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BACKGROUND

Despite the care that has been given to interpretation, com-
petent observers have repeatedly encountered difficulties in
the consistent classification of radiographs. Researchers have
been aware of the variability present in the interpretation of
chest radiographs for many decades. As early as 1947,
Birkelo published a paper evaluating the prevalence of tuber-
culosis observed in chest radiographs.?

Shortly after this study was conducted, Garland published
a classic study on the scientific evaluation of diagnostic pro-
cedures. In this paper, Garland states that “‘though useful
when, as occasionally happens, the chest radiograph is used
as the sole examination, its reliability may be evanescent.”
He goes on to say in “‘nearly every activity that can be tested,
it has been repeatedly demonstrated that humans, even ex-
perts in a given field, exhibit enormous variations in their
ability to be consistent with themselves and others equally
competent in applying to mass-survey work. ... Conse-
quently, every day persons throughout the country are be-
ing informed that their chests are free from disease when,
in point of fact, they probably are not (and visa versa). This
results in false security on the one hand and needless alarm
on the other hand.”*?

The purpose of this paper is to discuss the public health im-
plications of the reliability of the ‘“B’’ reading program, that
is, the ability of different ““B*’ readers to accurately and con-
sistently reproduce findings during repeated examination of
radiographs of people with disease of known or unknown
status. For example, when a problem with pneumoconiosis
is suspected, films may be submitted to one or several readers
for interpretation. If multiple readers agree, then it is likely
that their interpretation is correct. It is possible that readers
may agree and still be incorrect in their interpretation. If
agreement is low, then the usefulness of the interpretation
is suspect.

METHODS

The issues on which this paper is based arose from a call
received by the Minnesota Department of Health (MPH) in
January, 1985, from a ““B’’ reader and radiologist (Reader
1) in northern Minnesota. This is an area that has historical-
ly had many problems related to asbestos in mine tailings.
The radiologist stated he had found diffuse and/or cir-
cumsctibed pleural thickening in approximately 30% of 500
sequential chest radiographs taken during the preceding two
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months in his clinic practice. Subsequent review of the films
by MDH staff led to consultation with the National Institute
for Occupational Safety and Health (NIOSH).

At the request of the MDH, a *‘B"" reader (Reader 2) from
NIOSH came to Minnesota to review these findings. Reader
2 reviewed 259 films interpreted by Reader 1 and 310 films
from other regional clinics. Reader 2 confirmed the apparent
increase in pleural changes seen by Reader 1 and noted
similar increases in other regional clinics. Because of the con-
firmed increase, two additional radiographic evaluations were
arranged.

Five hurdred and sixty-six films were transported to Reader
3, a pulmonary physician and experienced “‘B’’ reader in
New York City. Following this third reading, the films were
shipped to NIOSH in Morgantown, West Virginia. At
NIOSH, the films were randomly allocated in equal numbers
among ten blocks. Negative and positive control films were
added s0 there were 100 films per block. Positive control
films were selected for the presence of pleural changes. Films
were then interpreted independently by three readers who
had been selected from a panel of five readers. The trial was
a randomized incomplete block design with each of five
readers being assigned six blocks and each film read a total
of three times. Films were read in Morgantown, and readers
were unaware of the origin of the films. Except for Reader
1, all readers interpreted the films according to the 1980 In-
ternational Labor Office (ILO) classification system. Reader
1 interpreted films only for pleural changes.

ANALYSIS AND RESULTS

A kappa statistic was used to measure concordance between
Readers 1 through 3. Concordance was not measured in this
way between members of the NIOSH panel because of the
large number of possible combinations. This statistic
measures agreement between readers and simultaneously ac-
counts for agreement due to chance. A kappa statistic is con-
tinuous and ranges between —1 and + 1. A statistic of 0 or
less represents poor agreement and a statistic of +1 reflects

complete agreement.3

As seen in Table I, concordance between Readers 1 and 2
was moderate (kappa = 0.58) for the presence of any pleural
thickening. Readers 2 (NIOSH consultant) and 3 (New York
reader) agreed on 70 films being positive for pleural changes
and the kappa statistic was 0.39, once again indicating a
moderate degree of concordance (Table ITI). However, when



Table I

Presence of Pleural Thickening: Concordance
Between Readers 1 and 2

Pleural Thickening (Second Reader)

Pleural Thickening
{First Reader) Absent Present Total
Absent 7 314 3 39 120 (44.3)
Present 210 197 (4L3) 1% (5A7)
Total 129 (53 1% (50.7) 159 (100.9)
*Percent
KEAPPA = 8.3

Table II

Presence of Any Pleural Changes: Concordance
Between Readers 2 and 3

Meural Thickening (Third Reader)
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ly from reader to reader. The number of negative control
films (n=400) read as negative (i.e., specificity) was 98%
or more for all readers.

Data from the control films were used to estimate the condi-
tional probability of a film being positive given zero, one,
two, or three positive readings (Table VI). The.value for
*“II"’ represents the approximate probability of a film being
positive if it was drawn at random from the batch of all Min-
nesota films. The value for ‘‘p1”* represents sensitivity and
the value for **p2°’ represents specificity. For this trial, we
see that the conditional probability of a film being positive
for any pleural changes given zero, one, two, or three
positive readings (under the conditions of this trial) was

Table III

Pleural Plaquing*: Concordance Between
Reader 2 and Reader 3 Bilaterally

Peural Plaquing (Third Reader)

Pleural Thickening e uing Unilateral Unilateral
" {Second Reader) : B .
1Second Reader: Absent Present Total None Left Right Rilateral  Totai
Absent i35 13 13 364654 None 39 1 6 1 101
Cnilateral .
Present 1215 axh 189D Left i7 3 o " 20
_ Unilaterai
Total 170(35.0) %3 (15.0) 5. Right 17 1 s | -
* Pe ' Bilateral
** Excludes L3 MIms rated as not readable. 7 ] 10 14 113
KAPPA = 0.3%
Total . ;
1] 13 20 16 53

pleural plaquing and diffuse pleural thickening were exam-
ined by side (Tables III and IV), concordance was poor, with
a kappa statistic of 0.26 and 0.20 respectively. Thus under
more stringent criteria, agreement appeared to diminish
considerably.

According to Readers 1 and 2, approximately 70% of males
and 25% of females from Reader 1’s clinic had pleural ab-
normalities. The proportion of males and females read as
positive varied considerably between Readers 2 and 3.
Overall, Reader 2 noted 54% of males and 15% of females
had pleural abnormalities. Reader 3 found 25% of males and
5% of females had pleural abnormalities. The NIOSH readers
found 8% of males and less than 1% of females positive for
pleural changes. These differences between readers were
statistically significant using McNemar’s test.?

Table V shows the number of Minnesota films read as
positive by zero, one, two, or three of the NIOSH (Morgan-
town) readers. A total of 24 (4.2%) of the Minnesota films
were read as positive by at least two readers. In addition,
the number of positive control films (n=34) read as positive
(i.e., sensitivity) was approximately 55% but varied slight-

* Only includes plaques noted on the chest wall
KAPPA = 0.26

Table IV

Diffuse Pleural Thickening: Concordance Between
Reader 2 and Reader 3 Bilaterally

Diffuse Thickening {Third Reader)
Unilateral  Unilaterai

Diffuse Thickening

(Second Reader) Nome  Left Right Bilateral  Total
None 03 4 1 1 9
Cnilateral 10 3 0 ] i4
Left
Unilaterai

9
Right ! i " ! !
Bilateral 19 1 1 ] pa |
Total £39 ) 3 2 553
KAPPA = 1.20
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Table V

Number of Films with Zero, One, Two, or Three Positive
Readings for Pleural Changes*

Categorv of Film Readin

Zero One Two Three

Number 136 +i 14 10

*NTOSH rcaders only.
Sixty two unread [ims are not counted.
tN = 266, including unread flms»

Table VI

Probability of a Film Being Positive Given Zero, One, Two,
or Three Positive Readings for Pleural Changes*

Number of Positive Readings

'n‘ow

l =055 0.01 036 0.97 ~1.0

NIOSH rcaders only.,

0.01, 0.36, 0.97, and approximately 1.0 respectively. It
should be noted that values for I, sensitivity, and specifici-
ty are dependent upon the mix of positive and negative
radiograph readings.

In order to further evaluate the reasons for the variability
observed in the NIOSH trial, logistic regression procedures
were used with the absence and presence of pleural changes
coded 0 and 1 respectively. Independent variables used in
the prediction equation were age (<60, > 60), sex, paren-
chymal opacity profusion (two levels, <0/1 and > 1/0), and
the presence of other pulmonary abnormalities (two levels:
none, any). The regression mode! fit well and there were
no significant interaction terms. Assumptions required for
logistic regression were satisfied. The summary odds ratios
and 95% confidence intervals for each of five NIOSH readers
are presented in Table VII. For example, Reader 1 was 5.5
times more likely to find evidence of pleural changes if the
film being interpreted had evidence of parenchymal opacities
of 1/0 or greater compared to films with opacities rated 0/1
or less. As seen in this table, age and sex did not influence
radiograph interpretation for pleural changes. However, for
some readers, profusion and/or the presence of other diseases
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Table VII

Odds Ratio and 95% Confidence Intervals for Four
Factors Used in Predicting the Presence or Absence of a
Positive Reading for Pleural Disease

Factor

Reader  Age Sex Profusion (ther Abnormalities
1 NS NS 33 (L6 18.6) 46 (L5 139
2 NS NS A% 5
3 NS NS N§ 34 115 10
4 NS A 26.117.7. 88 NS
= NS NS NS 4.7 (L 18.D)

* Not signilicant.

appeared to exert a moderate to strong influence on the in-
terpretation of films for the presence of pleural abnormalities.

DISCUSSION

Many studies have been published evalating factors that af-
fect the interpretation of radiographs. These factors include:
film quality, subject age and weight, presence of disease,
and reader.+10

Liddell found that film quality tended to be higher for
radiographs of men with no evidence of coal worker’s
pneumoconiosis and to decrease with increasing chest wall
thickness. The subject’s age was not found to substantially
affect film quality.5 Pearson et al. found that the proportion
of unsatisfactory films increased with increasing values of
the ratio of weight to sitting height.® These findings are of
interest because it has been demonstrated that technical faults
are, in general, randomly distributed and attributable to er-
rors in taking and processing films rather than in differences
between subjects even though there may be a slight tendency
for the proportion of unsatisfactory films to increase with
increasing weight.®

Further, Liddell found film quality introduced only slight
biases into the reading of pneumoconioses although readers
tended to find more parenchymal abnormalities in overex-
posed films and fewer parenchymal abnormalities in underex-
posed films when compared to good films. Other investiga-
tions, however, have found that readers tend to read more
abnormalities in underexposed films and less abnormality in
overexposed films.57 In Minnesota, film quality was ade-
quate for all but a handful of radiographs. For this reason,
it seems unlikely that film quality affected the results of the
Minnesota study.

Reader experience also plays a role in the evaluation of
radiographs. Different readers appear to compensate dif-
ferently for changes in film quality. Reger et al. found that



experienced readers were better able to compensate for
changes in film quality. In addition, certain readers either
consistently find more abnormalities or less abnormalities
on films compared with their colleagues.® Felson et al.
found that readers with minimal training tended to find more
cases of coal workers with pneumoconiosis than experienced
readers. Felson attributed the differences between readers
fourd in his study to several factors: 1) inherent interobserver
disagreement; 2) lack of experience with the classification
system in use; and 3) lack of familiarity with the radiographic
manifestations of coal workers’ pneumoconiosis.1°

The problems encountered during the MDH investigation
were in many ways similar to those described above. The
percentage of films interpreted as abnormal varies among
readers. These readers appeared to have been influenced by
factors such as the presence of disease, and anecdotally,
reader experience may have played a major role. The original
readers were both newly certified *“B’’ readers and were not
experienced in interpreting films with asbestos-related
disorders. These were also the readers who found the highest
percent of individuals with pleural changes.

Two years after the original investigation was completed,
eight radiographs that the investigators thought were
**definitely positive’” were sent to a pulmonary physician for
review. After reviewing the medical records and films, this
physician felt that the pleural and/or parenchymal abnor-
malities in six of the cases (75%) could be best explained
by the presence of diseases unrelated to the ppeumoconioses.

This finding, in part, led the MDH to once again evaluate
the original data and develop the logistic regression model
described above. This model confirms that the reading of
radiographs for the presence of pleural abnormalities is at
times strongly influenced by the presence of parenchymal
opacities and/or diseases; however, it was not possible to
define the nature of this relationship.

The magnitude of inter-reader agreement has undergone con-
siderable scrutiny. Early studies on this problem were con-
ducted by Birkelo, Garland, Fletcher, and Yerushalmy.!1210.11
In 1970, Reger and Morgan had 2,337 radiographs evaluated
by 4 readers. The percent of films interpreted as having com-
plicated coal workers® pneumoconiosis ranged from 8.0%
to 22.5%.% In only slightly more than one half (56.7%) of
these films was there agreement between readers. Felson
et al. evaluated inter-reader agreement for 3 readers. For
films read as pormal, pairs of readers agreed with each other
between 10.1% and 68.9% of the time. For abnormal films,
agreement ranged between 5.5% and 10.2%.10

Several studies have examined the variability in the
radiographic assessment of pleural changes. In a review of
674 radiographs of naval dockyard workers, Sheers et al,
found the prevalence of pleural changes to range between
14% and 30%.12 Reger et al. evaluated inter-reader
variability in the radiographic detection of pleural changes
in 555 radiographs.!® Radiographs were evaluated twice for
each worker—first using a posterior-anterior (PA) film and
then using PA plug oblique films. The prevalence of pleural
abnormalities in this study ranged between 40% and 81%
and a higher detection rate was found with the use of addi-
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tional radiographs. Using PA films only, the kappa statstic
for inter-reader agreement for the presence of pleural plagues
averaged 0.33 and for diffuse pleural thickening 0.43. The
addition of oblique films caused a decrement of the kappa
statistic to 0.23 and 0.25 for pleural plaques and pleural
thickening respectively.!3

A higher detection rate of pleural abnormatities using three
radiographs (left anterior, oblique, right anterior oblique and
PA) compared with PA only was also shown by Baker and
Green.!* The high detection rate, however, appears to be
at the expense of sensitivity, specificity and reliability.!?
The number of positive control films read as positive (i.e.,
sensitivity) was only 55% in the MDH study. It seems that
any further decrement in sensitivity resulting from the use
of oblique films would, in most instances, be unwarranted.

Green et al. examined the effect of using a broad (any pleural
thickening) versus a strict criterion {pleural thickening of
2 mm or greater) on the prevalence of pleural changes in
high risk (asbestos exposed) and low risk (no or little asbestos
exposure)} groups. Using a broad criterion, prevalence ranged
from 45.1% (low risk) to 40.9% (high risk), and, using a
strict criterion, prevalence ranged from 2.6% (low risk) to
9.4% (high risk).

Depending upon the number of positive readings and the
readers selected, the percent of Minnesota films positive for
pleural changes varied between 2% and 38% (Table VIII).
Thus, we were faced with a problem where “‘case defini-
tion’’ was highly dependent upon the judgement of the in-
vestigators and it was not ciear which was the best set of
interpretations to use. We do not feel the results of the MDH
study support the use of a specific (e.g., 2 mm) threshold
criteria. However, we concur with the conclusion of Green
et al. that there is a *‘great need for specific criteria and
uniform methodology’” in the interpretation of pleural
findings.

The low sensitivity and high inter-reader variability present
in the evaluation of films for asbestos-related pleural or
parenchymal changes could significantly influence the results
of an epidemiologic study. Readers 1 and 2 found a large

Table VIII

Number of Positive Pleural Readings by Sex
(N = 2755 Readings)*

Sex
Number of o m— P t

Positive  Readings Male Female OF Total Total
0 122 b} | 62 353

1 $2 B 21 120

k) I8 8 8 16

3 hk} 3 5 28

4 10 o 2 10

5 3 1 2 9

Total 83 x3 566

* Five B Readers per film (10 not read by reader 1. 3 not interpreted
by reader 3. and 62 not interpreted by members of the XIOSH panet.

199



Radiology I

number of abnormalities in both men and women indicating
what appeared to be a generalized environmental exposure
to asbestos. Subsequent investigation revealed widespread
steam tunnels to many regional homes. These tunnels, as well
as the pipes within homes, appeared to be asbestos-lined.
Another possible source of exposure was piles of taconite
mine tailings near or within town limits. Because of con-
cern about environmental exposures, the third and subsequent
readings were done. In later readings, when substantially
fewer abnormalities were found in women, it was thought
that the problem was probably occupational rather than en-
vironmental in erigin.

It is felt that the low sensitivity of the interpretation of
radiographic changes of the pleural should be more widely
recognized among those involved in oocupatlonal disease
surveillance. The impact of this variability in radiographic
readings on public health decisions was illustrated in Min-
nesota and, to date, the significance of these apparent ab-
normalities is still difficult to evaluate.

Based on these findings and a review of the epidemiologic
literature, we feel further consideration should be given to
resolving the issues presented here. We would like to make
the following recommendations to optimize the use of in-
formation found on the chest radiograph:

1. A threshold for determining the presence or absence
of pleural changes should be developed. In part, the
problem encountered by the MDH arose because of
the ambiguity in defining pleural changes. Dr. E.
Nicholas Sargent (personal communication) recom-
mends the use of a scoring system similar to that used
for parenchymal changes {e.g., 0/0, 0/1, 1/0, 1/1)
with 0/0 indicating a high degree of certainty that a
particular shadow does not represent a pleural abnor-
mality (e.g., muscle, fat) and 1/1 indicating a high
degree of certainty that a shadow does represent a
pleural abnormality (e.g., plaque);

2. Experiments should be conducted in which the “B”*
reader is asked to interpret films with and without
an abbreviated medical history. At the end of each
reading, the interpreter should be asked to conclude
if, given the patient’s (worker’s) medical history, any
changes seen are most likely due to a pneumoconiosis,
other disease, both, or if such a determination can-
not be made;

3. It appears that the interpretation of pleural changes
may be too complex. This complexity makes the in-
terpretation of inter-reader agreement difficult. If
possible, the reading of pleural changes should be
simplified;

4. One third of the “‘B”* reading form is devoted to in-
terpreting changes of the pleura. However, there are
very few films in the set of ILO standard films
devoted to these changes. These films should be
enhanced to reflect the degree and nature of changes
that are presented on the ILO-NIOSH *‘B”’ reading
form; and

5. ““B”’ readers, in the course of their training, should

be cautioned about the implications and utility of ““B™
reading. Knowledge of the problems involved in the
epidemiologic use of radiographs should be a routine
part of the ““B’’ reader examination and/or course of

study.

Inter-reader variability in the interpretation of radiographs
has been evaluated in the past. This is the first instance known
to the authors where this problem has had a direct impact
on public health. When initially presented with this problem,
the authors (DP and AB) consulted national experts on
asbestos-related disorders; all agreed that we might have a
major public health problem related o environmental
ashestos exposure. As our investigation evolved, it appeared
that this was not really an environmental problem at all, but
was due to inter-reader variability in the interpretation of
radiographs, thus substantiating previous studies on the prob-
lem of inter-reader variability.
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