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SUMMARY

OBJECTIVE: The development and evaluation of a new
chest radiograph reading and recording system (CRRS)
for community surveys of tuberculosis (TB) and lung
disease.

DESIGN: An experienced pulmonologist read 2608
chest X-rays (CXRs) performed as part of a TB preva-
lence survey using the newly developed CRRS. The
kappa (k) for inter-reader agreement was calculated
after a second reader reported on a stratified random
sample of 810 (31%) of the 2608 CXRs. The k for intra-
reader agreement was calculated from the repeated re-
porting of a stratified random sample of 104 CXRs.
RESULTS: The k agreement between the two readers

was 0.69 (95%CI 0.64-0.74) for abnormalities consis-
tent with TB and 0.47 (95%CI 0.42-0.53) for any ab-
normalities. The k for intra-reader agreement was 0.90
(95%CI 0.81-0.99) for abnormalities consistent with
TB and 0.85 (95%CI 0.74-0.95) for any abnormalities.
CONCLUSION: This standardised method for CXR
reading and recording provides satisfactory inter- and
intra-reader agreement, making it suitable for surveys of
TB and other forms of lung disease in the community. Its
use will permit comparisons of results obtained in differ-
ent surveys.

KEY WORDS: tuberculosis; chest radiograph; kappa;
dual reading; reproducibility

THE INTERPRETATION of chest X-rays (CXRs),
because of its subjectivity, is highly dependent on the
reader. Inter-observer differences and lack of consis-
tency of reporting,!-3 even by the same reader, has led
chest radiography, although widely used as a diagnos-
tic tool, to be not well regarded as a tool in tubercu-
losis (TB) surveys. Current practice is to minimise the
effects of observer error by employing a second or
third reader and then seek consensus,*!! which is
both costly and effort-intensive. For the study of oc-
cupational lung disease, the use of radiology for both
clinical purposes and research has been greatly im-
proved by the use of a standardised reading method-
ology utilising reference radiographs, and a system of
accreditation for readers.!2:13

 deceased.

We hypothesised that the use of a method similar
to that used for occupational lung disease might be of
benefit to researchers and even to practitioners evalu-
ating and recording CXRs on individual subjects
for the purposes of identifying and systematically re-
cording abnormalities. By transforming observed pat-
terns into categorical and semi-quantitative forms,
these may be used for both screening and follow-up
of patients. We report here the development and first
results obtained using a chest radiograph reading
and recording system (CRRS) that employs prin-
ciples similar to those used in the International Union
Against Cancer and the International Labour Or-
ganization (UICC/ILO) and the National Institute
for Occupational Safety and Health (NIOSH)12.13
radiographic reading methods and may be used in
conjunction with the UICC/ILO reference radiographs
and scoring system for occupational diseases, but
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extends this to recording detailed information and
descriptions of TB and non-occupational forms of
lung disease.

METHODS

Development of the CRRS

During the course of surveys of occupational diseases
and TB performed in southern Africa, one of the au-
thors (NWW) recorded the number and diversity of
radiographic features that might signify the presence
of alternative pathology. While employing the UICC/
ILO recording and reporting system for features for
which that system is devised, additional categories
were developed, where possible with provision for
semi-quantitation. The aim was to develop a reading
and recording system suitable for community-based
research, where the focus is on establishing the prev-
alence of lung diseases, including TB. Other require-
ments were that all data could be captured on a single
form designed for electronic data capture and entry
into a database, and that its use could be easily taught
and learned. The reporting form was developed and
refined in a series of studies and employed prospec-
tively in a large community survey in Cape Town: the
‘Lung Health Survey 2002 (LHS2002)’. The report
form (Appendix A) and instructions for its use (Ap-
pendix B) are provided with this report. The form
comprises sections devoted to a description of TB dis-
ease in its many forms, affecting the parenchyma, pleu-
ral and central structures. It also makes provision for
recording complications of TB (mycetomas, granulo-
mas, lobar volume loss, collapse and bronchiectasis),
and for description of many other lung diseases that
might be of value in characterising the burden of lung
disease in a community.

Evaluation of the performance of the CRRS in a
TB and burden of lung disease prevalence study

A lung health survey, including a TB prevalence sur-
vey, was performed in 2002 in two neighbouring com-
munities in Cape Town, South Africa. The prevalence
of new smear-positive TB was calculated to be 3 per
1000 (95% confidence interval [CI] 1-5/1000) (Den
Boon et al., submitted). During the survey, postero-
anterior chest radiography was performed on 2608
adults (=15 years) in a local clinic using a 200 MA
X-ray machine and 35 X 43 cm CXRs.

Training of readers and reading of CXRs

One experienced and trained pulmonologist (reader
1, NWW), who had no clinical or bacteriological in-
formation about the participants, read all 2608 CXRs
and completed the standardised report form. A sec-
ond reader (reader 2, DAE) received 5 h of special in-
struction on the use of the modified evaluation method
from reader 1. This involved reading at least 50 CXRs
selected to provide a range of representative patholo-

gies that would be encountered in the study set of
CXRs. Where relevant, these were viewed alongside
the UICC/ILO standard radiographs to ensure correct
scoring of profusion of abnormalities. Reader 2, blinded
both to the clinical and bacteriological results of the
subjects enrolled into LHS2002 and to the results of
reader 1, then reported on a stratified sample of 810
CXRs, comprising 31% of the complete data set.

The sample was stratified to contain all categories
of abnormality observed by reader 1. Intra-observer
variability was assessed by reader 2 rereading a sub-
sample of 104 of the sample of 810 CXRs, blinded to
his previous report. The sub-sample was selected by a
third investigator, and presented in random order, in-
terspersed with previously unread CXRs. Both read-
ers had originally attained the status of ‘B’ reader in
the UICC/ILO system of accreditation for reading of
CXRs from subjects with occupational lung disease,
but at the time of the study both were certified only as
grade ‘A’ readers.

Data collection and statistical analysis

Data recorded manually on the CRRS report form by
reader 1 were entered into a customised relational
database (Prospect Medical Information Services, Cape
Town, South Africa) by electronic capture involving
high speed scanning of the forms and electronic rec-
ognition. Second entry was performed manually. The
reports from reader 2 were captured manually through
double data entry. Inconsistencies between the first
and second entries from either reader were corrected
after scrutiny of the original reading form.

The primary objective was to examine the inter-
and intra-observer variation in recording major diag-
nostic categories on CXRs when using the CRRS.
These categories included 1) abnormal CXR, any ab-
normalities; 2) parenchymal abnormalities; 3) pleural
abnormalities; and 4) central structure abnormalities.
Where any of the abnormalities in the last three cate-
gories were considered potentially related to TB they
were also included in a fifth category: abnormalities
consistent with TB. The CXRs in the original set of
2608 were categorised as follows: 1906 were normal,
337 consistent with TB and 365 abnormal but not
consistent with TB. The following sample was taken:
300 normal CXRs (300/1906 = 16%), 310 CXRs
with abnormalities that were consistent with TB
(310/337 = 92%) and 200 CXRs with abnormalities
that were not related to TB (200/365 = 55%). How-
ever, during retrieval of the selected CXRs from the
CXR storage bank for the second reading, five CXRs
could not be located and the final sample comprised
299 normal CXRs, 310 CXRs with abnormalities
consistent with TB and 196 CXRs with other abnor-
malities (totalling 805 CXRs).

The kappa (k) statistic!* and its 95%CI were cal-
culated to evaluate inter- and intra-reader agreement
for abnormal CXRs, parenchymal abnormalities, pleu-
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Table 1 Kappa (k) statistic and percentage observed agreement (Po) between two readers for abnormalities on CXR (n = 798)
Abnormal, any TB-related Parenchymal Pleural Central structure

Agreement abnormalities abnormalities* abnormalities abnormalities abnormalities

index n n n n n

+ + 307 233 204 97 93

+ - 195 74 66 33 66

-+ 25 41 20 49 29

- = 271 450 508 619 610

Po (95%Cl) 0.72 (0.69-0.76) 0.86 (0.83-0.88)

0.89 (0.87-0.91) 0.90 (0.87-0.92) 0.88 (0.86-0.90)

k (95%Cl) 0.47 (0.42-0.53) 0.69 (0.64-0.74) 0.75 (0.70-0.80) 0.64 (0.57-0.71) 0.59 (0.52-0.66)
* A combination of the categories parenchymal abnormalities, pleural abnormalities and central structure abnormalities.

CXR = chest radiograph; TB = tuberculosis; + + = both readers agree positive; + — = reader 1 positive, reader 2 negative; — + = reader 1 negative, reader 2
positive; — — = both readers agree negative; Cl = confidence interval.

ral abnormalities, central structure abnormalities and
abnormalities consistent with TB. Results of agree-
ment are interpreted as follows: values between 0.21
and 0.40 are considered to represent fair agreement,
between 0.41 and 0.60 moderate, between 0.61 and
0.80 substantial and between 0.81 and 1.00 strong
(almost perfect) agreement.!5 In addition, the percent-
age observed total agreement (Po) was calculated.
Data analyses were done using SPSS 12.0 for Windows
(SPSS Inc, Chicago, IL) and an Excel spreadsheet
(Microsoft Excel, Palisade Corp, Newfield, NY).16

Ethics approval

The protocol for the LHS was approved by the ethics
committees of Stellenbosch University and the Uni-
versity of Cape Town. Permission to perform the
study was obtained from the City of Cape Town and
the Western Cape Provincial Department of Health.
The health committees of the community were in-
volved in the study and informed consent was obtained
from all participants.

RESULTS

Reader 2 considered 7 of 805 CXRs (0.9%) of inad-
equate quality. These CXRs were not read further and
can therefore not be compared with reader 1. Reader
2 considered 466 (58%) CXRs to be normal, 274
(34%) to show abnormalities consistent with TB and
58 (7%) to have abnormalities that were not related
to TB. The k agreement for whether or not the CXR

was normal was 0.47 (95%CI 0.42-0.53). Better
agreement was reached for the question if abnormal-
ities consistent with TB were seen: (k = 0.69, 95%CI
0.64-0.74). For the TB-related abnormalities, the
highest k agreement was reached for parenchymal ab-
normalities and the lowest for abnormalities of cen-
tral structures (Table 1).

During the prevalence survey, 29 bacteriologically-
positive cases (at least one positive smear and/or one
positive culture) were detected, of which 26 cases had
CXRs read by both readers. The readers agreed on 23
of the 26 (88%) cases having abnormalities on CXR
and one case having a normal CXR. They also agreed
on 22 of the 26 (85%) cases having abnormalities
consistent with TB and three cases not having abnor-
malities consistent with TB (Table 2).

The intra-reader agreement for reader 2 was high,
and better than between readers. The k agreement for
whether or not the CXR was normal was 0.85 (95%CI
0.74-0.95), and for the presence of abnormalities
consistent with TB it was 0.90 (95%CI 0.81-0.99).
The intra-reader agreement was highest for parenchy-
mal abnormalities and lowest for abnormalities of
central structures (Table 3).

DISCUSSION

The ability to compare the results of disease preva-
lence studies from different countries and regions
forms part of the global approach to addressing the
burden of TB and respiratory diseases. For this pur-

Table 2 Percentage observed agreement (Po) between two readers regarding CXR abnormalities for bacteriologically positive

TB cases (n = 26)

Abnormal, any TB-related Parenchymal Pleural Central structure
Agreement abnormalities abnormalities* abnormalities abnormalities abnormalities
index n n n n n
+ + 23 22 21 10 9
+ - 2 1 2 0 2
-+ 0 0 0 4 1
- = 1 3 3 12 14

Po (95%Cl) 0.92 (0.75-0.99) 0.96 (0.80-1.00)

0.92 (0.75-0.99) 0.85 (0.65-0.96) 0.88(0.70-0.98)

Kappa (k ) is not presented in this table because the total number of cases is small and this may bias the k results.
* A combination of the categories parenchymal abnormalities, pleural abnormalities and central structure abnormalities.
CXR = chest radiograph; TB = tuberculosis; + + = both readers agree positive; + — = reader 1 positive, reader 2 negative; — + = reader 1 negative, reader 2

positive; — — = both readers agree negative; Cl = confidence interval.
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Table 3 Kappa (k) statistic and percentage observed agreement (Po) for two readings by one reader for CXR abnormalities

(n = 104)
Abnormal, any TB-related Parenchymal Pleural Central structure

Agreement abnormalities abnormalities* abnormalities abnormalities abnormalities
index n n n n n

+ + 44 39 33 20 13

+ - 6 4 3 2 5

-+ 2 1 0 5 4

- - 52 60 68 77 82

Po (95%Cl) 0.92 (0.85-0.97) 0.95 (0.89-0.98)

0.97 (0.92-0.99) 0.93(0.87-0.97) 0.91 (0.84-0.96)

k (95%Cl) 0.85 (0.74-0.95) 0.90 (0.81-0.99) 0.94 (0.86-1.00) 0.81 (0.67-0.94) 0.69 (0.50-0.88)
* A combination of the categories parenchymal abnormalities, pleural abnormalities and central structure abnormalities.

CXR = chest radiograph; TB = tuberculosis; + + = both readers agree positive; + — = reader 1 positive, reader 2 negative; — + = reader 1 negative, reader 2
positive; — — = both readers agree negative; Cl = confidence interval.

pose, standardised methodologies have been developed
for the study of several diseases, including asthma (the
International Survey of Asthma and Allergic Diseases
in Children [ISAAC] methodology)!” and chronic ob-
structive lung disease (the Burden of Obstructive
Lung Disease [BOLD] methodology).!8 Similar stan-
dardisation has been achieved for radiographic sur-
veys of occupational lung disease. The UICC/ILO!2,13
and NIOSH radiographic evaluation systems provide
validated standardised methodology and accredita-
tion of readers. There is a need for similar standard-
ised methodology for the study of TB and other lung
diseases, for which chest radiology provides a useful
method of detection and quantitation.

To date, a variety of reading methods of varying
quality and rigour have been applied in TB prevalence
studies, but to our knowledge there are no published
validations of these methods. The CRRS was devel-
oped by the late Neil White to address this deficiency.
The system, although primarily oriented towards TB,
provides for collection of data on the most significant
forms of lung disease for which radiology is a useful
screening method. The aim was to produce a method
that is less rigorous for the description of occupational
diseases than the UICC/ILO and NIOSH methods,
and which therefore does not require accreditation,
but is suitable for use by any person with clinical ex-
perience in chest radiology, whether formally trained
in radiology or not. Simplifications are the absence of
descriptions of the shape of parenchymal abnormali-
ties and quantitation of pleural disease. Reference
CXRs that provide more accurate assessments of pro-
fusion of parenchymal lesions may be used, but are
not considered essential in epidemiological studies of
general respiratory disease. On the other hand, the
CRRS includes more details of post-tuberculous lung
disease (lobar shrinkage, atelectasis and bronchiecta-
sis) and provides for the recording of many additional
radiological features. For convenience, these appear
not only as symbols, but are described in full on the
report form. An additional useful feature is the elec-
tronically compatible one-page format of the report
form.

The present study reports the first results on the
reader agreement obtained using this CRRS. The
reading form may need further development and eval-
uation, but the application of the CRRS in LHS2002
provides at least partial validation of the method, in
that two non-radiologists, with experience in reading
large numbers of CXRs both in clinical practice and
as part of epidemiological surveys, showed an accept-
able level of agreement in detecting major categories
of abnormality. Furthermore, the less experienced
reader reported with a high level of reproducibility.
The intra-reader agreement was almost perfect for the
question as to whether or not the CXR was normal as
well as for the presence of abnormalities consistent
with TB. These levels of agreement are higher than
those reported previously,!-3:1° and may be attribut-
able to the use of the standardised evaluation method.
Our results also compare favourably with those of a
recent study in which a similar simplified classifica-
tion system was used.20

The higher level of agreement for TB-related ab-
normalities than for any abnormalities may be ex-
plained by the fact that the CRRS makes provision
for more details of TB than for other lung diseases.
This focus on TB might influence the reader to con-
sider this disease more systematically. However, con-
firmation of these results by other observers in other
settings would be of value.

One of the weaknesses of our study is the fact that
a set of standard CXRs was not used to ensure that all
readers reported features in a consistent manner. Con-
sideration will be given to producing a standard set of
CXRs containing representative examples of common
and less common radiological features of TB (and
other lung diseases). These are likely to be of greatest
benefit in instances where reading is performed by
less experienced clinicians. Another weakness was
that we used only two readers, and that they had sim-
ilar experience. We can therefore not be sure that the
method can be applied with the same level of accu-
racy by other readers of lesser experience. This re-
quires further study, preferably using readers with a
different background and experience. Finally, the



1092

The International Journal of Tuberculosis and Lung Disease

statistic is influenced by disease prevalence.2!-23 In
our study, the process of stratifying CXRs for reader
2 on the basis of categories of abnormality recorded
by reader 1 might have introduced a bias. Normal
CXRs were under-sampled and CXRs containing ab-
normalities were over-sampled, making the results
more relevant to high-prevalence disease areas; cau-
tion should be exercised in extrapolating to situations
where disease prevalence is low. In addition, the sur-
vey was performed in high TB, low human immuno-
deficiency virus (HIV) infection prevalence area, and
the study needs to be repeated in areas where the HIV
infection rate is high.

CONCLUSIONS

The use of the CRRS resulted in good inter-reader
agreement for TB-related abnormalities and almost
perfect intra-reader agreement. This CXR reading
and recording system may be useful in large-scale sur-
veys of TB prevalence and studies of respiratory dis-
ease in communities. This study suggests that chest
radiography may be much more useful as a screening
tool for TB than has been previously recognised. This
reading methodology needs further evaluation by more
readers and in different study settings.
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APPENDIX A

CHEST RADIOGRAPH READING AND RECORDING SYSTEM : CRRS 2004

. 00000001

0.1 Subject Number: :

oA T

o

0.3 Radiograph : D D D D Comment:

0.2 Date of X-ray: .

oA

D

z
<

1.0 Radiograph completely negative: [y [n

quality 1 2 3 4 20 Any abnormalities consistentwith TB: [ | v [ | N
a1 Parenchymal Abnormalities [ ] v [ ] n a2 Nodular Abnormalities A22 Profusion
A.1.1 Primary A.1.2 Secondary A.1.3 Zones A.2.1Size - 0 1 2 3 4
[] cavities | | R L 1° 20 o [ ] [][]
(] fibrosis [ | L] [ ] [ <1.5mm 1 (101 [
[] infiitrates [ | (] [ O 1.5-3.5mm 2 L1 0[]
[] nodules [ ] 1 [ 1 M 3.5-10mm 3 00
a3 Mycetoma a4 Granulomas 0 R L a5 Lobar Volume Loss/Collapse/Bronchiectasis
0 R L Calcified ] 0 0 R L
L] ) O L]y [w 00O L] OO Upper lobe
L] Middle lobe
L] O [] [[] Lowerlobe
g1 Pleural Abnormalities 0 R L c1Previous X-ray )y ] c.3Present X-ray
[y []n s2ApicalCap || [ ] [] c.2 Date: . ) [] Better
8.3 Effusion/Thickening [ | [ ] [ ] o e = ] same
B.4CP Angle Obliteration || [ ] [ ] ° m R [] Worse
.1 Central Structure Abnormalities £.1 Any Other Abnormality Consistent With Tuberculosis:
[y [~ 0 R L psLymphadenopathy (v [
p.2 Tracheal Deviation D D D R L Specify:
o3 Hilar Elevation [ | [ | [ ] Hilar [ | [ ]
0.4 Mediastinal Shift [ | [ ] [ ] Mediastinal [ | [ ]
psPericardial Effusion [ | [ ] [ | Calcified: [ | v [ | n | |.oAny Other Abnormality: [ ] v [ ] n

SURGICAL
Bl [ ] Bullets or shot
Lr [ ] Suspected lung resection
Pm | | Pacemaker
Sw D Sternotomy wires or clips
SKELETAL
Ab D Congenital rib abnormalities
Cc [ ]
Fr []
Ky []
Sc [ ]
PLEURAL
Ef [ | Pleural effusion (not TB)
Me | | Mesothelioma
Pc [ ] Pleural calcification

Costochondral calcification
Rib fracture(s)

Kyphosis

Scoliosis

r.1 Symbols
Pi [ ] Interlobar fissure thickening
Pp [ | Pleural plaques (asbestos)
Px [ ] Pneumothorax
Pt [ | Pleural thickening ( not TB)
Dc [ | Diaphragmatic calcification
Ev D Diaphragmatic eventration
Id [] Indistinct diaphragm

MEDIASTINAL

Ao [ | Aortic abnormality
Co [ ] Cardiac abnormality
Cp [ | Corpulmonale signs
Lh [ ] Indistinct left ventricle
Lv [ | Leftventricular failure signs
Pe D Suspected pericardial fat pad
Va D Non-aortic cardiac vascular abnormality

LUNG AND HILUM

Az
Br
Bu
Ca
Em
Es
Hi
Ho
Hy
Ki
Pn

]

JOoOodooadod

Azygous lobe or fissure
Bronchiectasis ( not TB)
Bullae

Suspected cancer

Definite emphysema

Hilar node eggshell calcification
Hilar lymphadenopathy
Honeycomb lung

Hyperinflation

Kerley lines

Pneumoconiosis

a.1 Other Disease:

s2Comments: i

04 Reader: L,,, -

osReading date: ~ "o

Figure Report form for the CXR reading and recording system (CRRS 2004).
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APPENDIX B

Instructions for the use of the chest radiograph read-
ing and recording system (CRRS 2004) for surveys
of TB and lung disease (developed by the late Prof
Neil W White).

1 The chest X-ray (CXR)

a This system is designed for recording features
observed on a standard-sized postero-anterior CXR
performed in the recommended manner.

b Reference radiographs, like those of the UICC/ILO
set, should be interspersed with those of the sub-
jects to ensure that descriptions of profusion and
size of nodules remain constant.

¢ Where previous or follow-up radiographs are
available, these may be provided with the index
set, to enable the clinical course of the disease to be
assessed.

2 The readers

a The system has been developed for use by trained
radiologists or experienced respiratory physicians
who are able to correctly recognise and interpret
CXR abnormalities of all varieties.

b All readers should receive training in the use of the
CRRS, preferably at a common session to ensure
consistency of use and interpretation of instruc-
tions. It is recommended that training involve at
least 50 CXRs containing abnormalities, and that
readers agree on interpretation and rating of abnor-
malities on these CXRs before they begin to assess
the test series.

¢ For the purposes of surveys, CXRs should be read
by two readers, and concordance should be obtained
on the major categories of abnormalities; the pres-
ence of tuberculous disease (current or healed),
parenchymal abnormalities (broad agreement of
primary lesions), pleural disease and abnormalities
of central structures. Where reports differ, consen-
sus should be sought in each case.

d The readers should be ‘blinded’ to the history and
clinical features of each subject and to the report of
the other reader. Where rereading is performed, the
order of presentation for reading should be altered.

3 The report form

a Form number The report form (Appendix A) is a
single page and has a unique serial number and po-
sitioning blocks at each corner to permit the con-
tents of each response block to be captured elec-
tronically via a high quality facsimile machine or
scanner. The data can be ordered and stored ac-
cording to the unique form number, ensuring sub-
ject confidentiality. In addition, each subject is
identified by a subject number.

b Completing the form The form is completed by
hand. Use of a soft black pencil is advised. To en-

able electronic capture, a cross should be made in
each block with bold strokes. Care must be exer-
cised to ensure that as much of the block as pos-
sible is covered by the cross, and, although it is ac-
ceptable to stray outside the block, no mark must
be allowed to appear in a neighbouring square.
The following fields are completed in order:

Section 0

0.1 Subject number For reasons of confidentiality,
the form must not contain any personal identifiers
such as name, date of birth, or address. Instead, each
subject or patient is assigned a unique subject number
up to S digits. The code linking subjects to their num-
bers must be stored separately by a designated clinical
researcher, according to requirements of the local ethics
review board. Each digit (1 to 9) is made recognisable
for electronic capture writing them as squared-off
numbers on a grid of 6 dots arranged in two columns
of 3. Numbers are written as follows: 1 = join 3 left
hand dots; 2 = join all dots starting with the top
left dot and ending at the right bottom dot; 3 = join
all dots starting with top left dot to form a 3; 4 =
join top two dots on left, middle two and all 3 on
right; 5 = join top dots, left hand upper two, middle
two, right lower two and bottom two; 6 = join top
two, left three, bottom two, right lower two and
middle two; 7 = join upper two and right hand three;
8 = join all 6 dots to form the number 8; 9 = join top
two, left hand top two, middle two and right hand 9.
0.2 Date of X-ray The date is entered in numbers
as described above, beginning with the day, then
the month in numerals, and then the year as four
digits.

0.3 Radiograph quality Radiograph quality is judged
as follows. 1 = high quality, 2 = acceptable quality,
3 = poor quality, barely readable (caution must be
exercised in interpreting abnormalities on radio-
graphs of this quality), and 4 = unreadable radiograph
(no attempt should be made to read such radio-
graphs). When 2, 3 or 4 is entered, a comment
should be entered in the adjacent block identifying
the nature of the quality deficiency. Examples are:
over-exposed, under-exposed, movement artefact,
poor positioning of subject, and absence of date or
subject identifier.

Section 1.0

This section requires a response to the question ‘Ra-
diograph completely negative?’. If answered in the af-
firmative, no further details need to be recorded, and
the exercise is complete. However, as this can only be
completed when a full assessment of the radiograph
has been made, it should be completed last, and only
when no other entries of positive features have been
made on the form.
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Section 2.0

Features of TB The question ‘Any abnormalities
consistent with TB?’ serves as a summary statement
for the presence of features of TB useful for preva-
lence studies. These may involve any of the thoracic
structures (parenchyma, pleura, nodes or bones), and
the question refers to any lesions, whether considered
active or ‘healed’. This question should only be com-
pleted when the assessment of each of the thoracic
structures and Sections A to E have been completed.

Section A

A.1 Parenchymal abnormalities A.1 records the
presence of parenchymal abnormalities, categorising
them into cavities, fibrosis, infiltrates or nodules. Fi-
brosis refers to scarring of the lungs considered to be
caused by TB, and should not be used to describe dif-
fuse fibrosis as occurs in idiopathic pulmonary fibro-
sis and other forms of diffuse parenchymal disease.
TB-related fibrosis occurs in characteristic locations—
the apico-posterior or apical regions of the upper
lobes—but can occur elsewhere and be extensive. In-
filtrates refers to all intra-pulmonary opacities con-
sidered not to represent cavitation, fibrosis or nodules
(of any size). This includes consolidation of lung pa-
renchyma. Changes that are dominant are described
as primary (A.1.1), and those of lesser significance as
secondary (A.1.2). This requires the clinical judgment
of the reader, and is based upon the likely origin of the
lesion and its clinical effects. More than one block
may be scored. In A.1.3, the number and location of
lung zones affected by the pathology in A.1.1 and
A.1.2 is recorded as left and right lungs, upper, mid
and lower zones, as viewed on a PA radiograph.

A.2 Nodular abnormalities Question A.2 is only
used if the reader has recorded the presence of nod-
ules as a primary or secondary abnormality in ques-
tion A.1. First, their size is recorded. This is recorded
in one of three size categories: <1.5 mm, 1.5-3.5
mm, or 3.5-10 mm in diameter. Unlike the UICC/ILO
classification, the shape of the lesions (rounded or ir-
regular) is not recorded. When they are homoge-
neous, the size response is entered as a primary ab-
normality. If size is heterogeneous, the predominant
lesion should be considered primary, and the minority
lesion size as secondary. The second exercise is to
record profusion. In accordance with the methodology
of the UICC/ILO classification, profusion is scored on
a 12-point scale ranging from 0/— to 3/4 (0/—, 0/0, 0/1,
1/0, 1/1, 1/2, 2/1, 2/2, 2/3, 3/2, 3/3, 3/4). The appro-
priate profusion score is entered as a single point on a
latin square on the report form. The UICC/ILO stan-
dard reference radiographs may be used as a check of
scaling and consistency of recording (see 1.b, above).
A.3 Mycetoma Questions A.3, A.4 and A.5 describe
specific pathologies. In A.3, the presence of a myce-
toma (almost always within a pre-formed cavity) is

recorded as absent or present, and the lung in which
it occurs is recorded as left and/or right.

A.4 Granulomas These differ from nodules in that
they are usually larger than 10 mm, and are frequently
calcified. They are recorded as absent, or if present, the
lung in which they occur is noted, as is the presence or
absence of calcification. If non-calcified, other causes
of solitary nodules should be considered, and this
should be recorded as ‘Ca’ (suspected cancer) in sec-
tion E.1. Non-calcified granulomas should only be
considered as being caused by TB if they occur in the
presence of other clearly identifiable features of TB.
A.S5 Lobar volume loss/collapse/bronchiectasis The
presence of any of these features is recorded as ab-
sent, or present in the right and/or left lung. They are
grouped, as in TB these features frequently co-exist
and may be difficult to distinguish without the assis-
tance of computerised tomography.

Section B

B.1 Pleural abnormalities The presence of any
pleural abnormality is recorded. If any is present, the
following three forms of pleural disease that are com-
monly associated with TB are recorded.

B.2-B.4 Apical caps, pleural effusions or thickening
(these can be difficult to distinguish from one another
and are therefore grouped) and costophrenic angle
obliteration, often a sign of early or previous pleural
disease. The latter is reserved for when there is no ev-
idence of effusion/thickening superior to the costo-
phrenic recess, i.e., extending up the lateral chest wall.

Section C

Previous X-ray The value of viewing previous radio-
graphs is recognised in this question. If any are avail-
able, the reader is required to simply select the most
appropriate radiograph from which to judge the
natural history or ‘projectile’ of the abnormality; are
the abnormalities improving, unchanged or deterio-
rating? This requires clinical judgement. The date of
the comparator radiograph is entered in block nu-
merals, as described above.

Section D

D.1 Central structure abnormalities The following
features, each commonly associated with tuberculous
disease, are recorded:

D.2 Tracheal deviation

D.3 Hilar elevation

D.4 Mediastinal shift

D.S Pericardial effusion Unless calcified, the radio-
graph has low accuracy for distinguishing pericardial
effusions from other causes of an enlarged cardiac sil-
houette. The latter should be considered in each case,
and other features of left ventricular failure should be
sought.
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D.6 Lymphadenopathy (subcategorised as hilar, me-
diastinal and/or calcified).

Section E

E.1 Any other abnormality consistent with tubercu-
losis A coded box allows entry of yes or no, but the
abnormality may be entered in writing. Examples are
pericardial disease or bone involvement.

Section 3.0

Any other abnormality This summary question re-
lates to Section F, which comprises, for convenience
of reporting, a checklist of abnormalities under the
following headings: surgical (signs of surgical inter-
ventions), skeletal (bony abnormalities), pleural dis-
ease (other than that described above under features
of TB), mediastinal, and abnormalities of the lungs
and hilum. To aid the user, definitions of the abnor-
malities appear on the report form. Mesothelioma

refers to suspected mesothelioma. Honeycomb lung is
applied to areas of diffuse reticulation representing
broad bands of fibrosis, as occurs in the presence of
extensive parenchymal fibrosis.

Section G

G.1 Other disease The reader has an option to use
free text to provide a radiological diagnosis of any
specific disease entity that has not been adequately
covered.

G.2 Comments This may be used to elaborate on
any symbol used, to describe another (non-disease)
abnormality or provide further details about condi-
tions mentioned in Section G.1.

0.4 Reader This section resumes from the first sec-
tion. The reader’s name is recorded.

0.5 Reading date Date of the reading is recorded in
squared digits (as described above).

RESUME

OBJECTIF: Elaboration et évaluation d’un nouveau
systeme de lecture et d’enregistrement des clichés thora-
ciques (CRRS) pour les enquétes concernant la tubercu-
lose (TB) et les maladies pulmonaires dans la collectivité.
SCHEMA: Un pneumologue expérimenté a lu 2.608 cli-
chés thoraciques réalisés au sein d’une enquéte de préva-
lence de la TB en utilisant le CRRS élaboré récemment.
Le kappa (k) pour la concordance entre lecteurs a été
calculé aprés qu’un deuxiéme lecteur ait enregistré ses
résultats dans un échantillon stratifié pris au hasard de
810 (31%) des 2.608 clichés thoraciques. Le k de con-
cordance chez le méme lecteur a été calculé a partir de ré-
sultats enregistrés a répétition dans un échantillon de
104 clichés thoraciques stratifié et pris au hasard.

RESULTATS : Le k de concordance entre les deux lecteurs

a été de 0.69 (IC95% 0,64-0,74) pour les anomalies
compatibles avec une TB et de 0.47 (IC95% 0,42-0,53)
pour n’importe quel type d’anomalies. Le k de concor-
dance entre deux lectures du méme lecteur a été de 0,90
(IC95% 0,81-0,99) pour les anomalies compatibles
avec une TB et de 0,85 (IC95% 0,74-0,95) pour n’im-
porte quel type d’anomalies.

CONCLUSION : Cette méthode standardisée de lecture et
d’enregistrement des clichés thoraciques obtient des con-
cordances satisfaisantes entre lecteurs et chez le méme
lecteur, ce qui la rend adéquate pour les enquétes de TB
et d’autres maladies pulmonaires dans la collectivité.
Son utilisation permettra la comparaison des résultats
obtenus dans différentes enquétes.

RESUMEN

OBEJTIVO : Establecer y evaluar un nuevo sistema de
lectura y registro de las radiografias de torax (CRRS)
para estudios comunitarios sobre tuberculosis (TB) y en-
fermedades pulmonares.

METODO : Un neumoélogo con experiencia ley6 2608 ra-
diografias de torax que formaban parte de una encuesta
de prevalencia de TB, utilizando el CRRS. El indice k de
concordancia entre los lectores se calcul6 teniendo en
cuenta el informe de la segunda lectura de una muestra
aleatoria de 810 de las 2608 radiografias toracicas
(31%). El indice k de concordancia para cada lector se
calcul6 a partir de los informes repetidos de una muestra
estratificada de 104 radiografias de térax.
RESULTADOS: Fl indice k de concordancia entre dos

lectores fue 0,69 (IC95% 0,64-0,74) para las anomalias
indicativas de TB y 0,47 (IC95% 0,42-0,53) para todo
tipo de anomalias. El indice k de concordancia para cada
lector fue 0,90 (IC95% 0,81-0,99) para las anomalias
indicativas de TB y 0,85 (IC95% 0,74-0,95) para todo
tipo de anomalias.

CONCLUSION : Este método normalizado para la lectura
y el registro de las radiografias de térax comporta un
grado satisfactorio de concordancia intra e interobserva-
dores, que lo hace idoneo para las encuestas sobre TB y
otras formas de enfermedad pulmonar en la comunidad.
Su utilizacién permitira establecer comparaciones entre
los resultados obtenidos en diferentes estudios.




