
Introduction

The most recent international consensus docu-
ment on the management of sarcoidosis states serial

chest radiography and spirometry should be used to
identify changes in disease severity (1). However, the
method of evaluating serial chest radiographs was
not specified and no recommendation was made on
the need to monitor changes in gas transfer. The
medical literature provides little guidance on either
issue.

In large studies, change on chest radiography is
quantified as change in Scadding stage (2-5) or as
change in the extent of individual radiographic pat-
terns (6-9), but neither approach captures the rapid
side by side evaluation of chest radiographs, usual in
clinical practice. The use of Scadding stage in serial
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131Optimal scoring of serial change on chest radiography in sarcoidosis

monitoring is hampered by lack of consensus on
what constitutes Stage IV appearances (5, 8, 10), as
“evidence of fibrosis on chest radiography” might, in
principle, range from end-stage appearances to indi-
rect evidence of less advanced fibrosis. Until recent-
ly, analyses of overall global change in chest radi-
ographic severity had been reported only in relative-
ly small groups of patients (3, 6, 7, 8). In one recent
larger series, change in global disease extent correlat-
ed more strongly than change in radiographic pat-
tern with forced vital capacity (FVC) trends (11).
Similarly, although the potential utility of serial
DLCO is recognised (3, 6, 8, 12, 13), the relative sen-
sitivity of serial DLCO and spirometric variables has
not been examined and the significance of isolated
change in DLCO has not been explored. To date, ser-
ial pulmonary function and chest radiographic
trends have not been satisfactorily integrated in clin-
ical studies.

We address these issues by evaluating chest ra-
diographic and pulmonary function trends in a large
cohort of patients with pulmonary sarcoidosis. This
study explores potential difficulties in integrating se-
rial data in clinical practice by examining: 1) varia-
tions in the prevalence of stage IV disease with al-
terations in radiographic criteria; 2) methods of ser-
ial chest radiographic scoring in relation to serial
pulmonary function trends; 3) the prevalence of iso-
lated and disproportionate changes in gas transfer;
and 4) the prevalence of discordance between serial
variables.

Methods

We reviewed the data of 354 patients, collected
between January 1980 and December 2005, who met
current clinical and histopathologic diagnostic crite-
ria for pulmonary sarcoidosis (1) and had agreed to
participate in previously reported genetic studies
(14, 15). Retrospective review of our clinical and ra-
diographic data-base was approved by our institu-
tional ethics committee. Clinical data (including
smoking status, drug treatment, clinical findings)
was extracted from case records. Patients were cate-
gorised as never smokers or ex- and current smokers.
Treatment regimens consisted of prednisolone, alone
or in combination with other immunosuppressive
agents. As the aim of the study was to examine rela-

tionships between radiographic change and PFT
trends, treatment effects were not specifically evalu-
ated.

PFTs at baseline, two years (± six months) and
four years (± six months) were tabulated. The two
year time-point was chosen to reflect current guide-
line recommendations (1) that intense surveillance
should be continued for up to two years to monitor
either spontaneous regression or need for treatment.
The four year time-point was chosen in order to
evaluate longer-term trends. Analysed lung function
measurements consisted of FVC and FEV1 (PKM
spirometer, P. K. Morgan, Kent, UK, or the Jaeger
Compact system, Viasys Healthcare) and DLCO and
KCO (using a single breath technique or a re-breath-
ing technique with adjustment to single breath val-
ues on a PK Morgan respirometer). Results were
expressed as percentages of predicted values (16).
Significant serial trends, expressed as percentages
of baseline values, were defined using current ATS
criteria (FEV1 > 10%; FVC > 10%; DLCO > 15%;
KCO > 15%) and were condensed to a three point scale
(1 = improvement; 2 = stability; 3 = deterioration).

Paired chest radiographs were assessed indepen-
dently by two experienced chest radiologists. To sim-
ulate routine clinical practice, blinding to chronolog-
ical order of the films was not undertaken and im-
ages were evaluated side-by-side. Radiographic stage
was scored, using a liberal interpretation of
Scadding’s criteria of ‘irreversible fibrosis’ (5) such
that any radiographic evidence of fibrosis was taken
to denote stage IV disease. Changes in radiographic
stage were condensed into a three point scale: 1 =
improvement (a reduction in stage); 2 = stability; 3 =
deterioration (an increase in stage). Change in radi-
ographic extent was quantified using a simple three
point scale: 1 = improvement (a reduction in extent);
2 = stability; 3 = deterioration (an increase in extent).
Divergent observations were resolved by consensus.

Radiographic staging was repeated in a ran-
domly selected sub-group of 172 patients at baseline
and two years, with the use of more stringent evi-
dence of ‘irreversible fibrosis’ (major volume loss
and/or lung destruction) in the definition of Stage
IV appearances. This was done in order to quantify
the change in prevalence of stage IV disease with
variation in staging criteria.

Relationships between radiographic change and
PFT trends were evaluated in 218 patients with con-
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current data (within one month), either at two years
(n=192) or, when two year data was unavailable, at
four years (n=26).

Data analysis

Inter-observer variation for radiographic data
was quantified using the weighted kappa coefficient
of agreement (Kw), with quadratic weighting.
Weighted kappa was also used to examine concor-
dance between three point scales for change in radi-
ographic extent, change in radiographic stage and
PFT change. The prevalence of change in radi-
ographic extent and change in radiographic change
was compared using the McNemar chi-squared test.
The relationships between numerical changes in in-
dividual PFT (i.e. analysed as continuous variables)
and the three point scales for change in radiograph-
ic extent and change in radiographic stage were eval-
uated by analysis of variance.

Results

Baseline demographics (Table 1)

354 patients met the diagnostic inclusion crite-
ria (mean age 40.3y; SD=10.9y; range=16-75y; no
gender predilection). Most patients had received
treatment and were never smokers.

Serial change in chest X-ray

There was good inter-observer agreement for
chest radiography stage at baseline (Kw = 0.81), at
two years (Kw = 0.82), and at four years (Kw = 0.80).
Similarly, there was good inter-observer agreement
for change in disease extent at two years (Kw = 0.76)
and at four years (Kw = 0.78). As shown in Table 2,
changes in radiographic extent [234/343 (68.2%) at
two years; 185/248 (74.6%) at four years] were more
frequent than changes in radiographic stage [66/343
(19.2%) at two years; 60/248 (24.2%) at four years],
p<0.0001 for both time intervals (McNemar chi
square test). Agreement between change in stage and
change in extent was poor, both at two years (Kw =
0.21), and at four years (Kw = 0.23).

With the use of stringent criteria for stage IV
radiographic appearances in a randomly-selected
sub-group of 172 patients, the proportion of patients
with stage IV disease fell from 80/172 (47%) to
41/172 (24%), with a corresponding increase in stage
II and III appearances (Table 3). Agreement be-
tween radiologists was good in assessing chest X-ray

Table 1. Baseline characteristics (n=354)

Gender Male-184 (52.0%)/Female-170 (48.0%)

Age at diagnosis 40.30±10.9 years

Treatment at diagnosis Treated-209 (78.6%)/
Not treated-57 (21.4%)

Smoking Never-223 (71.9%)/
Ex or Current-87 (28.1%)

Chest radiography stage 0-44 (12.4%)
I - 53 (15.0%)
II - 74 (20.9%)
III - 20 (5.7%)

IV - 163 (46.1%)

DLCO % 74.9±19.6

KCO % 90.5±16.8

FVC% 93.6±19.9

FEV1% 84.2±23.1

Table 2. Prevalence of serial chest radiography change (stage and
overall extent of disease) at two and four years. Changes in radi-
ographic extent [234/343 (68.2%) at two years; 185/248 (74.6%)
at four years] were more frequent than changes in radiographic
stage [66/343 (19.2%) at two years; 60/248 (24.2%) at four years],
p<0.0001 for both time intervals (McNemar chi square test)

Change in chest Change in chest
radiography radiography overall

stage extent of disease

Baseline to two years Improvement Improvement
(n = 343) 31 144

(9.0%) (42.0%)

Stable Stable
277 109

(80.8%) (31.8%)

Deterioration Deterioration
35 90

(10.2%) (26.2%)

Baseline to four years Improvement Improvement
(n = 248) 30 104

(12.1%) (41.9%)

Stable Stable
188 63

(75.8%) (25.4%)

Deterioration Deterioration
30 81

(12.1%) (32.7%)
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stage (Kw = 0.89 at baseline; Kw = 0.85 at two years).
Change in stage was less prevalent 29/172 (16.9%)
than change in disease extent 90/172 (52.3%),
p<0.0001. Agreement between change in stage and
change in overall extent of disease on chest X-ray re-
mained poor (Kw = 0.20).

Serial change in PFT (FEV1, FVC, DLCO)

There was significant change in serial PFT in
156/343 (45.5%) at two years and 144/248 (58.1%)
at four years (Table 4). At both time intervals, ob-
served change consisted of significant change in a
single PFT variable in approximately 50% of cases,

with change in all three variables seen in only ap-
proximately 20% of cases. At both time points, there
were seven patients with discordant change in PFT
parameters, including five at each time point with
discordance between DLCO and one or both spiro-
metric parameters.

Amongst patients with a significant (>15%)
change in DLCO (Table 5), there was concordant sig-
nificant change in FEV1 and/or FVC in two thirds of
cases. However, at both time intervals, change in
DLCO was associated with neither significant nor
marginal concordant spirometric changes in approx-
imately 20%, including some cases in whom change
in DLCO was associated with discordant spirometric
change. Evaluation of serial changes in KCO

(DLCO/VA) provided further evidence of uncoupling
of gas transfer and spirometric trends. In over half of
cases with significant changes in KCO at both time in-
tervals, spirometric trends were stable or discordant.

Chest radiographic versus PFT change at two to four
years (n=218)

There was fair to moderate agreement between
significant PFT trends and change in radiographic
extent (Kw = 0.38). By contrast, agreement between
PFT trends and change in radiographic stage was
poor (Kw = 0.09). On analysis of variance, numerical
changes in DLCO, FVC and DLCO (but not KCO) were

Table 3. Difference in chest radiograph stage before and after the
application of end-stage criteria for stage IV chest radiographic
appearances in a randomly-selected sub-group of 172 patients.
The proportion of patients with stage IV disease fell from 80/172
(47%) to 41/172 (24%), with a corresponding increase in the pro-
portion with stage

Baseline stage Initial scoring Post-hoc analysis scoring
(liberal definition (strict criteria of end-stage

of fibrosis in ) lung for fibrosis in
stage IV stage IV)

0 22 (13%) 25 (15%)
I 25 (15%) 28 (16%)
II 35 (20%) 53 (31%)
III 10 (6%) 25 (15%)
IV 80 (47%) 41 (24%)

Table 4. Prevalence of significant serial PFT change in DLCO, FEV1 and FVC. There was significant change in serial PFT in 156/343
(45.5%) at two years and 144/248 (58.1%) at four years. At both time intervals, observed change consisted of significant change in a single
PFT variable in approximately 50% of cases, with change in all three variables seen in only approximately 20% of cases

Improvement Deterioration Total Change Stable Discordant Total

Two years n=97 n=59 n=156 n=180 n=7 n=343
All three variables 19 8 27 (17%) 27 (8%)
Two variables 38 19 57 (37%) 57 (17%)
DLCO only 11 12 23 (15%) 23 (7%)
FVC only 15 5 20 (13%) 20 (6%)
FEV1 only 14 15 29 (19%) 29 (8%)

Stable 180 180 (52%)

Discordant 7 7 (2%)

Four years n=76 n=68 n=144 n=97 n=7 n=248
All three variables 13 17 30 (21%) 30 (12%)
Two variables 34 13 47 (33%) 47 (19%)
DLCO only 5 21 26 (18%) 26 (10%)
FVC only 14 4 18 (13%) 18 (7%)
FEV1 only 10 13 23 (16%) 23 (9%)

Stable 97 97 (39%)

Discordant 7 7 (3%)
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linked to change in radiographic extent (all
p<0.005). By contrast, numerical PFT change was
not linked to change in radiographic stage. This neg-
ative finding persisted with the use of stringent cri-
teria for stage IV appearances.

Categorical PFT trends were concordant with
changes in radiographic extent (i.e. either concor-
dant change or concordant stability) in only approx-
imately 50% of cases (Table 6). In the remaining cas-
es, isolated change in radiographic extent was more
frequent than isolated change in PFT, but in 6% of
cases, radiographic extent and PFT exhibited change
in opposing directions.

Discussion

The aim of our study was to identify key uncer-
tainties in the monitoring of sarcoidosis by serial
pulmonary function tests and chest radiography, and
to highlight areas in which current guidelines pro-
vide insufficient guidance to clinicians. Five broad
conclusions can be drawn from our results:

1. Although the prognostic value of chest radi-
ographic staging is not questioned and is not
re-examined in the current study, major vari-
ability exists in the identification of stage IV
disease, reflecting the lack of precision in the
radiographic definition of ‘irreversible fibro-
sis’.

2. In routine monitoring, this problem is not
crucial because our findings show that change
in radiographic stage does not correlate with
pulmonary function trends, and is clearly in-
ferior in this regard to a simple statement of
change in chest radiographic extent, on side
by side evaluation of images.

6. Isolated change in DLCO or change dispro-
portionate to lung volumes is frequent in pul-
monary sarcoidosis and consideration should
be given to a recommendation on the need
for serial DLCO measurement in guidelines on
serial monitoring.

4. Discordance between serial chest radiography
appearance and PFT trends, not addressed in
current guidelines, is sufficiently prevalent to

Table 5. Prevalence of significant change in gas transfer with either significant (>10%) or marginal (5-10%) change in spirometric values.
Amongst patients with a significant (>15%) change in DLCO, there was concordant significant change in FEV1 and/or FVC in two thirds of
cases. In over half of cases with significant changes in KCO at both time intervals, spirometric trends were stable or discordant

Two years Four years

Significant (>15%) Change in DLCO with: n=75 n=82
Concordant (>10%) change in spirometry 47 (63%) 53 (65%)
Concordant (5-10%) change in spirometry 15 (20%) 11 (13%)

Stable (<5% change) spirometry 6 (8%) 9 (11%)

Discordant >10% change in spirometry 5 (7%) 4 (5%)
Discordant 5-10% change in spirometry 2 (3%) 5 (6%)

Significant (>15%) Change in KCO with: n=41 n=54
Concordant (>10%) change in spirometry 14 (34%) 19 (35%)
Concordant (5-10%) change in spirometry 6 (15%) 9 (17%)

Stable (<5% change) spirometry 4 (10%) 4 (7%)

Discordant (>10%) change in spirometry 12 (29%) 13 (24%)
Discordant (5-10%) change in spirometry 5 (12%) 9 (17%)

Table 6. Prevalence of patients achieving concordance/
discordance between PFT and serial chest radiograph extent of
disease. Concordance was considered parallel change in PFT in-
dices and chest radiography score or concomitant stability of PFT
trends and chest radiography score. Discordant serial change was
considered significant change in PFT indices with opposite trends
in overall chest radiography appearance. Categorical PFT trends
were concordant with changes in radiographic extent (i.e. either
concordant change or concordant stability) in only approximately
50% of cases

Frequency (n=218)

Concordant change 59 (27%)
Concordant stability 48 (22%)
Isolated change in PFT 21 (10%)
Isolated change in chest radiography extent 71 (33%)
Discordant change 12 (6%)

Excluded 7 patients who had divergent significant change in one
or more PFT indices
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justify the construction of a guideline algo-
rithm as an aid to routine management.

5. The degree of discordance between tests
makes it clear that the accurate definition of
change in pulmonary sarcoidosis will need to
be multidisciplinary, integrating also changes
in pulmonary symptoms.

The definition of stage IV chest radiographic
appearances

Because no precise, widely agreed definition ex-
ists of stage IV disease on chest radiography, espe-
cially with regard to the distribution and extent of fi-
brosis (5, 8, 10), the relative prevalence of stage IV
disease, and stage II and III disease, necessarily varies
from institution to institution. There appear to be
two broad considerations in the definition of stage IV
appearances. Firstly, the increasing use of high reso-
lution CT scanning in diffuse lung disease in general
has provided insights into chest radiographic find-
ings. Many chest radiologists have become increas-
ingly comfortable with the detection of subtle signs
of fibrosis on chest radiography and are ready to clas-
sify appearances as indicative of ‘irreversible fibrosis’,
even when loss of lung volume is focal and lung de-
struction is only minor. However, other clinicians and
radiologists retain a threshold for the designation of
stage IV appearances when there is gross volume loss
and/or fibrotic destruction, although the definition of
such a threshold is necessarily nebulous. This dispar-
ity may account for the low inter-observer agreement
on chest radiographic stage in one recent series (11).
In the present study, we defined stage IV appearances
using contrasting liberal and stringent criteria for the
presence of significant fibrosis, and this resulted in a
two-fold variation in the prevalence of stage IV dis-
ease, with major corresponding changes in the fre-
quency of stage II and stage III disease. Although, as
discussed below, this may not have important impli-
cations for routine monitoring, our findings suggest
strongly that a tighter definition of stage IV disease is
needed, in view of the continuing prognostic impor-
tance of the Scadding staging system.

Serial chest radiography in routine monitoring

In most large studies of serial chest radiography
in sarcoidosis (2, 4, 8), the methodology of scoring

change consisted of the assessment of change in the
Scadding change of stage and a detailed assessment
of the change in individual chest radiographic pat-
terns. Neither method captures the rapid side by side
assessment of overall change in chest radiographic
extent of disease that is usual in routine practice, and
it should also be acknowledged that the Scadding
system was developed for the evaluation of progno-
sis at baseline and has never been validated as a
means of quantifying serial change. Thus, guideline
statements on serial chest radiographic monitoring
are necessarily based on anecdotal clinical experi-
ence.

Our findings indicate that change in Scadding
stage is misleading as a measure of change in disease
severity. Although inter-observer agreement was
good, change in stage bore no relationship to PFT
trends, whether using liberal criteria for Stage IV
disease, or using strict criteria of end-stage lung in a
post hoc analysis. Furthermore, in a number of pa-
tients, major improvement in pulmonary function
indices was associated with striking regression of
disease on chest radiography with the disclosure of
limited residual fibrotic abnormalities. In other pa-
tients with stage IV disease at baseline, major radi-
ographic deterioration could not be identified based
on change in stage. Thus, the Scadding system
should not be used for routine monitoring, based on
findings in the present study.

By contrast, change in overall radiographic ex-
tent was much more prevalent than change in stage
and, more importantly, was more closely linked with
change in serial DLCO, FVC and FEV1. These obser-
vations strongly support the broad approach taken
by Muers and colleagues in quantifying changes in
the extent of individual patterns, rather than change
in radiographic stage in the British Thoracic Society
cohort (8, 17). This approach was associated with
greater inter-observer agreement than was seen with
the full application of the International Labour Or-
ganization pneumoconiosis reading system in anoth-
er recent series (9). However, the system proposed by
Muers did not allow for side by side comparison of
chest radiographs and is necessarily more complex
than the rapid evaluation of global change in extent
on paired radiographs. It can be argued that HRCT
has now supplanted chest radiography for the delin-
eation of individual parenchymal patterns, but radi-
ation considerations and the lack of evidence for the
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cost-effectiveness of serial HRCT preclude its rou-
tine use. The serial functional-morphological link-
ages observed in the present study, using a rapid, eas-
ily applicable and reproducible system that simulates
routine practice, were as strong as those reported in
the BTS cohort. Our findings confirm and extend
the recent observation that change in global disease
extent correlates more strongly than change in the
reticulonodular component of the Muers score with
FVC trends (11). Thus, more sophisticated ap-
proaches to the assessment of chest radiography do
not necessarily enhance its usefulness in clinical
practice.

Serial PFT in routine monitoring

In keeping with current guidelines, significant
change in serial PFT was most commonly observed
in spirometric volumes (1, 18). However, isolated
change in DLCO was seen in 15-20% of cases. This
surprisingly high prevalence mirrors that found in
the BTS study (17) and justifies reappraisal of the
current recommendation that pulmonary function
monitoring should consist of spirometric evaluation
alone (1). A finding of isolated change in gas trans-
fer may be especially useful when spirometric stabil-
ity occurs in individuals associated with symptomatic
or radiographic change. However, the use of gas
transfer requires that measurements be repeated rou-
tinely, in order to ensure that any observed change is
recent. Previous investigators have found that gas
transfer levels correlate better than other functional
variables with histologic features and gas transfer (9,
19, 20) and this may in part underlie our findings.

However, a more difficult question, not resolved
by our data, is whether isolated or disproportionate
gas transfer trends capture progression of interstitial
lung disease or reflect a pulmonary vascular process.
Pulmonary hypertension is well recognised in sar-
coidosis and is present in up to 50% of patients with
chronic exercise intolerance. (21, 22) Although the
identification of a pulmonary vascular component,
based on trends in gas transfer, is presumptive, the
high prevalence of isolated changes in DLCO and KCO

in our study, and the discordance between change in
KCO and changes in spirometric variables and chest
radiographic findings, highlight the need for guid-
ance on the need for the serial estimation of gas
transfer in clinical practice.

The integration of PFT and chest radiographic trends:
multidisciplinary diagnosis

Because the evaluation of global chest radi-
ographic change has not been reported in large se-
ries, there has been no detailed assessment of the dif-
ficulties in reconciling monitoring data in routine
practice. The quantification of potential difficulties
in routine monitoring was one aim of our study and
we identified a strikingly high prevalence of chest ra-
diographic change that was isolated or discordant
with PFT trends. EJ Potchen once observed that
“the only utility of a diagnostic test is to reduce un-
certainty”. If this principle applies equally to moni-
toring, it can be argued that in many cases, serial
chest radiography increases uncertainty and, thus, vi-
olates the “Potchen precept”. The problem of isolat-
ed change in chest radiography in functionally stable
disease has long been recognised as an occasional
clinical difficulty. However, in the current cohort,
change on chest radiography was isolated or discor-
dant with pulmonary function trends in approxi-
mately 40% of cases at two years and at four years.
Isolated changes on chest radiography are often dis-
regarded by experienced clinicians, but recommen-
dations on the optimal approach in this situation and
on the more problematic issues of a) change in pul-
monary function trends without chest radiographic
change; and b) discordance between serial chest ra-
diographic and PFT trends might usefully be ad-
dressed in future guideline statements.

The prevalence of discordance between pul-
monary function and radiographic trends makes it
clear that the optimal definition of change will need
to be multidisciplinary. In order to reconcile these
divergences, changes in pulmonary symptoms will
need to be integrated but that process will need to be
carefully thought through as in less advanced dis-
ease, progression will not necessarily be associated
with symptomatic change. This problem aside, we
were unable to integrate clinical data because of the
retrospective nature of our study: review of case
records did not provide a consistently reliable indica-
tion of changes in exertional dyspnoea or other
symptoms over the exact time intervals between
tests. Further work to develop a multidisciplinary al-
gorithm to define change will need to be prospective
and in order to ensure robust statements on sympto-
matic change over exactly designated time intervals,
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a shorter time interval than two to four years will
need to be evaluated.

Study limitations

The study cohort consisted of patients in a spe-
cialised clinic who had agreed to participate in ge-
netic studies and this resulted in two possible selec-
tion biases. As patients were routinely asked to par-
ticipate in genetic studies and the acceptance rate
was very high, exceeding 95%, it appears unlikely
that this resulted in undue bias. However, the spe-
cialised nature of the clinic and the continuation of
follow-up for four years did undoubtedly select for a
particular sub-set of patients with pulmonary sar-
coidosis with more difficult disease requiring pro-
longed follow-up. We suggest that this resulted in
“appropriate” selection bias, given that the purpose
of our study was to highlight potential shortfalls in
current guidelines, with respect to more taxing clin-
ical problems. However, it should be stressed that
the prevalence of monitoring problems that we iden-
tified applies to more difficult pulmonary sarcoidosis
and not to unselected patients with pulmonary sar-
coidosis.

A second problem was the inability to adjust for
treatment, as the choice, timing and duration of in-
dividual therapies varied widely during follow-up.
However, there is no logical reason to suppose that
linkage between chest radiographic and functional
change is likely to differ according to therapeutic
status. The underlying assumption in our study is
that the problem of detecting disease progression
and reconciling conflicting chest radiographic and
functional information remains the same problem
whether suspected progression occurs on or off ther-
apy.

In conclusion, we identify striking variability in
the prevalence of stage IV appearances with varia-
tions in the radiographic definition of irreversible fi-
brosis and this has important implications for future
population studies. A simple, user-friendly method
for scoring change in radiographic extent provided
linkage to pulmonary function trends, unlike change
in radiographic stage, which is clearly unsuited to
routine monitoring. Our findings indicate that in fu-
ture guidelines for the management of pulmonary
sarcoidosis, the role of serial gas transfer estimation
in routine monitoring should be addressed and guid-

ance is needed on how best to reconcile divergent
chest radiographic and functional trends.
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