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Inter- and intra-observer variability
in the assessment of atelectasis
and consolidation in neonatal chest

radiographs

Abstract Background. Radiology is
an essential part of neonatal inten-
sive care. Interpretation of chest
radiographs frequently contributes
to respiratory management of neo-
nates, but there has been little as-
sessment of the consistency of this
interpretation.

Objective. To assess the inter- and
intra-observer variability for the re-
porting of atelectasis and/or con-
solidation in neonatal chest
radiographs.

Materials and methods. A total of
585 chest radiographs from the

220 babies ventilated in our nursery
over a 2-year period were coded by
two radiologists for generalised, lo-
bar and segmental atelectasis and/or
consolidation. Two months later one
of the radiologists re-coded a ran-
dom sample of these films (n = 117,
20%). Agreement was assessed by
the kappa statistic and by propor-

tions of agreement for normality
and abnormality.

Results. The reported incidence of
focal atelectasis was low (5-6 % ).
Focal changes of any nature were
found in 21-26 % of films. Inter-ob-
server agreement was fair to moder-
ate (kappa = 0.25-0.44). Intra-
observer agreement was mostly
moderate to good (kappa =
0.38-0.66).

Conclusion. The poor inter-observer
agreement for the diagnosis of pul-
monary parenchymal abnormalities
on chest radiographs of neonates
receiving intensive care suggests
that abnormalities should be de-
scribed rather than diagnoses given
or that a list of differential diagnoses
be offered. When research involves
radiographic interpretation, the po-
tential lack of consistency in report-
ing abnormalities must be borne in
mind.

Introduction

A neonate requiring intensive care is at risk of develop-
ing pulmonary atelectasis and consolidation. Atelectasis
is a complication of extubation, occurring in 10-50 % of
cases [1, 2]. The diagnosis of atelectasis or consolida-
tion, which is made radiographically, may result in a
change in management such as the institution of chest
physiotherapy [3, 4]. A recent report of inter-observer
variability in the assessment of chest radiographs in neo-
natal chronic lung disease found that there was consid-
erable variation among radiologists [5]. However, to
our knowledge, the inter- and intra-observer variability

for the assessment of atelectasis and/or consolidation in
neonatal chest radiographs has not been reported pre-
viously.

We have recently conducted a retrospective review
of all post-extubation radiographs taken in our unit
over a 2-year period to assess the efficacy of chest phy-
siotherapy in preventing post-extubation atelectasis [6].
We found that there was no difference in the incidence
of post-extubation atelectasis among babies who re-
ceived physiotherapy and those who did not, or between
pre- and post-extubation films. The films had been re-
viewed by two radiologists and the results were the
same regardless of which radiologist’s data were used.
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Table 1 Incidences of abnormality for each radiologist. Values are
percent (n = 585). Focal changes include lobar and segmental ab-
normalities

Atelectasis Consolidation ~ Volume loss
Any  Focal Any Focal Any  Focal
Radiologist 1 18.1 5.8 37.9 18.6 432 21.5
(RLT)
Radiologist 2 9.4 5.0 36.4 23.1 41.4 26.2
(MV)

Only one data set was used in the previous publication
[6]. However, we wished to look at the level of agree-
ment between the two radiologists more closely. We
therefore assessed the inter-observer variability of the
two radiologists and the intra-observer variability of
one of the radiologists who reviewed a subset of the
films.

Materials and methods

Two radiologists — a registrar and a consultant — coded 585 AP
chest radiographs from the 220 babies who were ventilated on our
unit over a period of 2 years (1993-1995). We identified post-extu-
bation films by hand, searching the radiology packets of every baby
admitted to our intensive care unit. During this period, babies rou-
tinely had a chest radiograph taken 4 h after extubation. We also
selected the film immediately preceding the post-extubation film,
which was mostly taken in the preceding 24 h. If a baby was extu-
bated on more than one occasion, each episode was eligible.
During the first year, all babies received peri-extubation physio-
therapy; during the second year, no baby did. During the study pe-
riod, babies suspected of having hyaline membrane disease
routinely received surfactant. Most babies (and all very low birth
weight babies) received continuous positive airway pressure imme-
diately after extubation.

We obscured all identification on the films. The radiologists
coded the films randomly and independently in terms of general-
ised, lobar or segmental atelectasis and/or consolidation. Atelecta-
sis was defined as areas of volume loss, consolidation as opacity of
the air spaces. During the course of this study, it became clear that
in this neonatal population it was often difficult to differentiate
atelectasis from consolidation. Therefore, during the analysis,
atelectasis and consolidation were also combined as ‘volume loss’
to determine whether this led to an improvement in the inter-ob-
server variability (see “Results”).

Radiographers attempted to take all chest radiographs during
the inspiratory phase and any loss of volume on the chest films
was coded as generalised atelectasis rather than attributing lungs
of small volume to an expiratory film: this was to avoid missing
any cases of atelectasis. After a delay of 2 months, one of the ra-
diologists (R.L.T.) coded a randomly selected subset of films a sec-
ond time to assess intra-observer variability.

We have assessed inter- and intra-observer variability by the
kappa statistic and by proportions of agreement for normality and
abnormality [7]. Kappa <0.2 is generally accepted to represent
poor agreement, 0.21-0.4 fair agreement, 0.41-0.6 moderate agree-
ment and 0.61-0.8 good agreement. Kappa > 0.8 represents excel-
lent agreement [8]. We looked for observer bias with McNemar’s
test [7].

Results

A total of 585 films were reviewed from the 220 babies
ventilated on our unit during 1994 and 1995. The
median (range) birth weight was 1228 (510-4595) g
and the median (range) gestational age was 29
(24-42) weeks. There were 297 post-extubation films
and 288 pre-extubation films. All 585 films were treated
as one group, since there were no differences in the inci-
dence of atelectasis or consolidation between the pre-
extubation and the post-extubation films, nor between
babies who received peri-extubation physiotherapy and
those who did not [6]. Focal atelectasis (lobar or seg-

Table 2 The P value for kappa refers to the probability that agreement is different from that expected by chance. *** P < 0.001, NS not
significant, P, proportion of agreement for abnormality, P, proportion of agreement for normality

Inter-observer variability (n = 585)

Intra-observer variability (n = 117)

kappa Observer Pﬂbll Pnorm kappa Pabn Pnorm
bias (P) (95% CI) (95% C1) (95% CI) (95% CI)
Any atelectasis 0.27%#%* < 0.001 0.22 0.81 0.38%#:#* 0.31 0.81
(0.15-0.29) (0.78-0.85) (0.14-0.48) (0.74-0.89)
Any consolidation 0.42%:%* NS 0.46 0.64 0.66%** 0.63 0.79
(0.41-0.52) (0.60-0.69) (0.49-0.76) (0.71-0.88)
Any volume loss 0.445%5%* NS 0.49 0.63 0.65%#* 0.63 0.78
(0.44-0.55) (0.59-0.68) (0.49-0.76) (0.69-0.87)
Focal atelectasis 0.35%** NS 0.24 0.93 0.43%%* 0.30 0.94
(0.12-0.35) (0.91-0.95) (0.02-0.58) (0.89-0.98)
Focal consolidation 0.25%:** <0.05 0.25 0.73 0.54 %% 0.43 0.88
(0.19-0.31) (0.69-0.77) (0.23-0.64) (0.82-0.94)
Focal volume loss 0.28%:k* <0.05 0.29 0.71 0.54%:%* 0.45 0.85
(0.23-0.35) (0.67-0.75) (0.27-0.63) (0.78-0.92)
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Table 3 Inter-observer varia-

I, s Unweighted Weighted P, P
bility for each individual lobe. abn norm
(5 P < 0,01+ P £ 0001 Py kappa kappa (95% CI) (95% CI)
and P, ., proportion of agree- Atelectasis
ment for abnormality and nor- Right upper lobe 0.36% 0.407 0.27 0.96
mality, respectively) (0.09-0.46) (0.96-0.98)
Right middle lobe 0.25% % 0.24 %% 0.33 0.99
(- 0.20-0.87) (0.98-1.00)
Right lower lobe 0.25%%* 0.25%%* 0.20 0.99
(- 0.15-0.55) (0.98-1.00)
Left upper lobe 0.11%* 0.21%** 0.00 0.98
(0.00-0.00) (0.97-0.99)
Lingula 0.00 0.00 0.00 0.99
(0.00-0.00) (0.99-1.00)
Left lower lobe 0.19%%* 0.19%** 0.20 0.99
(- 0.15-0.55) (0.98-1.00)
Consolidation
Right upper lobe 0.38%* 0.427%%* 0.47 0.89
(0.33-0.61) (0.87-0.92)
Right middle lobe .27 (.28 0.36 0.93
(0.16-0.56) (0.91-0.95)
Right lower lobe 0.18%* 0.18%%* 0.23 0.86
(0.12-0.34) (0.83-0.89)
Left upper lobe 0.32%%%* 0.32%%* 0.67 0.89
(0.49-0.84) (0.86-0.92)
Lingula 0.1 (.13 0.13 0.96
(- 0.10-0.35) (0.95-0.98)
Left lower lobe 0.15%* 0.15%%* 0.39 0.84
(0.23-0.56) (0.81-0.87)

mental abnormalities) was reported in approximately
5%, consolidation in 37 % and volume loss in 42 % (Ta-
ble 1). Agreement between the two observers for gener-
alised or focal atelectasis and consolidation using the
kappa statistic was poor (Table 2), a kappa > 0.4 being
generally accepted to represent moderate agreement
[8]. Closer examination of the raw data suggested that
there were consistent differences between radiologists
in the classification of parenchymal abnormalities. This
suspicion was supported by the finding of significant ob-
server bias and by the very poor proportions of agree-
ment for abnormality, but good proportions of
agreement for normality (Table 2). We therefore recal-
culated kappa after combining the findings of atelectasis
and consolidation as volume loss. This led to an im-
provement in kappa to a moderate level of agreement
(kappa = 0.44), with bias no longer significant. The pro-
portion of agreement for abnormality also improved, al-
though it was still less than 0.5 (Table 2).

We also analysed the findings in each lobe separately.
As there were different grades of abnormality (normal,
segmental abnormality and lobar abnormality) we calcu-
lated both unweighted and weighted kappa [9], with par-
tial agreements between segmental and lobar
abnormalities given a weighting of 0.75 and partial agree-

ments between normal and segmental abnormalities
given a weighting of 0.25. As expected, the weighted kap-
pas were better than the unweighted scores; however,
overall agreements were poor (Table 3). Interestingly,
the best agreements were for the right upper lobe. The
proportion of agreement for absence of abnormality was
again excellent (0.84-0.99), but with very poor agreement
on the classification of abnormality present (Table 3).

The results for intra-observer variability were better,
although still only showing moderate agreement for the
finding of atelectasis (Table 2).

Discussion

We have assessed the inter- and intra-observer variabil-
ities for the finding of pulmonary parenchymal abnor-
malities (atelectasis and/or consolidation) in a large
number of neonatal radiographs. The incidence of focal
atelectasis (5-6 %) is lower than reported elsewhere |1,
2], although focal abnormality of some description was
found in over 20 % of films.

The kappa statistic compares the observed and ex-
pected amounts of agreement. The expected amount of
agreement represents that due to chance and is depen-
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dent on the prevalence of the attribute being measured.
The inter-observer kappa values reported here repre-
sent, at best, moderate agreement, but are not dissimilar
to those described elsewhere for radiographic interpre-
tation [10-13] and are substantially better than those de-
scribed in a recent report of the interpretation of chest
radiographs in neonatal chronic lung disease [5]. The
highly significant P values for kappa that we report de-
monstrate that the agreement found is significantly dif-
ferent from that expected by chance. They do not
indicate the level of agreement. In fact, kappa does not
measure agreement, but association of assessments
similar to the way that the correlation coefficient indi-
cates associations for continuous variables.

A better way to measure the inter-observer variation
of categorical variables is to calculate 95% limits of
agreement, considering agreement for normal and ab-
normal assessments separately [12]. These are termed
the proportions of agreement for normality and ab-
normality and are presented here along with the kappa
statistic.

The relatively poor inter-observer kappa values we
found may be related to differing levels of experience of
the paediatric radiologist versus the registrar [10, 11] or
to different levels of context bias [14]. However, the
good proportions of agreement for normality tell us that
the radiologists agreed on what is normal. The poor pro-
portions of agreement for abnormality, together with sta-
tistically highly significant persistent observer bias,
suggest that the radiologists were consistently coding ab-
normalities differently. This is supported by the improve-
ment in kappa, and particularly in the proportion of
agreement for abnormality, when the classifications of at-
electasis and consolidation are combined as volume loss.

When comparing observations with more than two ca-
tegories, as we have done for the changes in each lobe

(Table 3), we would expect kappa to be lower than when
simply classifying abnormalities as present or absent.
This is because the opportunities for error and disagree-
ment increase as the numbers of categories increase.
The weighted kappa is used to adjust for the seriousness
of different levels of disagreement. The weighting ap-
plied is decided arbitrarily. We have given the partial
agreement between segmental and lobar changes a
weighting of 0.75 and the partial disagreement between
no abnormality and segmental abnormality a weighting
of 0.25. This is because a disagreement over the degree
of an abnormality is less serious than a disagreement
over whether the abnormality exists or not. The very
small improvements in kappa that resulted when these
weightings were applied to the partial agreement and dis-
agreement cells suggest that the differences between the
two radiologists were not in the degree of abnormality.

Numerous chest radiographs are taken to assess neo-
nates who have respiratory distress. It is well recognised
that a degree of variability is a typical feature of radio-
logical interpretation in the clinical setting. This study
suggests that it is difficult to differentiate atelectasis
from consolidation in the radiographs of babies who
are receiving neonatal intensive care. Treatment deci-
sions, such as institution of chest physiotherapy or anti-
biotic therapy, taken on the basis of radiographic
diagnoses made by only one radiologist or neonatalogist
are likely to lead to marked variations in the indication
for treatment.

The lack of agreement reported here and elsewhere
[5] is a reminder that firm diagnoses should not rely on
relatively subtle parenchymal changes but that the
changes themselves should be described. Furthermore,
such findings emphasise the importance of blinded as-
sessments by more than one observer when radiograph-
ic interpretation is involved in research.
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