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‘B-Readers’ and Asbestos Medical

Surveillance

Alan M. Ducatman, MS, MD; CDR William N. Yang, MD, MPH; and Samusl A. Forman,

™MD, MPH

#B.readers” certified In Internatiopal Labor Office meth-
odology interpret large aumbers of randooily distributed as-
bostos medical surveillance roentgenograms of [JS Navy em-
ployees. Apalysis of 83 participating clhservers, interproting
more than 105,000 radiographs, demonstrated a 500-fold prev-
alence range of perceived “definite” pulmonary parenchymal
abpormalities. There was &1 avident geogrephic component to
interpretation bhabits, with East and West Coast observers
more [lkely to interpret films as abnormal than observers from
the mideontinent. The most expert ohservers, & group who
instruct the course leading to National Institute for Occupa-
tional Safety and Hsalth certification in Intarnational Labor
Office methodology, also perceived fawer abpormalities than
other readers or coastal observers. Inatructors still exhibited
a savenfold provalence T8Uge of positive in terpretation. Under
usual surveillaoce conditions, the habits of B-readers appear
to have a major impact upon the disgnosis of asbestosis from
roentgenograns. Clertification in B-reading should not be the
only quality assurance for radiographic surveillance pro-
grams, medical decigion-making, epidemiologic comparisons,
nor related legal activities.

Auuiform gtandard for the classification of radiologic
changes of the preumoconioses hes been published'
and updated’ by the International Labor Office (ILO).
110 designations, intended for descriptive apidemiolagic
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purposes,” have also taken on increasing sociceconomic
{mportancs in compensation programs and legnl arenas.

US regulations require periodic chest roentgeno-
grams as part of asbestos medical aurveillance and
recently stipulated TLO intorpretations.’ Most asbestos
medical surveillance programs have long followed sol-
entific recommendations' for ILO methodology. Within
the ILO system, roentgenograms wore historically clas-
sified as follows: category 0, normal; category 1, aboor-
mal, few opactties; category 2, numercus opacities but
lung markinge visible; category 3, lung markings ob-
scured. Each category determination is followed by con-
sideration of a possible alternative so that 1/0 could
alternatively be normal but 1/1 and 1/8 are certainly
and progressively abnormal.' Category classiflcations
are now properly based upon comparisons to standard
films distributed by the ILO.

1n the United States, certification examijnations are
administered by the Natlonal Institute for QOccupational
Safety and Health (NTOSH). Those who pass have been
callod “B-readers,” and the proficiency examination
process has been generally deseribed.! TLO methodology
has received excellent quality assurance testing in 8
pumber of settings, particularly for coalworkers' pneu-
moconiosls. Studies have characterized intre- and inter-
observer varisbility with multiple blinded readings of
the same roentgenograms,’ but have not characterized
how variability affecta a large medical surveillance pro-
gram. The US Navy's Asbestos Medical Surveillence
Program (AMSF), employing clvilian B-readers for
more than 30,000 radiographs yearly, permits investi-
gstion of interpreter habits in a practical surveillance
setting.

Metheds

Three-year contracta have been awarded since 1978
to independent, certified civilian B-readers based on
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petitive bids. No B-reader was removed from partic-
pation py the Navy during the study period, although
.gveral gither participated in only one of the contracts
or 0180 removed themselves from participation during a
gontract. This is reflected in the numbers of roentgen-
agrams interpreted by each reader.

Single view radiographs were taken acccrding to
,pecmcations designed for the detection of pneumocon-
Loses.” Radiographic techniques of individual clinics
wera reviewed by an experienced B-reader. Roentgeno-
graphs received initial interprotations at site clinics in
order to rule out acute processes. The Navy Environ-
mental Health Ceater then assigned, on & random se-
quential baais, packets of 50 to 200 radiographs from
Jocal clinics to B-readers. Films were digtributed with-
out regard to geogmphlc convenience, so that observers
wera as likely to interpret films from distant as from
nearby sources. Available data do not permit analysis
of initial film randomization. Randomization can be
ghown to have worked adequately for persons who have
remained in the program long enough to obtain more
than one roentgenogram; follow-up fllms of enrollees
through the yeors of the study were not more likely to
be sent to the initia} interpreter. Each film was read by
only a single B-reader, who Was deliberately blinded
from demographic {pformation and from the results of
previous radiographs.

B-resders could reject technically fiawed roentgeno-
grams. Of the submitted films, 5.4% were rejected; these
were ropeated and randomly reassigned. Interpreta-
tions coded in ILO format were checked for completeness
and internal inconsistencies. Incomplete or internally
{nconaistent forms were reinterprated by the same B-
reader. This study dealt only with coded parenchymal
findings; 1/1 was taken 1o mean that the B-reader was
certain of a parenchymal abnormality.

Summary data pertaining to sach worker's most re-
cent radiograph were collected for each participating
B-reader and assigned to geographic areas depending
on reader residence in a state with a Pacific or Atlantic
constal border. Residence in other states was termed
“mijdcontinent.” “Instructors” were defined aa individ-
uals who teach the course leading to NIOSH “B-reading
certification” in ILO methodology.

Resuits

Table 1 summarizes B-readers’ categorization of pa-
renchymal findings on the most Tecent radicgraph of
105,029 individuals. There is a mora than 300-fold prev-
alence range of “definite” (=1 /1) parenchymal opacifi-
cations (0.03% to 7.56%). One outcome of this variation
is shown in Table 2. This summarizes data with and
without the contributions of a single observer (H, who
read 4.4% of sll submitted roentgenograms, yet contrib-
uted 33% of films categorized =1 /1 and more than half
of those classified as =2/1). Similar comparisons for
other resders can be simply performed and give less
dramatic results.
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TABLE 1
B-Readers’ Classification of Most Recent Radiograph
No. of
B-Reader Roentgan- =1/0 (%} z1/1 (%} 221 (%)
ograms

1,885  100(5.30) at (164 2(0.11)
5476  33(060) 12{022) 5(0.09)
5,701 3 {0.05) 1{002) 0{000)
6us6  175(2.89) go(1.32) 14(0.23)
4475  44(099) 23{051)  4(0.09)
4821 73 (1.51) 45(083) 13{027)
4137 13{031) 11027  2(0.085)
448 508(10983) 3510755 120 (2.58)
ses1  130(228)  29(05) 11002
c779 570989 ° wfoan  1(002)
4457  48(1.09) 13{029) 5(01)
4741 B1(17) 42088 6(0.14)
5331 107 {2.01) 52{097) 15{0.28)

1777 18 (1.07) 5(028) 1{0.08)
5,015 17 {0.34) 9(0.18)  11{0.02)
5,922 276 (4.66) 45(0.78) 5 (0.08)
4533 8{0.18) 4{0.09) 2(0.04)

4383  150{3.42) sa(21)  12(0.27)
4627  30{0.85) 15 {032)  0(0.00)
4262  190(4.46) 54(1.27) 8007
4686 130277 677N 5(0.11)
sg85 242(518)  19({254) 12{026)

2<C-4MIDTOZ§PZ“"IO“NOOW>

1,936 48 (2.48) 25 {1.29) 3(0.15)
TABLE 2
Summary Classification Qutcomes and Effect ol a Single B-Reader on
Asbastos Medical Surveilance
No. of
Readsr "'g‘:"‘: =1/0 (%) =%z (%)
prams

H 20M5  508(1093)  351(755) 120(258)
Others 100,381 1972(197) 715071 112{0.11)
TOTAL 105020 2,480 (236) 1,066 (1.01) 232 0.22)

Geographic variations are ghown in Table 8. Obgerv-
ors from Pacific states read (=1 /1) parenchymal abnor-
malities four times more often than readers from the
midcontinent; this ratio dropped from 4.5:1 to 1.8:1 when
the outlying B-reader’'s contributions were discarded.
Fastern seaboard B-readers read definite parenchymal
abnormalitios about twice a8 often as midcontinent read-
ers (2.1:1). Comparison between & gingle Pacific Coast
city (26,118 roentgenograms) and & midcontinent city
(15,296 roentgenograms) reveals 1.97% snd 0.20%
=1/1, respactively (not sbown in tables) for a ratlo of
9.9:1.

Instructors of the NIOSH certifying examination were
heavily represented among the sample. Six instructors
classified from 0.17% to 1.290% of roentgenograms a3
having definite opacifications. Table 4 shows that non-
instructors categorized films as =1 /1 substentially more
often than instructors. Geographlc variation is not due
to msldistribution of films to the more congervative
jnstructors in any region; their film interpretations
were distributed in the three regions in proportions
very close to all readers.

Differences among regions are far less marked for
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TABLE 3
Geographic Summary af Classificalion Quicomes
No. ol
Reader ‘;‘;:’:_‘ =1/0 (%} =1 (%) 22 1{%)
grams
East 47,284 962 {2.33) 316 {0.91) 51 (0.12)
Midcontinent 36,736 321 (0.87) 161 (0.44) 32 {0.09)
Pacific 26,999 1,197 (4.43) 529 {1.96) 149 (0.55)

(22.351)" (689" (3.08) (178) (0.80) (28" (013)

+ pacific B-readers without the contributions of a single reader.

TABLE 4
Instructors’ and other B-Readers’ Categonzation of Asbestos Surveltance
Radiographs
No. of
Reader Roent- -
Group geno- =1/0 %) =1/1{%) =2/1 (%)
. grams
Instructars 27,732 531(1.92) 159 (0.57) 26 (0.08)
Others 77.297 1,949 {2.52) 997 (1.17) 206 {0.27)

category £ and 3 parenchymal opacities. Readers from
different regions more closely resembled each other and
the instructors in perception of these more serious
categories, particularly when the contributions of one
B-reader (H) were discounted.

The cutoff chosen for comparisons among observers
{s arbitrary. Table 1 shows that decreasing the degree
of severity from 1/1 to 1/0 decreases the prevalence
range of perceived abnormalities. The range diminishes
from a77-fold (=1/1) to 219-fald (=1/0). The same
change increases the perceived prevalence range among
instructors from seven-fold to 15-fold, however. It also
increases the apparent differences among regions, with
Eastorn Seaboard readers viewing 2.66 times and West-
ern Seaboard readers viewing 5.1 times more films with
parenchymal changes 21/0 than midcontinent readers
(Table 3).

Discussion

These are inferential data. No two observers were
interpreting the same film, and the findings do not
directly measure interobserver variability. The very
large size of the distributed pool and its randomization
scheme minimize the possibility that individual B-read-
ers were regarding populations with different risks or
groups of roentgenograms of substantially different
guality. Follow-up films were adequately randomized;
initial films were distributed by the same mechanism.
Although the data lack some precision, the range of
findings decument a distressing impact of B-reader hab-
its.

Contralled studies of interobserver variability in
roentgenographic surveillance for preumoconioses have
shown up to threefold variations in ILO classification in
abrormal categories.” '" The actual effect under routine
medical surveillance conditions appears far larger. To
spmmarize, 23 B-readers evaluated randomly distrib-
uted roentgenograms of more than 100,000 people and

perceived parenchymal abnormalitiss =1 /1 between
0.02% and 7.56% of the time, a 377-fold renge. Arhj
trary exclusion of the outermost readers (C and H;
reduces the range to 28-fold, still striking for a survei).
lance pracedurs, Although the inferred habits of 23 B.
readers may not be representative of the more than 450
currently on the approved NIOSH list, the outer range
of interpretation outcomes could only widen if more
readers were included.

Interpreter geography appears te play a role in syr-
veillance outcomes. East and West Coast readers per-
ceived deflnite (1/1) abnormalities an average of thres
times as often as their colleagues from the midcontinent.
Comparison bstween iwo cities, involving more than
40.000 roentgenograms, showed a ninefold average dif-
farence in positive interpretations. An evident question
is whether local or regional habits may supercede the
standardization efforts of B-reader training and certi-
fication.

Decreasing the degree of certainty for abnormalities
from 1/1 to 1/0 does little to improve the picture. The
range of habits is still jnferred tc give positive interpre-
{ations over a 200-fold prevalence range. The apparent
differences among regions actually enlarge slightly.

There is no gold standard for B-reading in surveil-
lance settings. Instructors of the NIOSH certification
examination are presumably the most expert; their
babits may constitute a relative standard for the eval-
uation of surveillance outcomes, Instructors read 26.4%
of Navy fllms but found oaly 14.8% of definite (=1/1)
parenchymal abnormalities. Among geographic groups,
midcontinent observers most closely resembled instruc-
tors for these definite interpretations. The relatively
conservative habits of the most expert observers hes
been previously documented in controlled interreader
comparisons of coal miner films,'* and is again conflrmed
in this large sample. Among Instructors, thers ia still &
sevenfold range of definite {(Z1/1) positive findings,
which increases to 15-fold at the 21/0 threshold.

Surveyed workers and their physicians, attorneys and
others interested in legnl aspects of radiography, and
epidemiologista all need to understand some present
limitations of the B-reading art. Physicians and workers
need to distinguish between the pumerical precision of
the ILO claasification system, & valuable epidemiulogie
tool, and the subjective nature of what constitutes an
abnormal reading. Legal proceedings need to mccount
for the apparent wide range of certified observer thresh-
olds for the perception of abnormalities. Epidemiologists
need to consider that the lack of independent readings
in this inferred study of reader habits also mimics the
common study design in population research pertaining
to the radiography of asbestosis. Comparing putcomes
for populations using different observer(s) may be more
problematic than previously supposed.

At present, individual diagnoses, legal decisions, and
population assessments ought to rely on multiple road-
inga. Apparent differences between cities and regions
may indicate that the choice of additional readers aiso
requires some thought. Selecting observers whose habits
are continually monitered for approximation to a stand-
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- Critical Medical Devices List

! The Food and Prug Administration’s 1988 list of critical medical devices includes
182 products. The number of thess devices— which are intended to be surgically
implanted in the body or to support or pustain life, and whose fmilure could cause
significant injury to a patient—is up from 75 on the original 1978 list, The list is
“only illustrative” and does not necessarily include all devices that fall under the

critical device definition.

—From “The Notebook,” FDA Consumer,
1988;22(5)-30.
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