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ABSTRACT: The effect of observer training on sensitivity, specificity and inter-
observer agreement in the differentiation between normal and pathological bronchi
on computed tomography (CT) was studied.

The wall thickness of bronchi with normal walls and with pathologically thickened
walls were subjectively scored by three independent observers before and after a
training period of 2 weeks. Sensitivity, specificity and interobserver agreement were
calculated for reading sessions before and after training. Increase and decrease in
agreement after training were determined.

There was a statistically significant difference (p=0.001) between objectively mea-
sured wall thickness of normal and pathological bronchi, both for reference bronchi
and for bronchi used for reading sessions. While training increased interobserver
agreement, it had no effect on sensitivity (0.46 versus 0.44 after training) and
specificity (0.71 versus 0.72 after training) in detecting pathological bronchi. Increased
agreement after training was significantly (p=0.001) more frequent than decreased
agreement.

There is a discrepancy between the effect of training on interobserver agreement
and on sensitivity and specificity in the subjective differentiation between normal and
pathological bronchi. Interobserver agreement alone is not a reliable indicator of a
beneficial effect of training in the evaluation of this parameter.
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Bronchial wall thickening has been considered clinically
relevant in a number of thin-section computed tomography
(CT) studies [1-10]. Because there are currently no
established objective criteria for the characterization of this
parameter [3, 6, 8], its assessment relies on the judgement
of the individual reader. The resultant subjectivity has been
considered a major limitation in the assessment of bron-
chial wall thickness [10, 11]. Although preliminary guide-
lines for the appropriate evaluation of bronchial wall
thickness were elaborated to attenuate the subjectivity of
the individual reader [10, 12, 13], these experimentally
determined guidelines have not yet been fully implemented
and validated in routine imaging. Inadequate evaluation of
bronchial wall thickness, may, however, have potentially
serious clinical implications, notably when correlated with
the results of functional examinations [10]. Because of
these implications, there is a resurgence of interest in the
qualitative outcome of subjective assessment of bronchial
wall thickness, particularly in terms of its accuracy [7, 14].

Two recent thin-section CT studies [7, 14] found rea-
sonably good interobserver agreement when bronchial
wall thickness was subjectively evaluated in patients with
asthma and bronchiectasis. Both studies, however, focused
on patients with clinically and/or radiologically confirmed
disease, and the relevant distinction between normal and
pathological bronchi was only marginally addressed. Also,

one of the authors [14] speculated that training of observers
would increase interobserver agreement in the subjective
assessment of bronchial wall thickness. Therefore, the aim
of the present study was to analyse the diagnostic potential
of the subjective evaluation of bronchial wall thickness on
thin-section CT in the differentiation between normal and
pathological bronchi, and to test whether observer training
has a beneficial effect on sensitivity, specificity, and inter-
observer agreement in the evaluation of this parameter.

Materials and methods
Bronchi

The selection of bronchi used in this study was co-
ordinated by a radiologist who was not involved in the later
film reading. The selection of bronchi was based on: 1)
histopathological work-up, and 2) absolute objective meas-
urements of bronchial wall thickness on CT. For the
reading sessions, 20 normal (10 segmental and 10 sub-
segmental bronchi) and 20 pathological bronchi (10 seg-
mental and 10 subsegmental bronchi) were used. Apart
from those bronchi used for the reading sessions, 23
reference bronchi were used for the consensus and training
sessions. All bronchi were required to be of uniform wall
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thickness over the visible part of their circumference. To
avoid misleading enlargement of the bronchial walls, the
CT scan plane was oriented as perpendicularly as possible
to the bronchi [12]. Also, the chosen bronchi had con-
tinuous external and internal perimeters [15]. The selection
of bronchi in the various subgroups described below was
mainly determined by the clinical settings and the general
patient selection in the hospital. Therefore, very severely
thickened bronchial walls, for example, as seen in patients
with advanced bronchiectasis or cystic fibrosis, were not
included in the study.

Histopathological work-up reported the bronchi to be of
normal wall thickness or to have pathological wall thick-
ening. Objective measurements of bronchial wall thickness
were performed by two independent observers who were
not involved in the later film reading. Measurements were
performed on the CT console after postprocessing of the
original images. The display window settings for postpro-
cessing were identical to those used for the photographic
images, as described later in the Computed tomography
section. Bronchial wall thickness was defined as the dis-
tance between the outer and the inner border of the bron-
chial wall, as measured with a calliper. Three calliper
measurements were performed by each of the two ob-
servers, and the mean of these measurements used for later
analysis. The calliper technique used for these measure-
ments has been described in previous studies [10, 11, 13]
and was found to be adequate for the objective evaluation
of bronchial wall thickness.

Bronchi used for film reading. Normal bronchi. The 20
normal bronchi were selected on the basis of the histo-
pathological work-up of transbronchial biopsies perform-
ed in 14 nonsmoking individuals screened for suspected
interstitial lung disease. All bronchial biopsies included
representative segments of the bronchial wall that would
warrant a reliable diagnosis. Bronchial wall thickness
was reported normal in all 14 individuals. The chosen
CT slices were matched with the site of the biopsy us-
ing anatomical landmarks such as vascular or bronchial
structures and their respective segmentation. Objective
measurements were performed as described above.

Pathological bronchi. The 20 pathological bronchi were
selected on the basis of the histopathological work-up of
postoperative specimens. The specimens were resected
in 12 patients with severe emphysema who had under-
gone lung volume reduction surgery. Bronchial walls
were reported pathologically thickened owing to chronic
inflammatory infiltrates in all 12 patients. The chosen
CT slices were matched with the levels of the histo-
pathological cuts by use of anatomical landmarks. CT
slices were also chosen such that bronchi were surround-
ed by relatively undestroyed areas of lung parenchyma.
Objective measurements were performed as described
above.

For both groups of bronchi used for later film reading,
an equal number of bronchi were chosen from the upper
(n=7) and lower lobes (n=13).

Reference bronchi used for consensus sessions and
training. The reference bronchi used for training and the
consensus session were selected on the basis of the his-
topathological work-up of postoperative specimens. The

specimens were obtained from 23 patients after volume
reduction surgery (pathological bronchial wall thicken-
ing; n=14) or because of solitary pulmonary nodules
(normal bronchial wall; n=9). CT slices were matched
with the levels of the histopathological cuts by use of
anatomical landmarks. Objective measurements were
performed as described above. None of the bronchi used
for the consensus session or training were included in
the later film reading.

Computed tomography

For both image acquisition and postprocessing of the
data, a Tomoscan SR 7000 (Philips Medical Systems, Best,
The Netherlands) was used. Initial thin-section CT exam-
inations were performed at maximal inspiration with the
subject in the supine position, with a slice thickness of 1.5
mm and with section intervals of 10 mm, from the lung
apices to the lung bases, at 140 kV and 175 mA, using a
512 x 512 matrix. A high spatial frequency algorithm was
applied for image reconstruction.

Raw data from all CT images were postprocessed at the
console. All images were reconstructed in a field of view of
15 cm and at a magnification of 1.5 factor, with the
selected bronchus in the centre of the image. One single
bronchus was identified for evaluation on each image. The
bronchi used for the film reading sessions were photo-
graphed, with each of the 40 chosen bronchi being imaged
11 times at window settings within the range recommend-
ed in the literature for appropriate imaging of bronchial
wall thickness (window centre, range -350—550 Houns-
field units (HU); window width, range 1200-1500 HU)
[10, 12, 13, 15]. This multiple imaging prevented easy
recognition of the bronchi in the second reading session.
The potential influence of multiple imaging on the stat-
istical analysis is discussed below. Reference bronchi used
for consensus and training sessions were photographed at
the same display window settings.

The above mentioned protocol produced a total of 440
thin-section CT images for use in the reading sessions (220
images of normal bronchi (110 segmental, 110 subseg-
mental) and 220 images of pathological bronchi (110 seg-
mental, 110 subsegmental)). All images obtained after
postprocessing of the data were photographed, 12 per film
(35.6 x43.2 cm), twice in random order for the two read-
ings before and after training. Display window settings and
patient names were obscured on the images obtained.

Film reading

All three readers involved in this study were experi-
enced chest radiologists, familiar with reporting in the
same manner as part of their daily routine, and with the
same level of experience. None of the readers were in-
formed about the selection criteria of the bronchi chosen
for the reading sessions.

Scores. For all reading sessions, bronchial wall thickness
was subjectively scored according to a three-point scale
(3 for bronchi with obviously thickened walls, 2 for
bronchi with normal wall thickness and 1 for bronchi
with walls appearing thinner than normal). The score of
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1 was introduced because, according to the authors’ ex-
perience, walls of normal bronchi may sometimes ap-
pear thinner than expected on thin-section CT scans.

Consensus session. As recommended in the literature
[16-19], a consensus session was performed before the
first reading session. The aim of this session was to
familiarize the readers with the scoring system to be
applied, and to compare the scores with the gold stand-
ard as defined for this investigation (histopathological
analysis and objective CT measurements). During the
consensus session, images of the reference bronchi were
evaluated twice. First, all reference images were read
without knowledge of the results of the histopathological
work-up and objective measurements. Then the results
of histopathological work-up and objective measure-
ments were revealed to the readers, and the images re-
read. During both readings special attention was given
to the differentiation between normal and pathological
bronchi compared to the defined gold standard.

Reading sessions. The definitive set of images was read
independently by the three radiologists in six separate
sessions (three before training, three after training) who
classified the bronchi according to the three-point scale
described above. The three reading sessions before train-
ing took place on the day following the consensus ses-
sion, and the three reading sessions after training took
place 2 weeks after the first reading session. For the sec-
ond reading session, the readers were not informed ab-
out the results of the first reading session.

Training

The training sessions were performed at the end of each
working day for the 2 weeks between the first and second
reading (n=10). During these sessions, all routine thin-
section CT examinations performed at the authors’ insti-
tution on the respective day were reread by the three
observers involved, and under the supervision of a fourth
radiologist who had been in charge of bronchus selection
and image postprocessing. By the end of day 10, a series of
38 thin-section CT examinations had been reread. The
training sessions focused on the differentiation between
normal and thickened bronchial walls. The bronchi used
during the consensus session therefore served as refer-
ences. Each segmental and subsegmental bronchus dep-
icted by one of the 38 thin-section CT examinations was
categorized as either normal or pathological and scored
according to the three-point scale by each of the three
readers. In cases of divergent results, the subjective criteria
of each reader for categorizing a bronchus as either normal
or pathological were discussed until unanimity was reach-
ed.

Statistical analysis

For both the reference bronchi and the bronchi used for
training and the consensus session, the means and standard
deviations of the objective measurements were calculated.
The statistical significance of differences between the
groups of normal bronchi, between normal and patholo-

gical bronchi, between segmental and subsegmental bron-
chi and between observers were studied using analyses of
variance (ANOVA) with two repeated measures between
factors, each at two levels (normal/pathological; segmen-
tal/subsegmental), and with one repeated measure (ob-
server) to assess interobserver variability.

For the subjective differentiation between normal and
pathological bronchi, sensitivity and specificity were cal-
culated according to the guidelines of FisHER and BELLE
[20]. Scores 1 and 2 (not thickened) were grouped and
compared to score 3 (pathologically thickened). Subjective
scores were then compared to the combined findings of the
histopathological work-up and objective measurements.

The effect of training was evaluated as follows. Firstly,
the agreement between observers was compared before
and after training. This was performed by comparing the
Cohen'’s kappa coefficients [21-22] calculated for each pair
of observers before and after training. Each kappa co-
efficient was based on the 440 CT images obtained from
the 11 slices of the 40 bronchi. If a bias on the kappa
coefficient resulted from the fact that sets of 11 slices came
from the same bronchus, this bias was similar both before
and after training, leaving the comparison still valid [21].
Secondly, based on the results of the evaluations before
and after training, five categories of images were det-
ermined: 1) total agreement between the three evaluations
before and after training; 2) one observer disagreed before
training and the three observers agreed after training; 3) the
three observers agreed before training and one observer
disagreed after training; 4) one disagreement before train-
ing and one disagreement after training; and 5) other sit-
uations.

The images frequency categororized as above was cal-
culated for both the overall and predefined subgroups of
bronchi. Comparisons between the scores before and after
training were performed using the McNemar test [20].
Calculations were performed using the SPSS statistical
software [23], with statistical significance set at the p<0.05
level.

Results

Results of the objective measurements of bronchial wall
thickness are shown in table 1. For the objective meas-
urements used for the consensus and the training ses-
sions, the mean bronchial wall thickness for pathological

Table 1. — Results of objective measurements of bron-
chial wall thickness

n  Bronchial wall
thickness mm

Bronchi used for training and consen-
sus session

Normal segmental bronchi 5 0.86+0.04
Normal subsegmental bronchi 4 0.47+0.03
Pathological segmental bronchi 7 1.87+0.04
Pathological subsegmental bronchi 7 0.95+0.03
Bronchi used for reading sessions
Normal segmental bronchi 10 1.14+0.03
Normal subsegmental bronchi 10 0.46+0.03
Pathological segmental bronchi 10 1.77+£0.05
Pathological subsegmental bronchi 10 0.95+0.04

Data are presented as meansp.
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bronchi was significantly higher than for normal bronchi
(p=0.001), both for segmental and subsegmental bronchi.
No statistical significance (p=0.47) was observed be-
tween the normal bronchi used for training/consensus
sessions, or between those used in the reading sessions.
Also, there was no statistically significant difference (p=
0.603) between the objective measurements of the two
observers. The same conclusions were reached for the
bronchi used for the reading sessions (p=0.001), with no
statistically significant difference (p=0.94) between the
measurements of the two observers.

The sensitivity and specificity for the subjective dif-
ferentiation between normal and pathological bronchi be-
fore and after training are shown in table 2. For both the
overall assessment and the detailed assessment of seg-
mental and subsegmental bronchi, the differences be-
tween the two reading sessions were negligible for both
sensitivity and specificity.

Table 3 displays the Cohen's kappa coefficients be-
tween the observers compared pairwise, before and after
training. An obvious increase in the kappa coefficient is
seen after training (kappa=0: total independence, kap-
pa=1: perfect agreement between the observers).

Table 4 shows the absolute numbers and the corres-
ponding percentages of the images classed according to
the categories defined to evaluate the effect of training.
The discrepancy between the scores before and after
training never exceeded 1 and the fifth category was
empty. Among the images that did not show total ag-
reement before and after training, there was no stat-
istically significant difference between the percentage of
normal (63/109) and pathological (81/126) bronchi (y’=
1.04, p=0.348) for which an increased observer agree-
ment was observed after training. Also, among the images
which did not show perfect agreement before and after
training, there was no statistically significant difference
between the percentage of se%mental (71/121) and sub-
segmental (73/114) bronchi (y"=0.71, p=0.424). The per-
centage of images with increased agreement after training
was significantly superior to those with decreased agree-
ment in each of the four predefined categories of images
(p=0.001).

Discussion

The introduction of thin-section CT has substantially
increased the number of detectable pathologies in the lung,

Table 2. — Sensitivity and specificity in the subjective dif-
ferentiation of normal and pathological bronchi before and
after observer training

First reading
(before training)

Second reading
(after training)

Sensitivity Specificity = Sensitivity Specificity

Overall 0.46 0.71 0.44 0.72

Segmental 0.46 0.65 0.45 0.65
bronchi

Subsegmental 0.44 0.75 0.45 0.78
bronchi

The overall rates and the rates obtained for segmental and sub-
segmental bronchi are shown.

Table 3. — Cohen'’s kappa coefficients with their asymp-
totic standard error in a pairwise comparison.

kappatsem Observers Observers Observers
1&2 1&3 2&3

Before training  0.317+£0.044  0.358+0.045 0.178+0.045

After training 0.698+0.033  0.731+0.033  0.717+0.033

and, consequently, has considerably widened the diag-
nostic spectrum of thoracic imaging. There is, however,
little evidence to suggest that improved technology alone
reduces the diagnostic error rates of individual readers
within the expanding group of potentially detectable le-
sions [24]. This is amplified by the fact that on thin-section
CT a series of findings is assessed on a subjective basis,
owing to the lack of objective criteria for the differentiation
between normal and pathological findings [1-6, 8, 25].
The diagnosis of these findings may, therefore, be ham-
pered in terms of sensitivity, specificity and accuracy [14].
Bronchial wall thickness has been given particular at-
tention with regard to its diagnostic implications, with a
concomitant elaboration of the technical parameters ne-
cessary for the appropriate assessment of its meaning for
diagnostic purposes [10, 12, 13, 15]. In addition to op-
timizing technical parameters, observer training has been
suggested as another effective method of improving the
outcome of the subjective evaluation of bronchial wall
thickness on thin-section CT [14]. The present study,
designed to test this hypothesis, could only partly confirm
the beneficial influence of observer training on the ass-
essment of bronchial wall thickness. While training sub-
stantially increased agreement between observers, it had
virtually no effect on sensitivity and specificity in the
subjective differentiation between normal and pathological
bronchi.

The positive impact of training on the agreement be-
tween the observers in the present study was obvious. The
interobserver agreement seen after training was compar-
able to data reported in previous investigations [7, 14]. The
comparatively lower rates for interobserver agreement
before training were probably attributable to the selection
of bronchi for analysis. While prior studies [7, 14] assessed
bronchial wall thickness in individuals with known disease
who, consequently, had an increased likelihood of path-
ological wall thickening, the bronchi analysed in the
present study were either normal or pathological, and the
readers were kept unaware of this fact. Although this lack
of bias resulted in decreased interobserver agreement
before training, the increase of agreement after training
suggested a beneficial effect of training leading to a sub-
stantial overall improvement in observer agreement.

Unfortunately, this positive effect of training on in-
terobserver agreement was attenuated by its poor effect on
both sensitivity and specificity in the differentiation be-
tween normal and pathological bronchi. The results re-
vealed that, for all predefined categories of bronchi,
sensitivity and specificity remained virtually unchanged
before and after training. This dissociation between the
effect of training on interobserver agreement and on sen-
sitivity and specificity indicates that the apparently positive
influence of training on interobserver agreement should be
interpreted with caution. In light of the virtually un-
modified rates for sensitivity and specificity before and
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Table 4. — Interobserver agreement and disagreement before and after training

Total agreement
before and after training

One disagrees before
training, 3 agree after

No increase or decrease
of agreement after

3 agree before training
ldisagrees after training

training training
Overall 205 (46%) 144 (33%) 5 (1%) 86 (20%)
Normal bronchi 111 (50%) 63 (28%) 4 (3%) 42 (19%)
Pathological bronchi 94 (43%) 81 (37%) 1 (0%) 44 (20%)
Segmental bronchi 99 (45%) 71 (33%) 3 (1%) 47 (21%)
Subsegmental bronchi 106 (48%) 73 (33%) 2 (1%) 39 (18%)

Both the overall rates and rates obtained for the defined subcategories of results obtained from the 440 CT images are shown, as number

of images with percentage of defined subcategory in parentheses.

after training, the improved interobserver agreement after
training reflects only the fact that reading errors after
training appeared more systematically than before training,
rather than indicating an overall decrease in reading errors
after training. Thus, the results show that good inter-
observer agreement alone is not a reliable indicator of the
validity of a predefined diagnostic approach [7, 14, 26].

This ambiguous influence of observer training on sen-
sitivity, specificity and interobserver agreement in the
subjective assessment of a predefined parameter, as in-
vestigated, has been widely discussed [16—-19, 24, 27-30].
While some studies [16, 27, 28, 30] reported that observer
training had a positive impact on their results throughout,
others [19, 29] could not confirm any impact of training on
their results. A third group of studies [17, 18] even found
that observer training decreased the quality of their results.
Those divergent conclusions might be attributable to the
variety of cognitive tasks that were studied in each of the
investigations [16—19, 24, 27-30]. As there is no generally
approved protocol for the performance of observer train-
ing, individual training protocols must be tailored to meet
specific demands. Most studies, however, agree that, in-
dependently of these specific demands, any basic protocol
should include the supervised and repetitive performance
of training skills, accompanied by the verification of the
obtained results against a gold standard [17, 18, 24, 27,
28]. Although those basic requirements were fulfilled by
the present study design, factors such as the period of time
between the readings before and after training, the group of
readers, the particular setting of the readings and the choice
of material used for the training may vary from study to
study and, as in other investigations, is likely to have
influenced the present results.

In this study design, the length of the time period be-
tween the readings before and after training was an
important consideration. Ideally, this period of time should
be as short as possible to minimize any change in the
circumstances of the reading sessions. On the other hand,
sufficient time should have elapsed to preclude individuals
remembering particular images from the reading session
before training. In the context of the present study, a gap of
2 weeks was considered to adequately fulfil both re-
quirements. The literature, however, reflects a wide spec-
trum of different opinions on this issue and proposes time
intervals before and after training ranging from several
days [27], to several months [16, 30]. Nevertheless, studies
with a design comparable to our investigation [17, 28] also
used intervals of approximately 2 weeks between the
reading sessions. By repetitive analysis of sequential read-
ing results these studies also confirmed that a time interval

of 2 weeks had no systematic influence on the qualitative
outcome of the reading sessions [28].

As study designs like the present require expert readers,
those readers, by definition, cannot be untrained. Also, the
consensus session might have been equivalent to a brief-
training session. Therefore, the use of a control group of
readers who read the images twice without training and/or
consensus session could have strengthened the results of
the present study. Nevertheless, reader-order effect is pre-
sumed to result in an improvement of diagnostic accuracy
in the reading after training [17] rather than in a lack of
effect on sensitivity and specificity of the reading. Since
the latter was observed in the present study, the results may
appear biased toward underestimating the true effect of
observer training.

Also, the setting used in the present study was not
necessarily comparable to diagnostic decision making in
daily routine [17, 19, 24, 29]. It is conceivable that, under
such specific circumstances, readers are more anxious than
usual and/or more concerned about missing or under-
diagnosing abnormal cases. This would suggest that, in
"test" conditions, participants are more likely to err on the
side of caution [24, 29]. The fact that the present results
yielded no substantial differences between sensitivity and
specificity before and after training nevertheless seems to
show that observer training neither amplified nor atten-
uated the potential tendency of the readers to err on the side
of caution. Moreover, the results confirmed that the par-
ticular setting of the reading sessions was not an apparent
obstacle to an overall improvement in interobserver agree-
ment, even if, as mentioned above, this improvement
should be interpreted with care.

In conclusion, in the subjective assessment of bronchial
wall thickness on thin-section computed tomography, the
effect of observer training is ambiguous. While interob-
server agreement was obviously improved after training,
training did not substantially affect the ability of observers
to discriminate between normal and pathological bronchi.
From this perspective, improved observer agreement after
training probably reflects a systematization of reading
errors as the effect of training rather than a decrease in
reading errors after training. This also suggests that im-
provement of interobserver agreement after training alone
does not reliably indicate an overall beneficial effect of
training on the subjective evaluation of bronchial wall
thickness. Despite the fact that clinical assessment of
bronchial wall thickness might remain subjective in the
near future, these drawbacks nevertheless emphasize the
future need for routinely available and user-friendly com-
puter tools designed to objectively quantify this parameter.
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