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Abstract The value of high-resolu-
tion computed tomography (HRCT)
in diagnosing and assessing inflam-
matory activity in sarcoidosis is well
established. The aim of the present
study was to address the intra- and
inter-observer agreements of the
HRCT score by Oberstein et al. [8],
and to evaluate the relationship be-
tween HRCT findings and disease
severity expressed in respiratory
functional impairment in sarcoidosis.
The clinical records of 80 known
sarcoidosis patients visiting the out-
patient clinic between January 2000
and August 2001, who underwent a
HRCT as well as lung function tests
(including exercise testing), were re-
viewed. Two readers scored the first
60 HRCT images twice. Weighted
kappa and intra-class correlation 
coefficient were used to assess the
reliability of the HRCT scoring
system. Spearman’s rank correlation
coefficients and multiple regression
analyses were performed to evaluate
the relationship between HRCT find-

ings (first reading, reader A) and 
respiratory functional impairment.
Intra- and inter-reader reliability
demonstrated good agreement. All
HRCT subscores, except enlargement
of lymph nodes, were correlated to
the FEV1, FVC, DLco, Pao2max (all
p<0.05) and A-aPo2 max (p<0.001).
Furthermore, HRCT abnormalities,
but not the chest radiographic stage,
were strongly associated with func-
tional parameters. Abnormal changes
of lung parenchyma, established by
HRCT features, were associated with
respiratory functional impairment in
sarcoidosis. Moreover, compared
with the radiographic stages, HRCT
findings appeared to be much more
sensitive in depicting respiratory 
disability, especially abnormal gas
exchange.
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Introduction

Sarcoidosis is a multisystemic, noncaseating granuloma-
tous disease of unknown origin. Most commonly in-
volved are the lung parenchyma, pleura, and hilar lymph
nodes. Abnormalities of the bronchovascular, parenchy-
mal, and subpleural interstitial space may cause impaired
gas exchange, resulting in respiratory functional impair-
ment [1]. Traditionally, respiratory functional impair-
ment is evaluated by lung function tests, especially 
the diffusing capacity for carbon monoxide (DLco) in
sarcoidosis. More recently, it was reported that exercise
testing appeared to be more sensitive then the DLco in
the early radiographic stages of sarcoidosis [2].

The chest radiographic score (stages 0–IV) possesses
limited value in predicting severity of pulmonary in-
volvement and prognosis [1, 3]. To date, the combination
of airway involvement and interstitial involvement may
result in complex lung function abnormalities which do
not correlate well with radiographic or histopathologic
indices [4]. Various studies have demonstrated that high-
resolution computed tomography (HRCT) is more sensi-
tive in diagnosing early diffuse lung disease including
sarcoidosis, and is more valuable in making a specific
diagnosis compared with chest radiography [4, 5, 6, 7, 8,
9, 10]. The HRCT uses short scanning times and thin
collimation, making it possible to demonstrate lung pa-
renchyma in detail and detect abnormal changes of the
lung parenchyma at an early stage [4, 5, 6, 7, 8, 9, 10,
11]. Moreover, in several diffuse lung diseases HRCT
abnormalities appeared to be useful in evaluating param-
eters of disease activity and functional impairment to
predict prognosis, and in assessing response to therapy
[12, 13, 14, 15, 16, 17, 18, 19].

To achieve a reliable comparison of results, a standardi-
sed (semi-) quantitative estimation of abnormal findings on
HRCT is mandatory. Moreover, for everyday practise, it is
important that the chosen HRCT score be complete, valid,
reproducible, easy to learn, and not too time-consuming.
Such an HRCT score should therefore include parenchy-
mal as well as lymphatic and pleural abnormalities. Fur-
thermore, quantification of abnormalities into categories,
opposed to percentages, is favoured to improve reliability.
Previously, various attempts were made to score HRCT in
(chronic) pulmonary sarcoidosis, based on different crite-
ria. Disadvantages of these HRCT scores are, for example,
the limited number of scored pathologies on HRCT, or the
use of percentages to quantify the extent of disease [13, 15,
17]. In a number of studies, HRCT scores were related to
disease activity and/or functional parameters. The reported
results appeared to be inconsistent [13, 15, 16, 17, 20].

Notably, Oberstein et al. [8] have described a different
HRCT scoring system for sarcoidosis which registers
quality and quantity of lung parenchyma affected, as well
as pleural thickening and enlargement of lymph nodes.
Additionally, the latter group related this HRCT scoring

system to various biochemical markers of disease activity
in patients with sarcoidosis. Pathologic appearance of the
bronchovascular bundle and intra-parenchymal nodules
yielded a high correlation with the total cell count in the
bronchoalveolar lavage (BAL) fluid and the serum inter-
leukin-2-receptor (IL-2R) and HLA-DR expression [8].
More recently, a relationship between the HRCT score de-
scribed by Oberstein et al. [8], and the number of poly-
morphonuclear neutrophils (PMNs) in BAL fluid of sar-
coidosis patients, was demonstrated [21]. An increase of
the PMNs was found to be related to disease severity [21,
22]. Oberstein et al. [8] suggested that HRCT can depict
the inflammatory processes associated with sarcoidosis;
however, disease severity can only be assessed accurately
appreciating more markers which represent lung function
impairment and disability more appropriately [2].

The question was raised whether, in addition to diag-
nostic information, disease severity could be assessed by
scoring the HRCT performed in the diagnostic work-up,
using the practical and clinical HRCT score mentioned
above [8]. The aim of the present study was to address
the reliability of the HRCT score [8] and, additionally to
evaluate the relationship between HRCT abnormalities
and disease severity—indicated by respiratory functional
impairment (including exercise testing)—in sarcoidosis.

Materials and methods

Subjects

From the 102 consecutive patients who visited the Sarcoidosis
Management Center of the University Hospital Maastricht be-
tween January 2000 and August 2001, all patients who underwent
HRCT examination, as well as lung function tests and exercise
testing, were included (n=80). Patients were diagnosed with sar-
coidosis based on consistent clinical features and BAL fluid analy-
sis results, according to the WASOG guidelines [1, 23]. Moreover,
the majority of the patients had a biopsy confirmation (88%).
None of the participating subjects had any relevant medical histo-
ry or co-morbidity. The demographic and medical data of the pa-
tient population are summarised in Table 1. Informed consent was
obtained from all participants.

Table 1 Demographic characteristics of the sarcoidosis popula-
tion (n=80). sACE serum angiotensin-converting enzyme, CRP C-
reactive protein

Demographic characteristics Number

Age (years) 39.2 (19–75)
Gender (male/female) 44/36
Time since diagnosis (years) 4.0 (0–12)
Smoking (no/yes) 72/8
Prednisone use (no/yes) 53/27
sACE (9–25 U/l)a 21.8±9.2b

CRP (2–9 mg/l)a 14.1±15.0b

Calcium (2.10–2.60 mmol/l)a 2.43±0.10b

Uric acid (0.20–0.42 mmol/l)a 0.40±0.10

Range in parentheses
a Normal range; b Mean±SD
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Clinical evaluation

Chest radiographs

Chest radiographs (CXR) were graded according to the radio-
graphic staging of DeRemee (0–III) [2], adding stage IV, the end
stage of lung fibrosis [1].

High-resolution CT

Thin-section scans with 1-mm collimation were obtained at 10-
mm intervals through the chest (Somatom Plus, Siemens, Erlan-
gen, Germany). The scanning parameters included 137 kVp,
255 mA, and 1-s scanning time. Both mediastinal (width 400 HU,
level 40 HU) and lung (width 1600 HU, level −800 HU) window
images were obtained. Scans were reconstructed with a high-fre-
quency reconstruction algorithm. A thoracic radiologist, blinded to
the patient’s clinical history, classified the scans of both lungs.
The semiquantitive HRCT scoring system used has been reported
by Oberstein et al. [8]. The typical patterns of parenchymal in-
volvement were qualitatively registered as thickening or irregular-
ity of the bronchovascular bundle (BVB), intra-parenchymal nod-
ules (ND), septal and nonseptal lines (LS) and parenchymal con-

solidation (PC; including ground-glass opacifications). The lung
volume affected was quantified by a visual score: 0=no lesions
found; 1=up to 33%; 2=up to 66%; and 3=more than 66% of the
volume affected. Similarly, the quantification of the focal pleural
thickening (PL), and the enlargement (with a short axis of 1 cm or
more considered enlarged [24]) of the lymph nodes (LN), respec-
tively, was done: 0=no pathological findings; 1=minor; 2=moder-
ate; and 3=pronounced changes (Figs. 1, 2; Table 2). The total
score was obtained by adding up the individual scores (BVB, ND,
LS, PC, LN and PL; Fig. 2). In order to assess the intrareader and
inter-reader reliability for the six HRCT subscores and the radio-
graphic stage, two readers scored the HRCT patterns of both lungs
and the radiographic stage twice in the first 60 cases. Reader B
scored only these 60 cases.

Lung function

Lung function measurements, including the forced expiratory vol-
ume in 1 s (FEV1) and the forced vital capacity (FVC), were mea-
sured with a pneumotachograph (Masterlab, Jaeger, Würzburg,
Germany). The diffusing capacity for carbon monoxide (DLco)
was measured by the single-breath method (Masterlab, Jaeger,
Würzburg, Germany). Values were expressed as a percentage of
those predicted [25].

Exercise capacity

Patients performed a symptom limited incremental exercise test on
an electronically braked cycle ergometer (Cornival 400, Lode,
Groningen, The Netherlands) as described previously [26].
Breath-by-breath gas exchange was measured throughout the test

Fig. 1A–F High-resolution computed tomography (HRCT) find-
ings in sarcoidosis adapted from Oberstein et al. [8], visual score.
A Thickening or irregularity of the bronchovascular bundle
(BVB). B Parenchymal consolidation (including ground-glass
opacifications). C Intra-parenchymal nodules. D Septal and non-
septal lines (1→); BVB (2→). E Focal pleural thickening 
(arrows). F Enlargement of the lymph nodes
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Fig. 2A–D Relevant HRCT images (A mediastinal setting, B–D
lung setting) of the thorax of a patient with sarcoidosis. A En-
larged mediastinal lymph nodes (1→) scanned through the upper
lobes. B Parenchymal consolidations (1→), and thickening or ir-
regularity of the bronchovascular bundle (2→) scanned through
the upper lobes. C Septal lines (1→) and thickening or irregularity
of the bronchovascular bundle (2→) scanned through the middle
lobe. D Shows focal pleural thickening (1→) and intra-parenchy-

mal nodules (2→) scanned through the lower lobes. Sarcoidosis
HRCT score: lymph nodes: 3; bronchovascular bundle: 2; paren-
chymal nodules: 2; septal lines: 2; parenchymal opacification: 1;
pleural nodules: 2; total HRCT score: 12. This patient demonstrat-
ed a severe impairment of the lung function parameters: FEV1
58% predicted; FVC 66% predicted; DLco 58% predicted;
Pao2rest 10.2 kPa; Pao2max 8.8 kPa and ∆Pao2 −1.4 kPa, respec-
tively

Table 2 Definition of abnor-
mal high-resolution computed
tomography (HRCT) findings
in sarcoidosis adapted from
Oberstein et al. [8], visual
score. BVB thickening or irreg-
ularity of the bronchovascular
bundle, PC parenchymal con-
solidation (including ground-
glass opacifications), ND intra-
parenchymal nodules, LS septal
and nonseptal lines, PL focal
pleural thickening, LN enlarge-
ment of the lymph nodes

Lung volume affecteda

No lesions Up to 33% Up to 66% >66%
0 1 2 3

Typical patterns of parenchymal involvement
BVB
PC
ND
LS

Pathological findingsb

None Minor Moderate Pronounced
0 1 2 3

Pleural abnormalities
PL

Lymph node abnormalities
LN

The total score is obtained by adding up the individual scores (BVB, ND, LS, PC, LN, and PL)
a The lung volume affected is quantified by a visual score: 0=no lesions found; 1=up to 33%; 2=up to
66%; and 3=more than 66% of the volume affected
b The quantification of the PL and the enlargement (with a short axis of 1 cm or more considered en-
larged [24]) of the LN was performed: 0=no pathological findings; 1=minor; 2=moderate; and 3=pro-
nounced changes
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by a ventilated hood system (Oxyconbeta, Jaeger, Bunnik, The
Netherlands). In rest and during maximal exercise arterial blood
samples were taken and arterial blood gas analyses were per-
formed.

Statistical analysis

In order to examine the reliability of HRCT and the radiographic
stage, weighted kappa was used for ordinal data, whereas intra-
class correlation coefficient (ICC) was used for the total HRCT
score. A weighted kappa less than 0.20 indicates poor agreement,
between 0.21 and 0.40 the agreement is called moderate, between
0.41 and 0.60 fair, between 0.61 and 0.80 good, and between 0.81
and 1.00 excellent agreement [27]. Data from reader A were used
for further analysis. Spearman’s rank correlation coefficients (rho)
were calculated between the total HRCT score, the HRCT sub-
scores, the radiographic stage and various parameters of respirato-
ry functional impairment. Multiple regression analyses (MRA)
were run, each with one parameter of respiratory functional im-
pairment as dependent variable. Each MRA (stepwise method)
consisted of two blocks of independent variables. The first block
consisted of the variables gender, age, prednisone use, and smok-
ing. The second block consisted of the radiographic stage and total
HRCT score. Finally, a new series of MRAs were run with the
same dependent variables; however, this time with the HRCT sub-
scores as independent variables.

Results

Radiological and lung function characteristics of the
studied population are presented in Tables 3 and 4. The
radiological characteristics indicate that all stages of the
chest radiograph and the HRCT score were represented.
All six HRCT features evaluated in the present study are
demonstrated in Figs. 1 and 2.

As shown in Table 5, good agreement was found be-
tween reader A and reader B for the HRCT subscores
(Kw range 0.34–0.65), the total HRCT score (ICC=0.99),
and the radiographic stage (Kw=0.56). Exceptions were
the subscores LN and BVB, on which agreement was
moderate. The intrareader reliability for the HRCT sub-
scores and the radiographic stage demonstrated good to
excellent agreement for both readers (reader A:
Kw=0.59–0.89; reader B: Kw=0.67–0.86). The intra-class
correlation coefficients (ICC) for the total HRCT score
were very high for both readers (Table 5).

Substantial inter- and intra-observer variance ap-
peared regarding the score BVB and PC, respectively. To
date, BVB and PC both present as areas of increased
lung density often associated with the presence of an air
bronchogram. The main difference between both entities
appears to be the more peripheral localization of PC and
the more axial peribronchiovascular localization of
BVB. Using these criteria both entities are not always
easy to distinguish from each other. This explains the
sometimes appearing differences between the observers
as well as within one observer. This is illustrated in
Fig. 1D where the peribronchovascular abnormalities
(BVB) extend towards the pleura surface. Reader A

Table 3 Radiological characteristics of the sarcoidosis population
(n=80). CXR stage chest radiographic stage

Radiological characteristics No. of cases

CXR stage (0–IV) 12/13/23/22/10
Total HRCT scorea 5.8 (0–14)
LN (0–3) 15/28/26/11
BVB (0–3) 50/6/13/11
ND (0–3) 25/13/18/24
LS (0–3) 41/24/11/4
PL (0–3) 37/22/16/5
PC (0–3) 53/15/10/2

a Mean with range in parentheses

Table 4 Lung function characteristics of the sarcoidosis popula-
tion. FEV1 forced expiratory volume in 1 s, FVC forced vital ca-
pacity, DLco diffusing capacity for carbon monoxide, Pao2rest ar-
terial oxygen tension at rest, Pao2 max arterial oxygen tension at
maximal exercise, ∆Pao2Pao2max minus Pao2rest, Paco2 arterial
carbon dioxide tension, AaPo2rest alveolar-arterial oxygen differ-
ence at rest, AaPo2max alveolar-arterial oxygen difference at maxi-
mal exercise, ∆AaPo2 AaPo2max minus AaPo2rest, Vd/Vt max dead
space volume/tidal volume at maximal exercise, Vo2max oxygen
uptake at maximal exercise

Lung function test No. of patients Mean±SD

FEV1 (% pred) 80 84.3±23.5
FVC (% pred) 80 83.6±16.4
DLco (% pred) 80 93.5±20.6
Pao2rest (kPa) 80 11.5±1.5
Pao2max (kPa) 80 11.0±1.9
∆Pao2 (kPa) 80 −0.5±2.2
Paco2rest (kPa) 80 5.2±0.6
A-aPo2rest (kPa) 77 2.1±1.4
A-aPo2max (kPa) 77 4.2±1.7
∆ A-aPo2 77 2.2±1.9
Vd/Vt max 76 15.6±5.4
Vo2max (% pred) 76 75.4±21.3

Table 5 Inter-reader reliability concerning the total HRCT score,
the HRCT subscores and the chest radiographic stage (n=60)

HRCT patterns Comparison Comparison Comparison 
of reader A within within 
with reader Ba reader Aa reader Bb

LN 0.36 0.75 0.74
BVB 0.36 0.89 0.78
ND 0.78 0.82 0.86
LS 0.57 0.61 0.67
PL 0.43 0.75 0.69
PC 0.62 0.59 0.72
Total HRCT scorea 0.99 0.98 0.99
CXR stage 0.74 0.61 0.76

a Intra-class correlation coefficient for continuous data
b Kw unless stated otherwise
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scored this abnormality as PC: 2, and reader B as BVB:
2 (arrow 2).

Of all HRCT features, “thickening or irregularity of
the bronchovascular bundle”, and “thickening or irregu-
larity of septal and nonseptal lines”, appeared to be most
prominently related to various lung function parameters,
i.e. the FEV1, FVC, DLco, the arterial oxygen tension at
rest (Pao2rest), the arterial oxygen tension at maximal
exercise (Pao2max), the alveolar-arterial oxygen differ-
ence at rest (A-aPo2rest) and at maximal exercise 
(A-aPo2max), and the difference at rest and at maximal
exercise for both Pao2 and AaPo2, (∆Pao2 and ∆A-aPo2;
see Table 6).

Subsequently, multiple regression analyses (MRA)
were run. Each MRA was performed with one parameter
of respiratory functional impairment as dependent vari-
able, and the demographic characteristics age, gender,
smoking, and the use of prednisone (block I), and the to-
tal HRCT score and radiographic stage as independent

variables (block II; Table 7). The total HRCT score ap-
peared to explain significant proportions of the variance
in functional parameters (Table 7), indicating that per-
sons with a higher total HRCT score were more likely to
have lower lung function parameter values.

Furthermore, MRA were run with the HRCT sub-
scores as independent variables. Each MRA had another
functional parameter as dependent variable. The HRCT
subscores appeared to explain substantial significant pro-
portions of the variance in the functional parameters.
The HRCT subscores, especially BVB and LS, could
predict scores (maximal possible R2 change=1.00 which
would indicate complete overlap between a HRCT sub-
score and a functional parameter) on functional pa-
rameters. The BVB changes played a substantial role 
in predicting FEV1 (β=−0.620, R2change=0.562), FVC
(β=−0.552, R2change=0.436), Pao2max (β=−0.447,
R2change=0.301), ∆ Pao2 (β=−0.388, R2change=0.151),
and ∆ AaPo2 (β=0.367, R2change=0.135). The LS ex-

Table 6 Spearman correlations (RHO) between the total HRCT score, the HRCT subscores, the chest radiographic stage and functional
parameters

LN BVB ND LS PL PC Total HRCT CXR stage

FEV1 −0.02 −0.71** −0.39** −0.56** −0.45** −0.36* −0.68** −0.55**

FVC 0.01 −0.64** −0.35** −0.52** −0.40** −0.29* −0.61** −0.45**

DLco 0.09 −0.44** −0.30** −0.43** −0.32* −0.31* −0.47** −0.32*

Pao2rest −0.12 −0.15 −0.03 −0.30* −0.14 −0.28* −0.26* −0.13
Pao2max 0.03 −0.57** −0.37** −0.43** −0.43** −0.26* −0.54** −0.44**

∆Pao2 0.15 −0.39** −0.25* −0.13 −0.26* −0.06 −0.26* −0.27*

AaPo2rest 0.15 0.00 0.11 0.23* 0.14 0.28* 0.24* 0.19
AaPo2max −0.04 0.48** 0.45** 0.55** 0.49** 0.26* 0.58** 0.46**

∆AaPo2 −0.17 0.44** 0.27* 0.29* 0.33* 0.06 0.32* 0.30*

*p<0.05; **p<0.01

Table 7 Results from stepwise multiple regression analyses with the chest radiographic stage and the total HRCT score as independent
variables and functional parameters as dependent variables

Dependent variable Independent variable Beta R2 change R2 total

FEV1 Gender 0.168 0.120 0.120
Model: F (2,77)=37.81, p<0.001 Total HRCT score −0.638 0.375 0.495
FVC Gender 0.232 0.148 0.148
Model: F (2,77)=27.91, p<0.001 Total HRCT score −0.544 0.272 0.420
DLco Total HRCT score −0.495 0.245 0.245
Model: F (1,78)=25.28, p<0.001
Pao2rest Age −0.326 0.100 0.100
Model: F (2,77)=8.33, p=0.001 Total HRCT score −0.279 0.078 0.178
Pao2max Total HRCT score −0.532 0.284 0.284
Model: F (1,78)=30.87, p<0.001
∆Pao2 Age 0.250 0.066 0.066
Model: F (2,77)=6.56, p=0.002 CXR stage −0.283 0.080 0.146
AaPo2rest Age 0.246 0.057 0.057
Model: F (2,74)=4.72, p=0.012 Total HRCT score 0.236 0.056 0.113
AaPo2max Prednisone 0.190 0.073 0.073
Model: F (2,74)=17.55, p<0.001 Total HRCT score 0.505 0.249 0.322
∆AaPo2 Prednisone 0.210 0.065 0.065
Model: F (2,74)=5.98, p=0.004 Total HRCT score 0.276 0.074 0.139



Intra- and inter-reliability of HRCT

When evaluating the extent of disease seen on HRCT, a
standardised (semi-) quantitative method to detect abnor-
mal findings on HRCT is mandatory to achieve a reliable
comparison of results. In the present study, the HRCT
scoring system described by Oberstein et al. was chosen
[8]. This HRCT score measures parenchymal as well as
lymphatic and pleural involvement, and grades each of
these abnormal features (six in total) into four categories.
To evaluate this HRCT score, the intra- and inter-reader
reliability were assessed. The subscores intra-parenchy-
mal nodules, septal and nonseptal lines, focal pleural
thickening and parenchymal consolidations (including
ground-glass opacifications) all demonstrated moderate
to good inter-reader agreement. The intra-reader agree-
ment was good to excellent in both readers. Inter-ob-
server weighted kappa values were somewhat lower for
thickening or irregularity of the BVB and enlargement of
the lymph nodes; however, good to excellent intra-reader
agreement was demonstrated for these features. This
agreement on HRCT was superior to the intra- and inter-
reader agreement on the radiographic stage.

Reports on intra- and inter-observer reliability of
HRCT scores in sarcoidosis are scarce. Only limited ana-
lyses have been performed, usually assessing only reader
agreement for the global extent of disease, similar to our
total HRCT score. Bergin et al. [13] observed an intra-
observer reliability ranging from 0.47 to 0.78, and an 
inter-observer reliability of 0.58–0.60, in only 27 sarcoi-
dosis patients. Muller et al. [28] found good intra- and
inter-observer agreement for the total extent of disease
on HRCT, in a similar small sample size (n=27) of 
sarcoidosis patients (kappa values of 0.84 or higher).
Notably, the previous studies all demonstrated lower
kappa values compared with our weighted kappas.

In other diffuse lung diseases, attempts have also been
made to critically examine reliability of scored HRCT
abnormalities. One study was performed by Remy-Jardin
et al. [29], in which ground-glass opacities on HRCT
were scored. The inter-observer reliability on this sub-
score was k=0.77. Collins et al. [30] performed a large
study (n=126) in fibrosing alveolitis. Intra-observer reli-
ability ranged from 0.37 to 0.78, and inter-observer reli-
ability ranged from 0.22 to 0.60, depending on the
HRCT pattern. Both Remy-Jardin et al. [29], as well as
Collins et al. [30], did not use weighted kappa for ordi-
nal data; thus, in contrast to our analyses, they did not in-
clude information on proportion of agreement between
readers.

Daniloff et al. assessed the reliability of HRCT in
chronic beryllium disease, a chronic diffuse lung disease
similar to chronic sarcoidosis [14]. The latter study ex-
tensively evaluated intra- and inter-observer agreement
(using weighted kappa) in four pathological features, as
well as the total extent of disease; however, our results
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plained significant proportions of the variance of DLco
(β=−0.362, R2change=0.255), and AaPo2max (β=0.364,
R2change=0.227). In other words, higher scores on BVB
or LS in general coincided with lower scores on lung
function tests shown by a negative sign of the β. The PC,
PL and ND only explained a few percent of the variance
of the FEV1, Pao2max, and AaPo2max. The LN did not
predict any functional parameters.

As enlargement of the lymph nodes demonstrated on
HRCT appeared to have no additional value in relation
to functional impairment, the question was raised as to
whether the subscore LN could be omitted from the total
HRCT score. Notably, when LN was excluded from the
total HRCT score the correlations with the respiratory
functional impairment parameters slightly improved 
(data not shown).

Finally, the ability of HRCT findings and radiograph-
ic stages to rule out respiratory functional impairment
was assessed. In 18 of 25 cases with radiographic stage 0
or I, respiratory functional impairment indicated with an
A-aPo2max above 2.5 kPa was found. Of these cases, 8
(29%) demonstrated parenchymal abnormalities on the
HRCT. Of these 8 cases, 6 had an A-aPo2max >2.5 kPa.
Seventeen cases had only features of lymph node en-
largement on HRCT without features of parenchymal ab-
normalities on HRCT; in 13 of these cases respiratory
functional impairment was found. A total HRCT score of
0, found in only 6 cases, did not rule out abnormal gas
exchange in 3 cases.

Discussion

In the present study, the analysis of intra- and inter-read-
er reliability for the six HRCT subscores and the radio-
graphic stage demonstrated good agreement. Further-
more, HRCT abnormalities appeared to be related to res-
piratory functional impairment. The HRCT features,
such as thickening or irregularity of the BVB, intra-pa-
renchymal nodules, septal and nonseptal lines, and focal
pleural thickening appeared to be associated with the
FEV1, DLco, Pao2max and A-aPo2max. No relationship
was found between parenchymal consolidations (includ-
ing ground glass-opacifications) and parameters of respi-
ratory functional impairment, or enlargement of the
lymph nodes, and parameters of respiratory functional
impairment. Overall, the total HRCT score appeared to
be superior to the radiographic stage in relation to lung
function parameters, both at rest and at maximal exer-
cise. Moreover, multiple regression analyses showed that
only HRCT abnormalities, but not the radiographic
stage, predicted parameters of respiratory functional im-
pairment. To our knowledge, this is the first study in
(chronic) pulmonary sarcoidosis which evaluated HRCT
abnormalities to functional parameters, both at rest and
at maximal exercise.
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demonstrated better weighted kappa values for both 
intra- as well as inter-observer reliability.

Poor to moderate inter-observer agreement was ob-
served on the subscore thickening or irregularity of the
BVB in the present study, which is in line with results
demonstrated by Daniloff et al. [14]. Presumably, a 
more objective definition of this abnormal feature could
improve agreement and should be explored in further
studies.

The somewhat low inter-reader agreement on lymph
nodes in the present study was expected, since HRCT is
not the suitable test for detecting lymph nodes; however,
this did not influence the prediction of respiratory func-
tional impairment, as the subscore LN was not related to
any parameters of respiratory functional impairment. In
line with our results, Bollen et al. [24] demonstrated a
moderate inter-reader agreement (k=0.38) on mediasti-
nal lymph nodes in non-small cell lung cancer, even
though a more proper test, i.e. conventional CT, was
used.

HRCT and respiratory functional impairment

In this study, HRCT abnormalities, especially intra-
parenchymal nodules, thickening or irregularity of the
bronchovascular bundle, septal and nonseptal lines, and
focal pleural thickening, were all associated with respira-
tory functional impairment at rest. Moreover, HRCT ab-
normalities correlated better than the radiographic stage
to functional parameters at rest. It is noted that the scores
by reader A were used in establishing the relationship
between HRCT, radiographic stage and functional pa-
rameters. This is important because the inter-reader
agreement was only fair for BVB and LN. We can only
speculate what the results would have been if reader B
would have scored all patients; however, the correlations
between the 60 BVB scores by reader B and lung func-
tion parameters showed hardly any difference with the
results found for reader A (data not shown).

Previous studies also evaluated HRCT abnormalities
in sarcoidosis patients with functional parameters at rest,
and sometimes arterial blood gas analyses at rest. These
previously reported results are contradictory [4, 13, 16,
17, 20, 28, 31]; however, comparing similar studies with
our results is difficult. The sample size varied and, more
importantly, different scoring systems were used (e.g.
percentages vs categories to quantify disease on HRCT,
general extent of disease vs multiple disease patterns to
qualify disease on HRCT). This emphasises the impor-
tance of consensus on a valid, practical HRCT scoring
system in sarcoidosis.

A similar study evaluating HRCT abnormalities and
respiratory functional impairment was completed by
Daniloff et al. in chronic beryllium disease, a chronic
diffuse lung disease similar to chronic pulmonary sarcoi-

dosis [14]. Associations comparable to our results were
found in this latter study between HRCT abnormalities,
especially nodules, septal lines and bronchial wall thick-
ening, and functional parameters at rest. Furthermore, an
association was also found between functional parame-
ters at rest and ground-glass aspects. Parenchymal con-
solidations (including ground-glass opacifications) were
assumed to be an important feature in the present study
as well. Nevertheless, no relation was found between pa-
renchymal consolidations and any functional parameters
at rest. In contrast, Remy-Jardin et al. found a significant
relation between the FEV1 and parenchymal consolida-
tions in sarcoidosis [17]. The lack of importance of 
parenchymal consolidations in the present study could
not be explained by a lack of patients with a subscore for
parenchymal consolidations >1 (n=12, 15%) compared
with other subscores, or by the intra-reader reliability.

Previously, Lynch et al. indicated that exercise testing
is possibly more sensitive in indicating extent of disease
demonstrated on HRCT [20]; however, conclusions were
based on only 4 patients, who performed additional exer-
cise testing [20]. In line with these results, exercise test-
ing combined with arterial blood gas analyses, especially
the A-aPo2max, was found to be more accurate in defin-
ing respiratory functional impairment [2, 32, 33]. Abnor-
mal values of FEV1 and FVC in sarcoidosis patients are
usually seen when there is already progressive disease
[1]. Furthermore, the DLco is a poor predictor of abnor-
mal gas exchange compared with exercise testing [33];
therefore, in the present study HRCT abnormalities were
associated with functional parameters at maximal exer-
cise, especially with the Pao2max and the A-aPo2max. In
this respect, the total HRCT score was found to be supe-
rior to the radiographic stage. As mentioned above, a
similar study was completed by Daniloff et al. in chronic
beryllium disease [14]. In line with our results, Daniloff
et al. [14] found similar associations between HRCT ab-
normalities, especially nodules, septal lines and bron-
chial wall thickening, and functional parameters at maxi-
mal exercise.

Currently, the course of sarcoidosis cannot be predict-
ed at the onset of symptoms. Moreover, treatment is not
always required. While most patients with sarcoidosis
experience remission of signs and symptoms within
2 years of onset, some have to adjust to lifelong chronic
illness [1]. To help to identify those patients at risk for
severe respiratory impairment from sarcoidosis the chest
roentgenogram appeared to be a poor reflection. More-
over, interpretation of chest roentgenogram is also sub-
jective and the Scadding system does have problems
with being widely applied [1, 3]; therefore, introducing a
valid and validated HRCT scoring system can improve
the reproducibility of chest imaging as well as the clini-
cal usefulness.

To our knowledge, no previous study has compared
HRCT with the radiographic stage in predicting respira-



tory functional impairment. Multiple regression analyses
demonstrated that the total HRCT score predicted func-
tional parameters at rest and at maximal exercise. The
subscores intra-parenchymal nodules, septal and nonsep-
tal lines, focal pleural thickening and thickening or irreg-
ularity of the bronchovascular bundle solely predicted
functional parameters at rest and at maximal exercise. In
contrast, only ∆Pao2 could be predicted by the radio-
graphic stage. In line with this, regression analysis by
Hansell et al. demonstrated the importance of a reticular
pattern and a nodular pattern on HRCT vs functional 
parameters at rest [4]; however, this latter group did not
include exercise testing and the radiographic stage. In
chronic beryllium disease, Daniloff et al. demonstrated
that the total HRCT score and the subscore septal lines
were predictors of the DLco [14]. Notably, they did not
compare the total HRCT score and the radiographic
stage.

The present study demonstrated the relation between
HRCT and respiratory functional impairment. Subse-
quently, we explored the usefulness of a HRCT score 
excluding the subscore lymph nodes (LNneg HRCT
score=BVB+ND+LS+PL+PC) in the clinical situation.
Additional analyses demonstrated that a LNneg HRCT
score of 1 or higher predicted functional impairment, 
especially an A-aPo2max above 2.5 kPa.

Three patients in our study population demonstrated
respiratory functional impairment indicated by an elevat-
ed A-aPo2max, even though no abnormalities were found
on HRCT. Our results are in line with results described
by Nakata et al. [34] who found histological evidence of
slight alveolar wall thickening due to alveolitis, possibly
responsible for decreased diffusion capacity, in sarcoido-
sis patients with a normal HRCT. Although we realise
that the sample size was small, it emphasises that a nor-
mal HRCT does not rule out the presence of respiratory
functional impairment. Exercise testing might be of addi-
tional value in identifying respiratory functional impair-
ment in those cases with an inexplicable history of respi-
ratory symptoms. In accordance with Magkanas et al.
[35], who reported the presence of air trapping in most
of their studied sarcoidosis cases, Fazzi et al. [36] de-
scribed four cases with proven sarcoidosis and minor
pulmonary involvement according to HRCT findings. In
these cases the recently described sign of decreased at-
tenuation on expiratory HRCT scan appeared associated
with reduction of the DLco. These findings might sug-
gest that in cases without abnormalities on regular per-
formed HRCT additionally expiratory HRCT scanning
might reveal a mosaic pattern explaining the diffusion
impairment.

Whether HRCT can predict disease outcome or re-
sponse to therapy in sarcoidosis patients is disputable.
Wells suggested a role for HRCT in refining analyses of
outcome in response to therapy [10]. Remy-Jardin et al.
concluded that prognostic criteria could not be deduced

from results on initial HRCT examination in their study
[17]; however, the frequency and mean extent score of
both architectural distortion and nonseptal lines were
higher on the second evaluation. Therefore, the question
was raised as to whether a specific subscore could pre-
dict prognosis. Furthermore, the HRCT score used in the
present study does not include end-stage features such as
fibrosis. To evaluate disease progression, adding such
subscore might be of additional value. In other studies
by Wells et al. [18, 19] it was shown that CT appearanc-
es were of prognostic value in fibrosing alveolitis and
that they are likely to play an increasing role in disease
staging in these conditions. The therapeutic dilemma for
clinicians who manage patients with sarcoidosis is when
to prescribe steroids and/or immunosuppressive agents,
which are widely used to treat fibrosis and may have a
role in slowing the progression of the inflammation in-
volved in the pathophysiological process of sarcoidosis
towards fibrotic disease; thus, accurate staging of the
disease extent is mandatory to guide therapeutic strate-
gies aimed to avoid potentially preventable functional
impairment in sarcoidosis. Future longitudinal studies
should be directed toward a prospective assessment of
the inter-relationship among HRCT indices changes and
the radiographic stage over the course of the disease and
treatment response.

Conclusion

Additional information can be gained from HRCT per-
formed in the diagnostic work-up of sarcoidosis. The 
intra- and inter-reader reproducibility for the applied
HRCT scoring system, containing six HRCT patterns,
demonstrated good agreement. The appearance and the
extent of disease on HRCT, such as thickening or irreg-
ularity of the bronchovascular bundle, intra-parenchy-
mal nodules, septal and nonseptal lines, and focal pleu-
ral thickening, appeared to be associated with parame-
ters of respiratory functional impairment, both at rest
and at maximal exercise. Parenchymal consolidations
(including ground-glass opacifications) and enlargement
of the lymph nodes were of minor importance. Further-
more, multiple regression analyses demonstrated that
the HRCT features, but not the radiographic stage, pre-
dicted the presence of respiratory functional impair-
ment.
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