FDA has received 60 reports of burns since 1994 b ~ 8.6 reported burns per year
*How many radiation burnsare not reported?
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|mpact of New Amendments: L ife Benefits

Assumption: savings start to accrue at the beginning of a decade in which dl
current fluoroscopy equipment is replaced by new equipment manufactured
according to the proposed new standards.

Estimated benefits (highlighted in color): refer to annual projections 10
years after the initial implementation of the proposed standards. Projected
life savings would ultimately be realized only after an additional ~ 10-year
Interval of cancer latency [48] followed by 10 years of survival.

dose savings per procedure = % dose reduction ” effective dose per procedure
ocollective dose savings = dose savings per procedure” no. of U.S. procedures
*no. of lives saved = collective dose savings = rad.-induced cancer excess mortality
syears of life saved = no. of livessaved ~ (years of life remaining minus 20) [50]
*no. of cancers precluded = no. of livessaved | lethality fraction [51, 52]

*no. of skin burns precluded = percentage dose reduction” no. of skin burns [53]



Annual Life Benefit Projectionsin U.S.
10 Years after Implementation of New Standards versus Age at Exposure

Age at | Age < Age 1- Age 18- Age 45- Age 65-Age => i)ligl Age < Age 1- Age 18 Age 45- Age 65-Age => i)ligl
Exposure| 1 17 44 64 84 85 1 17 44 64 84
Male Female] Total
Procedure Collective Dose Savings (man-Sv) Collective Dose Savings (woman-Sv)
CA 4 4 151 811 858 30 | 1,857 3 4 64 414 691 42 | 1,217 | 3,075
UGI 507 | 230 | 790 | 1,092 | 1,861 | 463 | 4952 | 442 | 223 | 775 | 1,132 | 2,324 | 770 | 5,669 |10,621
7,312 7,151 | 14,463
Projected No. of Lives Saved (male) Projected No. of Lives Saved (female)
CA 0 1 11 47 24 0 84 0 1 6 20 17 0 44 128
UGI 65 28 60 64 53 5 274 | 68 34 68 55 56 7 288 | 562
382 341 | 723
Projected Years of Life Saved (male) Projected Years of Life Saved (female)
CA 25 22 264 | 127 0 0 439 | 25 28 163 | 151 0 0 367 | 806
UGI 3,345 | 1,223 | 1,386 | 172 0 0 |6,126 3969 1,743 | 1,989 | 414 0 0 | 8114 ]14,240
6,667 8,539 | 15,206

*Projection: 2 reports of fluorocardio skin burns precluded per year
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Projection of Pecuniary Benefits
for 3 amendmentsand 3 procedures

We compute average annual savings over the 10 yearsin which all
new fluoroscopic equipment will meet the new standards:

*Year O to year 10—dose savings increases from 0O to 14,500 person-Sv/year b
Y ear 20 to year 30—projected no. of lives saved increases from 0 to 723/year
Y ear 20 to year 30—projected cumulative no. of lives saved is 3615

«Savings based on societal “willingnessto pay” (WTP) premium for high-risk jobs
$5 per one-in-a million chance of death [54-56] P

*net present WTP value = $1.3 M per life saved 20 yearsin future [57]
saverage annual amortized savingsin first 10 years = $462 M per year

«Savings from preclusion of cancer treatment $25,000 [58-61] and its

psychological impact $5,000 per cancer incidence [62-67] P
saverage annual amortized savingsin first 10 years = $57 M per year

«Savings per radiation burn preclusion: $67,600 per burn avoided [68-70] 11



Summary / Conclusion

Life savings and pecuniary benefits are estimated for three proposed
amendments to fluoroscopic eguipment performance standards

*Display the rate, time, and cumulative total of radiation emission
Filter out more lower energy x-rays to reduce dose to patient skin
«Collimate the x-ray field more “tightly” so that it’s used more efficiently

*Proposed amendments would reduce dose In at least three procedures

Percutaneous transluminal coronary angioplasty (PTCA)
«Cardiac catheterization coronary arteriography & angiography (CA)
*Upper gastrointestinal series fluoroscopy and radiography (UGI)

*Projection of 723 lives per year spared radiation-induced cancer
mortality 30 years from start of implementation of amendments

*Average annual pecuniary savings of $519 M in first 10 years of
Implementation greatly exceeds estimated average annual cost of $49 M

to manufacturers and FDA [71]
12
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20. Ref. [18] indicates that over 60% of fluoroscopy units used for upper gastrointestinal (UGI)
examinations in the U.S. have image intensifiers of diameter d = 9 inches (22.86 cm). We assume that
all UGI units use rectangular collimation and that in meeting the current performance standard (ref.
[21]) there is a uniform distribution of lengths exceeding those characterized in refs. [22, 23] by
amounts from 0% to 3% of the SID to yield an average excess length of 1.5% of an average SID (refs.
[22, 23]) of 80 cm = 1.2 cm. When both the width and length of the x-ray field exceed the diameter of
theimage intensifier, it is assumed that the average width excessis 1% and average length excessis 1%
of the SSD. For d less than or equal to 34 cm, the proposed field limitation amendment would require
that the ratio of the visible area of the image receptor (IR) to the x-ray field area at the IR plane be at
least 80%. To meet the proposed field-limitation amendment, fluoroscopic equipment will need their x-
ray field areas reduced by 8.4% for only 2 (stomach LPO and RAO) of the 12 views comprising the
UGI series. We assume therefore that the effective dose savings for the fluoroscopic components of UGI
would be approximately (8.4%)/6 = 1.4%. It is assumed furthermore that most UGI systemsin the U.S.
use spot films rather than digital radiographs of the image intensifier (ref. [18]) and that such spot films
contribute approximately 40% of the kerma-area product (ref. [24]) to which the amendment is not
applicable. For UGI examinations, the overall effective dose savingsis therefore (60%0)(1.4%)=0.84%
on average with the implementation of the proposed field limitation amendment. For fluorocardio
procedures, we use an average field-magnification diameter of 14 cm at the image intensifier (ref. [25])
and assume that the width and length of a rectangularly-collimated field each exceed the image-
intensifier field bound by 1% (0.9 cm) of an average SID of 90 cm (ref. [25]) in order to meet the
current performance standard (ref. [21]). Reducing the x-ray field area by 13.3% would meet the
proposed requirement for systems with rectangular collimation. \We assume approximately one-fourth of
all fluorocardio procedures are performed on systems having rectangular rather than circular collimation
and that therefore that the effective dose savings for all of these procedures would be approximately
(13.3%)/4 = 3.3% on average with implementation of the proposed amendment.
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28. The effective dose per procedure (+ standard deviation of the mean) is the product of the
kerma-area and the ratio of effective dose to the kerma-area. Each of these factors refersto
respective means of values cited in several studies, where each mean is weighted by the study
sample size (n). For PTCA procedures, a mean kerma-area of 69 + 25 Gy-cn?is the weighted
mean of values cited in refs. [30-36]; for cornary angiography a mean kerma-area of 44 = 16 Gy-
cm?is the weighted mean of values cited in refs. [32-37]. The ratio 0.07 mSv/Gy-cm? was inferred
according to reference [25] (Tables E1, F1, Appendix D) from the particular case in reference [38]
for an adult male left ventriculogram with left and right coronary angiography. The value
obtained is consistent with that calculated for ref. [25] Table 12, which is comprised of average
values whose technique inputs were based on a 230-procedure study (ref. [39]). It is assumed that
thisratio of effective dose to kerma-area product is generally valid for PTCA as well.

29. Most UGI procedures are performed on an outpatient basis in hospital radiology departments
or in radiology practices on referral from other physician offices. The number of hospital
procedures was estimated from the hospital workload data cited in ref. [18] and the total number
of U.S. hospitals cited in ref. [40]. The number of procedures performed in radiology practicesis
inferred as the product of the number of hospital procedures and the ratio of physician-office to
hospital diagnoses of UGI morbidity. Thisratio is assumed to be proportional to the weighted
average of the numbers of corresponding diagnoses in reference [41] categories explicitly
associated with the UGI tract plus one-half of the gastrointestinal diagnoses not specifically
associated with the UGI or the lower gastrointestinal (Igi) tract. For the estimation of the
distributions of savingsin collective dose, lives, and years of life, the distributions of UGI
procedures among genders and ages is assumed to be proportional to those of ref. [26] for barium
swallow/UGI series.
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