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Variability in interpretation of chest radiographs among
Russian clinicians and implications for screening
programmes: observational study
Y Balabanova, R Coker, I Fedorin, S Zakharova, S Plavinskij, N Krukov, R Atun, F Drobniewski

Abstract
Objective To determine variability in interpretation of
chest radiographs among tuberculosis specialists,
radiologists, and respiratory specialists.
Design Observational study.
Setting Tuberculosis and respiratory disease services,
Samara region, Russian Federation.
Participants 101 clinicians involved in the diagnosis
and management of pulmonary tuberculosis and
respiratory diseases.
Main outcome measures Interobserver and
intraobserver agreement on the interpretation of 50
digital chest radiographs, using a scale of poor to very
good agreement (� coefficient: ≤ 0.20 poor, 0.21-0.40
fair, 0.41-0.60 moderate, 0.61-0.80 good, and
0.81-1.00 very good).
Results Agreement on the presence or absence of an
abnormality was fair only (� = 0.380, 95% confidence
interval 0.376 to 0.384), moderate for localisation of
the abnormality (0.448, 0.444 to 0.452), and fair for a
diagnosis of tuberculosis (0.387, 0.382 to 0.391). The
highest levels of agreement were among radiologists.
Level of experience (years of work in the specialty)
influenced agreement on presence of abnormalities
and cavities. Levels of intraobserver agreement were
fair.
Conclusions Population screening for tuberculosis in
Russia may be less than optimal owing to limited
agreement on interpretation of chest radiographs,
and may have implications for radiological screening
programmes in other countries.

Introduction
Radiological examination plays an important part in
the diagnosis and monitoring of tuberculosis, particu-
larly in the Russian Federation, yet the control of
tuberculosis in Russia remains a challenge and an eco-
nomic burden.1 Case finding is based on fluorographic
screening of the population, and diagnosis may be
made on the basis of radiological abnormalities
without bacteriological confirmation.2 3

We determined interobserver and intraobserver
variability in interpretation of chest radiographs
among a group of Russian clinicians from the
disciplines of radiology, respiratory medicine, and
tuberculosis.

Methods
Our study was carried out in Samara, a Russian city
about 1000 km south east of Moscow (population
1.2 million). We invited to take part in our study all
specialists in tuberculosis, respiratory physicians
from the two main local general hospitals, radiologists
specialising in tuberculosis, and general radiologists.

The study material consisted of 50 high
resolution digital posterior-anterior chest radiographs
selected from the archives at King’s College

Table showing levels of experience is on bmj.com
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Hospital, London. Thirty seven of the radiographs
showed an abnormality and 13 were reported as
npick;265132balyplus;0;0ormal.

To assess intraobserver agreement, we randomly
repeated 10 pairs of radiographs in the set. The
participants were familiar with the digital format, as
both conventional film radiographs and digital
radiographs are used in Russia. We converted these
series of digital images into a high resolution slide
presentation (Microsoft Powerpoint), which was
reviewed by each participant in a darkened room dur-
ing a single viewing session, independently from the
other participants. Abnormal and normal images were
randomly mixed and each participant reviewed them
in the same order. Each image was reviewed for two
minutes, a period determined from a pilot study and
one which approximates to the time spent reviewing
images in population screening. No clinical informa-
tion was provided.

The participants recorded their interpretation of
each radiograph on a structured questionnaire, using a
five point scale4: 1 = normal; 2 = abnormal but not
clinically important; 3 = not certain, warrants further
diagnostic evaluation; 4 = abnormal diagnosis uncer-
tain, warrants further diagnostic evaluation; and
5 = abnormal—diagnosis apparent but warrants appro-
priate clinical management.

The questionnaire also included categorical ques-
tions on the localisation of an abnormality and the
presence of cavities. The participants were asked
whether the radiographic findings were consistent with
a diagnosis of tuberculosis and, if so, which form
(according to the Russian classification system) and
whether it was likely to be active. If observers suspected
another diagnosis, they were asked to state the most
likely diagnosis.

Statistical analysis
We generated a receiver operating curve for three sub-
groups: tuberculosis specialists, general radiologists,
and respiratory specialists. To decrease the subjectivity
of a single expert decision and to limit bias due to dif-
ferences in professional practice between UK and Rus-
sian clinicians, we took a reference standard from a
majority decision of the specialist radiologists on the
question of whether the findings were consistent with
tuberculosis. We used this standard to compare the
performance of the other participants with that of the
specialist radiologists. The participants were blind to
the reference standard.

To assess interobserver agreement among the par-
ticipants and within the three subgroups, we used �
statistics for multiple observers (�m), which is a measure
of agreement beyond the level of agreement expected
by chance alone. We also used � statistics to measure
intraobserver agreement between the two reports of
radiographs that had been repeated. We adopted the
guidelines for interpretation of � coefficients from
Altman: < 0.20, poor agreement; 0.21-0.40, fair agree-
ment; 0.41-0.60, moderate agreement; 0.61-0.80 good
agreement; and 0.81-1.00 very good agreement5; we
also calculated 95% confidence intervals.6 By averaging
the � values of each lung zone, we calculated the mean
interobserver and intraobserver � statistics for localisa-
tion of an abnormality.

Results
Overall, 61 of 80 (76%) tuberculosis specialists agreed
to participate in our study, as did 15 of 18 (83%) respi-
ratory specialists, all 12 specialist radiologists, and all
13 general radiologists (see table on bmj.com).

Overall agreement on the presence or absence of
an abnormality on chest radiographs was fair only
(�m = 0.380). Interobserver agreement was highest
when we compared both normal findings and
abnormal but not clinically important findings with the
other responses (not certain, warrants further diagnos-
tic evaluation; abnormal diagnosis uncertain, warrants
further diagnostic evaluation; and abnormal—
diagnosis apparent but warrants appropriate clinical
management), although even then agreement was only
moderate (0.479).

Agreement on localisation of abnormalities was
moderate only (0.448; range 0.351-0.547) and agree-
ment on determining a diagnosis of tuberculosis was
fair only (0.387). For each of the 50 radiographs
reviewed, tuberculosis was offered as a diagnosis by at
least one participant. Agreement was highest among
the radiologists, but still only moderate (0.448; see
bmj.com).

When we combined normal findings with
abnormal but not clinically important findings,
the more experienced participants showed greater
agreement on presence or absence of abnormalities
(0.388, 95% confidence interval 0.383 to 0.393 v 0.355,
0.316 to 0.353) and detection of cavities (0.450,
0.444 to 0.456 v 0.354, 0.331 to 0.376), but not
when we took all five responses into account. Level of
experience made little difference to agreement on
localisation of an abnormality and tuberculosis as a
diagnosis.

We analysed agreement between the general
radiologists and the specialist radiologists separately.
The specialist radiologists showed higher levels of
agreement on the four main questions posed: is a
clinically important abnormality present, is a cavity
present, are radiographic findings consistent with
tuberculosis, and is the tuberculosis active? When
comparing the majority decision among participating
groups of doctors against the reference standard (fig-
ure), the areas under the receiver operating curve
were: tuberculosis specialists, 0.88 (95% confidence
interval 0.78 to 0.98); respiratory specialists, 0.81 (0.68
to 0.94); and general radiologists, 0.81 (0.67 to 0.95),
illustrating no statistically significant variation in the
performance of respiratory specialists or general
radiologists from the reference opinion of whether
the chest radiograph showed possible tuberculosis.
The majority opinion of tuberculosis specialists
was significantly closer to the opinion of the reference
group than to the opinions of the other two
groups.

Intraobserver agreement for all responses on
repeated radiographs was fair to moderate only (see
bmj.com). The radiologists had the highest levels of
agreement (moderate to good; � range 0.529-0.627).

Between doctors with less than five years’
experience and those with five or more years’
experience, the largest difference in intraobserver
agreement was in assessing whether an abnormality
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was present (0.423 v 0.465). Experience did not seem
to play an important part in interobserver agreement
for presence of abnormalities (0.215 v 0.219), being
low overall.

Discussion
The interpretation of chest radiographs by Russian
clinicians involved in the screening for and treatment
of tuberculosis in Samara region is highly subjective
and agreement was often low.

As Samara is a typical Russian city we believe that
our findings may be generalisable throughout the Rus-
sian Federation. Levels of agreement were similar to
other reports,7–14 but these studies were not carried out
in settings where mass population screening is routine
practice, or in a post-Soviet environment.

In our study, professional experience had some
influence on the ability to detect abnormalities, includ-
ing cavities, which may be a prerequisite for any
successful method for screening populations. In
general, the effect of professional seniority on levels of
diagnostic agreement was limited. Intraobserver agree-
ment was not high overall, with radiologists showing
most consistency in agreeing with their previous opin-
ions on chest radiographs.

The effectiveness of the Russian model of
screening (general population screening is mandatory
and annual targets are set) depends on the tools used
(radiology) and the interpretation of findings. Given
the relatively low intraobserver and interobserver
agreement we found in the interpretation of chest
radiographs, the implications are profound as a signifi-
cant number of the general population may be
wrongly told that they have tuberculosis. This has
repercussions both for the individual and for the
tuberculosis programme, as considerable scarce
resources may be used to exclude a diagnosis of tuber-
culosis. Under-capacity in microbiological laboratory
services means that refuting a putative diagnosis of
tuberculosis is prone to error. It seems likely that many
people are potentially wrongly diagnosed as having

tuberculosis. Moreover, many patients with tuberculo-
sis may not be identified.

Our study was limited in two ways. Firstly, owing to
the small number of chest radiographs selected for
second review, the � values for intraobserver agree-
ment had wide confidence intervals. Secondly, the
presence and type of abnormality was based on only
one plain posterior-anterior chest radiograph. There-
fore care should be taken in extrapolating results to
routine clinical practice if clinical history, results of
physical examination, and other radiographs are avail-
able.

Our study highlights the subjective nature of
interpreting radiographs and the problems that
such subjectivity has on management decisions for
patients and on the effectiveness of an active
post-Soviet screening programme. Clinical diagnoses
and monitoring of progress should, whenever
possible, be supported by the submission of
pathological material for bacteriological or molecular
examination.

We assessed the effectiveness of a screening
programme provided by radiologists in Samara
region. This region has an adult population of two
million and an estimated prevalence of tuberculosis
of 80 per 100 000. The positive predictive value
(assuming sensitivity of 63% and specificity of 97%) is
likely to be in the order of 1.7%; a maximum of 60 000
people without tuberculosis potentially would be
subjected to unnecessary further investigations. The
Russian government should be strongly advised to
revise their screening policy and make better use of
limited healthcare resources.
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What is already known on this topic

Radiological screening is an important tool in
diagnosing tuberculosis

What this study adds

The interpretation of chest radiographs among
health professionals is limited

In the absence of symptoms, population screening
programmes for tuberculosis have a low positive
predictive value
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Temporal trends in multiple births after in vitro
fertilisation in Sweden, 1982-2001: a register study
Bengt Källén, Orvar Finnström, Karl Gösta Nygren, Petra Otterblad Olausson

During the 20 years since the first child was born in
Sweden after in vitro fertilisation, clinical policy has
changed. During the early 1990s, the clinics perform-
ing in vitro fertilisation and the National Board of
Health and Welfare agreed to reduce the number of
embryos transferred to the uterus during in vitro ferti-
lisation from three to two. Here, we describe the
changes in multiple birth rates that have resulted from
this change and their impact on the rate of preterm
birth. In future papers we intend to describe maternal
and child characteristics in greater detail.

Participants, methods, and results
In Sweden 17 hospitals or private clinics perform in
vitro fertilisation. The National Board of Health and
Welfare requested information from these laboratories
on all women who had undergone in vitro fertilisation
and who had had a baby or whose pregnancy outcome
was not known. By linking these data with the Swedish
medical birth register, we identified infants born from
1982 to 2001.1 2 This register covers nearly all deliver-
ies in Sweden and is based on copies of medical docu-
ments from the antenatal care, the delivery, and the
paediatric examination of newborn infants.

We compared the infants born after in vitro fertili-
sation and identified in the registry with all infants

born in Sweden and recorded in that registry
(2 039 943 during 1982-2001). We performed statisti-
cal analyses using the Mantel-Haenszel technique, with
adjustment for various putative confounders. We
expressed risks as odds ratios and calculated 95% con-
fidence intervals with a test-based method (according
to Miettinen).

We studied a total of 13 261 births after in vitro fer-
tilisation, which resulted in 16 280 infants registered.
The figure shows the changes in percentage of twin
deliveries according to year of birth, with the first seven
years added because of low numbers. The twinning
rate increased to a maximum of 29% in 1991 and then
decreased steadily to 18.5% in 2001. The annual
number of triplet deliveries after in vitro fertilisation
varied between 11 and 32 during 1992-6, and between
three and seven after 1997. All seven sets of
quadruplets were born before 1994.

The impact of the reduction of multiple births on
the rate of preterm births is marked. In 1991, the crude
odds ratio for preterm birth was 9.41 (95% confidence
interval 7.58 to 11.67) and the odds ratio adjusted for
maternal age (in 5 year groups, < 20, 20-24, etc), parity
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What is already known on this topic

Pregnancies occurring after in vitro fertilisation
are characterised by high rates of multiple births
and, as a consequence, high rates of preterm
births

During the 1990s Swedish fertility clinics agreed
to reduce from three to two the number of
embryos transferred to the uterus during in vitro
fertilisation

What this study adds

The rate of multiple births after in vitro
fertilisation increased to a maximum of 29% in
1991 but fell to 18.5% by 2001, resulting in a 70%
reduction of preterm births
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