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Background:  Staff who perform fluoroscopically guided interventional (FGI) procedures are among the most highly radiation-ex-
posed groups in medicine. However, there are limited data on monthly or annual doses (or dose trends over time) for these workers.

Purpose: 'To summarize occupational badge doses (lens dose equivalent and effective dose equivalent values) for medical staff per-
forming or assisting with FGI procedures in 3 recent years after accounting for uninformative values and one- versus two-badge
monitoring protocol.

Materials and Methods: Badge dose entries of medical workers believed to have performed or assisted with FGI procedures were retro-
spectively collected from the largest dosimetry provider in the United States for 49991, 81561, and 125669 medical staff corre-
sponding to years 2009, 2012, and 2015, respectively. Entries judged to be uninformative of occupational doses to FGI procedures
staff were excluded. Monthly and annual occupational doses were described using summary statistics.

Results:  After exclusions, 22.2% (153 033 of 687 912) of the two- and 32.9% (450 173 of 1366736) of the one-badge entries were
judged to be informative. There were 335225 and 916563 of the two- and one-badge entries excluded, respectively, with minimal
readings in the above-apron badge. Among the two-badge entries, 123 595 were incomplete and 76059 had readings indicating
incorrect wear of the badges. From 2009 to 2015 there was no change in lens dose equivalent values among workers who wore one
badge (2 = .96) or those who wore two badges (P = .23). Annual lens dose equivalents for workers wearing one badge (median, 6.9
mSy; interquartile range, 3.8 —13.8 mSv; 7 = 6218) were similar to those of staff wearing two badges (median, 7.1 mSv; interquar-
tile range, 4.6—11.2 mSv; 7 = 1449) (P = .18), suggesting a similar radiation environment.

Conclusion: 'These workers are among the highest exposed to elevated levels of ionizing radiation, although their occupational doses

are within U.S. regulatory limits. This is a population that requires consistent and accurate dose monitoring; however, failure to
return one or both badges, reversal of badges, and improper badge placement are a major hindrance to this goal.
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n recent decades, the number and complexity of fluoro-
Iscopically guided interventional (FGI) procedures has
increased substantially because of the numerous benefits
afforded to patients over conventional surgery (1) and
advances in the field. FGI procedures are minimally in-
vasive allowing for a shorter recovery time, reduced costs,
and improved surgical outcomes (2). With the advent of
newer technologies, FGI procedures are performed for a
wider range of diseases and increasingly complex cases. The
growth in the number of medical staff assisting with FGI
procedures has not kept pace with these changes, resulting
in increased procedure volumes and potentially increased
exposure to jonizing radiation (3). New technologies in the
fluoroscopic suite have helped to reduce the use of radia-
tion but it is unclear if they are able to offset the additional
radiation to these workers from increases in workload.

The radiation exposure to medical staff performing
or assisting with FGI procedures is among the highest in
medical practice (4-6). Working in this environment for
a prolonged period without proper radiation safety train-
ing or the use of personal protective equipment may lead
to occupational doses in excess of regulatory limits. High-
quality dosimetry information pertaining to occupational
exposure levels is needed to better inform radiation protec-
tion practices and for application in epidemiologic stud-
ies designed to study radiation-related risks of cataracts,
cancer, and other serious diseases (7-12). However, past
studies of occupational exposures for this group of workers
reported doses on a per-procedure basis. To our knowledge,
there are no data on annual occupational doses or trends
in doses over time for these workers in the United States,
where these procedures are performed frequently (1).
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Abbreviations
FGI = fluoroscopically guided intervention, LOD = limit of detection

Summary

By using data from the largest dosimetry provider in the United
States, occupational doses to medical staff performing or assisting
with fluoroscopically guided interventional procedures in 2009,
2012, and 2015 were below U.S. regulatory occupational dose limits
for most workers, although 15% of occupational doses exceeded the
eye dose limits recommended by the International Commission on
Radiological Protection.

Key Results

= From 2009 to 2015 there was no change in lens dose equivalent
values among the staff who wore one badge (2009, 2012, and
2015 medians: 7.2, 7.1, and 7.1 mSy, respectively; P = .96) or
those who wore two badges (2009, 2012, and 2015 medians: 6.9,
7.6, and 6.9 mSv; P = .23).

= Annual lens dose equivalents for staff wearing one badge (median,
6.9 mSv; 7 = 6218) were similar to those of staff wearing two
badges (median, 7.1 mSv; 7 = 1449; P = .18), suggesting a similar
radiation environment.

The purpose of our study is to summarize occupational badge
doses (lens dose equivalent and effective dose equivalent values)
for medical staff performing or assisting with FGI procedures
in 3 recent years (2009, 2012, and 2015). We compared these
values according to the use of a one-badge or two-badge protocol
because of the potential differences in radiation environments
and unique methodologic considerations, including the need for
separate assessment of inconsistent and improper badge place-
ment and known differences in the formulas used to calculate
effective dose equivalents.

Materials and Methods

Because the United States lacks a national registry of occupa-
tional doses to medical workers, we must rely on dosimetry pro-
viders or the institution’s radiation safety office to obtain this
information. For this study, occupational doses were provided by
Landauer (Glenwood, Ill), the dosimetry provider for the major-
ity of acute care hospitals in the United States. Landauer pro-
vided data from 2009, 2012, and 2015 for personnel believed
to have assisted or performed FGI procedures on the basis of
their badge analysis profile indicating if a special formula was
used to assign the effective dose equivalent. The effective dose
equivalent in these workers was assigned by using a special for-
mula according to use of a one-badge or two-badge protocol, as
recommended by the Suggested State Regulations for Control of
Radiation (13) and federal guidance (14). In the United States,
these workers are monitored with personal dosimeters. With a
one-badge approach, the badge is worn above the leaded apron
at the collar level. With a two-badge approach, an additional
badge is worn underneath the apron at the waist or chest level.
We collected a total of 2054 648 entries from the Landauer data-
base corresponding to 49991, 81561, and 125 669 medical staff
in the years 2009, 2012, and 2015, respectively. Two authors
(D.B. and C.Y.) were responsible for acquisition and processing
of data. All authors were responsible for data analysis and in-
terpretation of the results. All authors reviewed the manuscript.
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Dosimetry Information

The dosimetry information included operational quantities
of personal dose equivalent at a reference depth of 10 mm
and 3 mm, HP(IO) and Hp(3), respectively, and a calculated
estimate of the protection quantity of effective dose equiva-
lent, H,. Dose readings came from Luxel+ dosimeters (Lan-
dauer). The measured personal dose equivalent at a reference
depth of 3 mm is used to link the external irradiation to the
dose equivalent at the lens of the eye, whereas a depth of 10
mm is used to assign the effective dose equivalent.

Briefly, it is worth considering the distinction between op-
erational quantities (15,16) and protection quantities (17).
Operational quantities, such as the personal dose equivalent,
can be measured with monitoring devices that are calibrated
and traceable to a published standard, known as metrological
traceability. In the United States, the metrological traceability is
established through the National Voluntary Laboratory Ac-
creditation Program to meet the ANSI HPS N13.11 stan-
dard (18). This metrological traceability allows us to com-
pare operational quantities recorded at different institutions.
However, protection quantities, such as the effective dose
equivalent, are not directly measurable but rather calculated
from operational quantities. This derivation can vary by in-
stitution. The use of effective dose equivalent, /,, does not
comport with concepts put forth by the International Com-
mission on Radiological Protection, which prefers the quan-
tity of effective dose, E (5).

In the United States, regulatory guidance allows for ap-
proved methods to determine the effective dose equivalent for
compliance with regulatory dose limits among medical staff
associated with FGI procedures (14,19). The approved meth-
ods modify the operational quantity of a measured personal
dose equivalent at a reference depth of 10 mm to account for
the additional protection afforded by the leaded apron when
estimating the protection quantity of effective dose equiva-
lent (20,21). For workers monitored with the one-badge pro-
tocol, the following equation was used to calculate the effec-
tive dose equivalent:

Hy =03xH ,(10) (1),

collar

where H, is the effective dose equivalent and H/7 (10) ., is
the personal dose equivalent at a reference depth of 10 mm
measured at the collar level above the lead apron. For workers

monitored with the two-badge protocol, we used the equation

Hy =15xH,(10),,,, +0.04xH , (10),,, @,

waist

where H/(10),.. s the personal dose equivalent at a reference
depth of 10 mm measured at the waist underneath the lead
apron.

Exclusion Criteria

Exclusions were applied to each of the 2054648 entries. We
excluded entries in which it was not possible to ascertain the
effective dose equivalent. That is, for entries of a one-badge pro-
tocol, the above-apron badge must have registered a dose above
the lower limit of detection (LOD) of 0.02 mSv. For the two-
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Salasky (25). Badge entries with dose readings that

for all years for all years did not meet the expected relationships were ex-
h = 687,912 N=1366736  (Juded from all subsequent analyses.
n= 123,595 i . o .
Exclude if one of the two badges Inclusion Criteria for Reporting of Monthly and
required to assess H_ is missing
Annual Data
o = 335225 Exclude if above-apron = 916.563 We limited our study to workers on a monthly
: collar badge : monitoring exchange because they likely represent
is below the lower LOD the group with the highest exposure. Workers in-
: I cluded in our monthly data analysis had 12 entries
n=76,059 | Excludeentries where relationship before exclusions and a badge issuance date for
between collar and waist K K
readings indicate errant use each month of the year. To be included in our an-
7777777777777777777777777777777777777777777777777777777777 nual data analysis we required that a worker have
Exclude entries f 12 valid monthly entries for that year.
n= 52,361 XCluae entries frrom n= 195,998 . . _
participants not on a monthly For workers monitored with the two-badge
badge exchange program protocol, we report two sets of dosimetry values.
e The first set of values included all eligible data.
The second set of values required that workers
n= 79,853 Excrltﬁ’qe erltriles ;‘_’c’m n = 157,593 recorded a value above the lower LOD in the un-
participants lacking .
full year data der-apron badge in the mon.thly data set, and for
the annual data set we required that they consis-
(@ (@ tently (=9 months of the year) recorded a value
I greater than the lower LOD. We analyzed the
Two-badge Two-badge One-badge Two-badge doses in this restricted group, who represent the
entries included entries included entries included entries included highest exposed, to better understand what the
for annual for monthly for monthly for annual L. R
dosimetry dosimetry dosimetry dosimetry radiation safety office may expect if they elected
n=20,819 n = 100,672 n = 254,175 n = 96,582 to switch from a two-badge to the more conser-

Figure 1:

(LOD) is 0.02 mSv. Entries below the dotted line are judged to provide informative data on occupa-
tional doses within the fluoroscopic suite; however, not all of these entries were included in our analysis
of monthly or annual doses either because the workers were not on a monthly exchange protocol or

they lacked a full year of reliable doses, respectively. H, = effective dose equivalent.

badge protocol, we excluded entries in which one of the badges
was not returned or if the above-apron badge registered a dose
below the lower LOD (Fig 1). The latter values were excluded
because medical staff who routinely work inside the fluoroscopic
suite when the fluoroscope is actuated are expected to have a
measurable above-the-apron badge dose (4,22-24). Additional
exclusions were made on the basis of the expected relationship
between the dose readings registered by the above- versus under-
apron badge. By using criteria reported by Yoder and Salasky
(25), the expected relationships indicating proper wear of the
badges are as follows:
1. The [—[P (1 O)MM—to—HP (10),,,, ratio should be greater than
4. A ratio of 4 or less is expected if the badge locations are

reversed or if the badges are inconsistently used.
2. The HP (10) —to—Hp (10),,., ratio should be less than 200.

A ratio of 581(7) or greater would indicate that the under-
apron badge is worn inconsistently.

3. The difference between the Hp (10),,,. and Hp (10),..
should be greater than 0.05 mSv. A difference of 0.05
mSv or less is expected if badge locations are reversed.

Under-apron readings below the lower LOD were set to 0.01
mSv to avoid division by 0 solely for the purposes of evaluat-

ing the mentioned ratios, following the methods of Yoder and
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vative one-badge protocol.

Flowchart of selection of badge entries used to report monthly and annual dose values.
The numbers reported are the sum of all years, 2009, 2012, and 2015. The lower limit of defection

Statistical Analysis

Monthly and annual data of occupational doses
were described by using univariate statistics (eg,
median and interquartile range) and box-and-
whisker plots. When appropriate, the Wilcoxon
rank sum and Kruskal-Wallis test were used to compare distri-
butions. The significance of all statistical tests was assessed with
95% confidence levels (o = .05). All analyses were performed
by using statistical software (Matlab and the Matlab Statistics
and Machine Learning Toolbox; Mathworks, Natick, Mass).

Results

In 2009, we collected information from 1200 institutions.
Of these 1200 institutions, 473 (39.4%) used the two-
badge protocol, 392 (32.7%) used the one-badge protocol,
and 335 (27.9%) used a combination of both protocols to
monitor and assign the effective dose equivalent. By 2015
the number of institutions in our data set increased to 1589,
with a growing number of institutions choosing to moni-
tor their workers by using the one-badge protocol. Of the
1589 institutions in 2015, 204 (12.8%) used the two-badge
protocol, 649 (40.8%) used the one-badge protocol, and
736 (46.3%) used a combination of both protocols. From
2009 to 2015, the number of staff members monitored by
the one-badge protocol increased by nearly threefold (from
31382 to 92640), whereas the number of staff monitored
with the two-badge protocol increased by nearly twofold
(from 18609 to 33029).
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Of the two-badge protocol data, we excluded 25.2% (44 829
of 177665) and 27.5% (78766 of 286328) of entries for the
years 2009 and 2015, respectively, because of failure to return
both badges. The two-badge data for 2012 originated from a
previous database query that had already excluded incomplete
badge pairs. For all years, 59.4% (335225 of 564317) and
67.1% (916563 of 1366736) of two-badge and one-badge
protocol entries, respectively, had dose readings below the lower
LOD that prevented the calculation of the effective dose equiva-
lent. Overall, 76059 of the two-badge entries had readings indi-
cating incorrect wear of the badges. From 2009 to 2015, the pro-
portion of two-badge entries excluded because of improper use
decreased from 38.4% (22308 of 58084) to 29.3% (23179 of
79166). The remaining 603206 entries, or 29.4% (603206 of
2054 648) of the original data set, were judged to provide infor-
mative data on occupational doses within the fluoroscopic suite,
but only 58.8% (354847 of 603206) were part of a monthly
exchange program. Occupational doses for individuals moni-
tored on a quarterly exchange program are provided in Tables
E1-E3 (online). Of the monthly entries, only 33.1% (117401
of 354 847) were used in the estimates of annual doses. Incom-
plete annual data are a natural occurrence because of staff enter-
ing and exiting employment at an institution during the year.

In Table 1, we report monthly lens dose equivalent and effec-
tive dose equivalent values. Regardless of protocol, the lens dose
equivalent is the measured #/ (3) by the badge worn above the
apron at the collar level and not at or adjacent to the eye. Median
monthly doses of the lens dose equivalent were 0.29 and 0.30 mSv
for the one-badge and two-badge protocols, respectively. Median
monthly doses of the effective dose equivalent were 0.09 and 0.01
mSv for the one-badge and two-badge protocols, respectively. We
did not observe a change in the monthly lens dose equivalent and
effective dose equivalent values from 2009 to 2015.

The annual dosimetry data are reported in Table 2 for staff
with a full year history after exclusions. Although annual lens
dose equivalents for workers monitored with one badge (me-
dian, 6.91 mSy; interquartile range, 3.81-13.8 mSv; 7 = 6218)
were similar to those of workers monitored with two badges
(median, 7.12 mSv; interquartile range, 4.63—11.2 mSv; 7 =
1449) (P = .18), annual reported effective dose equivalents were
greater among workers who were monitored with one badge
(median, 2.07 mSv; interquartile range, 1.14—4.10 mSv) versus
two badges (median, 0.37 mSv; interquartile range, 0.22-0.76
mSv) (P <.001) (Fig 2). We did not observe a significant change
in measured radiation levels from 2009 to 2015 for workers
who used ecither the one-badge (P = .96) or two-badge (P =
.23) protocol. In our data set, 74.8% (1084 of 1449) of work-
ers monitored with the use of a two-badge protocol consistently
(=9 months of the year) registered a dose below the lower LOD
in the under-apron badge. When we restricted our analysis to
workers who consistently recorded a value above the lower LOD
in both badges (11.6% of all workers; 168 of 1449), the median
annual reported doses were 26.74 mSv and 3.21 mSv for the lens
dose equivalent and effective dose equivalent, respectively.

In our data set with 9747 person-years of data, only two work-
ers (workers A and B) exceeded both the annual occupational
dose limit of 50-mSv effective dose equivalent and 150-mSv lens
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dose equivalent (Table 3). One additional worker (worker C)
exceeded the lens dose equivalent without exceeding the effective
dose equivalent limit. For workers A and C, the high dose values
can be attributed to a single elevated monthly reading well above
their remaining 11 readings of the year. Current recommenda-
tions by the International Commission on Radiological Protec-
tion limit the lens dose equivalent to 20 mSv in a single year or
100 mSv in 5 consecutive years, with no single year exceeding
50 mSv (26). In our data set, 15.3% (1494 of 9747) of the time
workers with full-year dosimetry exceeded a lens dose equivalent
of 20 mSy, 2.8% (271 of 9747) for the 50-mSv limit recom-
mended by the National Council on Radiation Protection (27),
and 0.03% (three of 9747) for the 150-mSv limit per year set
by the Standards for Protection Against Radiation in the United
States (19) on the basis of a measurement of ]{p (3) taken at the
collar level.

Discussion

In this study, we summarized badge doses collected from
257221 U.S. medical workers performing fluoroscopically
guided imaging (FGI) procedures during 3 recent calendar
years. For medical staff routinely working inside the fluoro-
scopic suite while the fluoroscope is actuated, it is expected
that a positive reading of dose be recorded by the above-apron
badge (4,22-24). The large portion of above-apron readings
below the lower limit of detection (LOD) could be explained
by increased surveillance among individuals who are not re-
quired to be in the procedure room or, more problematically, a
failure to wear one or both badges (24,28-30). Among medical
staff monitored with the two-badge protocol, increasing aware-
ness of occupational radiation risks and radiation protection
training (6) may have contributed to the decline we observed
in incorrect or erroneous wear of the badges.

A collar level measurement of personal dose equivalent at a
reference depth of 3 mm approximates the dose to the lens of
the eye; however, it does not account for spatial dose gradients or
the reduction in dose from additional personal protective equip-
ment used by some of the medical staff (eg, protective eyewear).
‘The range of mean annual lens dose equivalent values (data not
shown in tables) in our data set among workers with a full year of
data were 10—12 mSv depending on the year and badge moni-
toring protocol. For the group of workers who consistently re-
corded a value above the lower LOD in both badges, the range
of mean annual lens dose equivalent increased to 32—40 mSv.
Our values are comparable to published values of dose to the lens
of the eye, which ranged from 4.1 to 45 mSv for interventional
radiologists and from 1 to 247 mSv for interventional cardiolo-
gists, with mean values of 4.01 mSv = 2.36 (standard deviation)
and 19.6 mSv * 12.59 for nurses and interventional cardiolo-
gists, respectively (31-33). Mean dose values in our sample are
higher than reported values for general medical workers in the
United States (mean, 0.74 mSv vs 0.75 mSv for 2003 vs 20006,
respectively) (34). Continued radiation protection training and
the use of protective eyewear may help reduce the percentage of
medical staff exceeding a lens dose equivalent of 20 mSv to no
more than the 12.5% predicted by Pekkarinen et al (35) or the
5% reported by Szumska et al (36).
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Table 1: Monthly Lens Dose Equivalent and Effective Dose Equivalent Values

Lens Dose Equivalent Based on Hp (3) (mSv) Effective Dose Equivalent, /, (mSv)

Parameter Monthly Entries  Median 95th Percentile Median 95th Percentile
One-badge protocol
2009 63297 0.28 (0.13-0.71) 2.77 0.08 (0.04-0.21) 0.83
2012 88695 0.29 (0.11-0.77) 3.01 0.09 (0.03-0.23) 0.90
2015 102183 0.29 (0.11-0.77) 2.90 0.09 (0.03-0.23) 0.87
All years 254175 0.29 (0.11-0.75) 291 0.09 (0.03-0.23) 0.87
Two-badge protocol; under
apron badge below lower
LOD*
2009 20669 0.30 (0.15-0.60) 1.40 0.01 (0.01-0.02) 0.06
2012 30539 0.31 (0.15-0.64) 1.43 0.01 (0.01-0.03) 0.06
2015 29384 0.30 (0.14-0.62) 1.38 0.01 (0.01-0.02) 0.06
All years 80592 0.30 (0.15-0.62) 1.40 0.01 (0.01-0.02) 0.06
Two-badge protocol; under-
apron badge above lower
LOD*
2009 4882 1.30 (0.66-2.69) 7.21 0.21 (0.12-0.37) 0.94
2012 8206 1.34 (0.66-2.76) 7.74 0.18 (0.11-0.34) 0.89
2015 6992 1.42 (0.71-2.94) 7.57 0.19 (0.11-0.35) 0.96
All years 20080 1.36 (0.67-2.81) 7.55 0.19 (0.11-0.35) 0.92

Note.—Data in parentheses are interquartile range. Data are monthly lens dose equivalent and effective dose equivalent (#,) values for the
one- and two-badge protocols. Hp (3) = personal dose equivalent at a reference depth of 3 mm, LOD = limit of detection.
* Lower limit of detection, 0.02 mSv.

Table 2: Annual Lens Dose Equivalent and Effective Dose Equivalent Values
Lens Dose Equivalent Based on H] 3)
(mSv) Effective Dose Equivalent, /7, (mSv)

Parameter No. of People ~ Median 95th Percentile Median 95th Percentile
One-badge protocol

2009 2008 7.21 (3.96-13.8) 40.5 2.16 (1.18-4.10) 12.2

2012 2836 7.07 (3.92-14.4) 40.7 2.12 (1.17-4.31) 12.2

2015 3189 7.14 (3.85-14.9) 39.3 2.14 (1.16-4.45) 11.8

All years 6218 6.91 (3.81-13.8) 39.7 2.07 (1.14-4.10) 11.9
Two-badge protocol

2009 382 6.87 (4.63-10.9) 27.0 0.36 (0.20-0.70) 3.21

2012 703 7.60 (4.57-12.0) 30.4 0.38 (0.22-0.77) 3.89

2015 629 6.86 (4.61-10.6) 31.7 0.35 (0.21-0.71) 3.73

All years 1449 7.12 (4.63-11.2) 29.5 0.37 (0.22-0.76) 3.66
Two-badge protocol; under-

apron badge =9 moly

above lower LOD*

2009 35 29.0 (17.6-54.5) 125 3.50 (2.27-5.17) 15.1

2012 79 25.2 (17.2-41.5) 120 3.41 (2.47-5.20) 10.7

2015 76 27.0 (17.2-40.3) 79.5 2.92 (2.00-4.93) 8.78

All years 168 26.7 (17.0-42.4) 92.9 3.21 (2.16-5.00) 10.0
Note.—Data in parentheses are interquartile range. Data are annual lens dose equivalent and effective dose equivalent values for individuals
monitored by using either a one- or two-badge protocol on a monthly exchange with a complete year of dosimetry. # (3) = personal dose
equivalent at a reference depth of 3 mm, LOD = limit of detection.
* Lower limit of detection, 0.02 mSv.
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Figure 2: Box-and-whisker plots show (@) annual lens dose equivalent and

(b) effective dose equivalent among workers monitored with a one-badge (n=
6218) and two-badge (n = 1449) protocol. The ends of the box are the upper
and lower quartiles.

Table 3: Number of Annual Doses

Protocol

Parameter One Badge Two Badges
No. of person-years 8033 1714
Lens dose equivalent

>150 mSv* 3 0

>50 mSv 233 38

>20 mSv* 1337 157
Effective dose equivalent

>50 mSv* 2 0

Note.—Data are number of annual doses for workers monitored
on a monthly exchange exceeding regulatory limits and suggested
limits by scientific advisory bodies.

* U.S. regulatory limit from Code of Federal Regulations 10
C.ER. §20.1201 (19).

7 Suggested limit from the National Council on Radiation Pro-
tection (27).

# Suggested limit from the International Commission on Radio-
logical Protection (26).

On the basis of similar lens dose equivalents measured by
the above-apron badge, the selection of the monitoring proto-
col does not appear to be informed by the radiologic conditions
staff encounter. The differences in the effective dose equivalents
arise primarily from the different formulas to assign the effective
dose equivalent allowed by regulatory agencies. A review of the
formulas seems prudent to enhance the comparability of the two
monitoring methods. Making use of Equation 1 to assign the ef-
fective dose equivalent for the highest exposed group of workers
monitored with the two-badge protocol would increase their ef-
fective dose equivalents by no more than a factor of 3; the result-
ing doses would still be within regulatory limits in the United
States. This is an important finding because we observed that
an increasing number of institutions use the one-badge protocol
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over the two-badge protocol. As more people are monitored with
the one-badge method, the recorded effective dose equivalent
values in the dosimetry records are expected to increase solely
because of the differences in the formula used. We speculate that
lower costs and greater simplicity in implementing a one-badge
protocol may be contributing to the increasing use of the one-
badge protocol.

Limitations of our study include our inability to link doses
across institutions for staff practicing at multiple sites during
a given year. Medical staff are believed to assist or perform
FGI procedures on the basis of their badge analysis profile;
however, it is possible that a portion of their occupational
dose comes from procedures and studies that do not involve
the use of fluoroscopy and we were unable to separate this
contribution to dose. We were also unable to report on the er-
roneous use of badges worn by medical staff monitored with
the one-badge protocol; however, given the reduced complex-
ity of the one-badge protocol, the rate of erroneous use is
likely smaller than that of the two-badge protocol. Moreover,
we could not report dose readings on the basis of job title
because this information is not recorded in the Landauer da-
tabase. Lastly, we queried the Landauer database for a period
in which there was an increasing effort to promote a culture
of radiation protection (6). During this period, we observed
changes in the numbers of staff monitored and the protocol
selection, and a decrease in rates of errant wear; however, our
short period may have precluded us from observing trends in
occupational doses over time. Thus, a longer follow-up may
be required.

In conclusion, workers who perform fluoroscopically guided
interventional procedures are exposed to elevated levels of ioniz-
ing radiation, although their occupational doses are within U.S.
regulatory limits. This is a population that requires consistent
and accurate dose monitoring; however, failure to return one or
both badges, reversal of badges, and improper badge placement
are major hindrances to this goal. Because we did not have infor-
mation on job titles, future studies should focus on the physician
operators who are nearest to the radiation source and likely have
much higher annual doses than other staff members.
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