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rheumatoid arthritis–associated 
interstitial lung Disease: 
Radiologic Identification of Usual 
Interstitial Pneumonia Pattern1
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Bo Hyoung Kang, MD
Jay H. Ryu, MD
Talmadge E. King, MD
Harold R. Collard, MD
Dong Soon Kim, MD
Joyce S. Lee, MD

Purpose: To determine the accuracy of computed tomography 
(CT) in identifying the histopathologic usual interstitial 
pneumonia (UIP) pattern in rheumatoid arthritis–associ-
ated interstitial lung disease (RA-ILD).

Materials and 
Methods:

All patients were enrolled into institutional review board-
approved longitudinal cohorts at their respective institu-
tion, and informed consent was obtained at the time of 
enrollment. Images of patients with surgical lung biopsy-
proved RA-ILD (n = 69) were collected from three tertiary 
care centers. Two experienced thoracic radiologists inde-
pendently reviewed the CT scans. The CT pattern was 
categorized as definite UIP, possible UIP, or inconsistent 
with UIP in accordance with published criteria. Findings 
of biopsies were reviewed by an experienced lung pathol-
ogist. The sensitivity and specificity of definite CT UIP 
pattern to histopathologic UIP pattern were determined. 
The agreement between radiologists was assessed by cal-
culating a k score.

Results: The histopathologic UIP pattern was present in 42 of 
69 (61%) patients. Men were more likely than women 
to have a histopathologic UIP pattern (P = .02). Twenty 
patients (29%, 20 of 69) had a definite UIP pattern on 
CT scans. The specificity of CT UIP pattern was 96% (26 
of 27; 95% confidence interval [CI]: 81%, 100%), with a 
negative predictive value of 53% (26 of 49). The sensitiv-
ity of CT UIP pattern was 45% (19 of 42; 95% CI: 30%, 
61%), with a positive predictive value of 95% (19 of 20). 
The agreement between radiologists for definite UIP pat-
tern versus not was 87% (k = 0.67, P , .0001).

Conclusion: Definite UIP pattern on a CT scan in RA-ILD is highly 
specific and moderately sensitive for histopathologic UIP 
pattern. CT can therefore help accurately identify the UIP 
pattern in RA-ILD.
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specific study was exempt from institu-
tional review board approval due to the 
use of de-identified data.

Patients were included in this study 
if they had a diagnosis of RA and a sur-
gical lung biopsy confirming the diag-
nosis of ILD. The diagnosis of RA was 
made according to the 1987 American 
College of Rheumatology classification 
criteria for RA (17). Patients were ex-
cluded from the study if they did not 
have a CT scan of the chest obtained 
within 12 months of their surgical lung 
biopsy. There were no other exclusion 
criteria. A total of 83 patients with RA 
and biopsy-proved ILD were identified 
from the three cohorts. Of those, 69 
had a CT within 1 year of the surgical 
lung biopsy available for review and 
were included in the analysis (ie, 14 pa-
tients were excluded).

Demographics, smoking history 
(ever vs never), serologic profile (rheu-
matoid factor, anticyclic citrullinated 
peptide, and antinuclear antibody), 
medications (including prednisone and 
methotrexate), and pulmonary function 
(percentage of predicted forced vital ca-
pacity and of diffusing capacity of lung 
for carbon monoxide) were recorded for 

is important. Surgical lung biopsies, how-
ever, are not routinely performed in pa-
tients with RA-ILD and can be associated 
with morbidity and mortality (13).

Chest computed tomography (CT) 
has been shown to help accurately pre-
dict histopathologic UIP pattern in some 
patients with idiopathic pulmonary fi-
brosis (IPF), a fibrosing lung disease of 
unknown cause. In IPF, a CT pattern of 
UIP is characterized by the presence of 
reticular opacities, often associated with 
traction bronchiectasis, in a subpleural 
and basal distribution (14). Honeycomb-
ing, clustered cysts with well-defined 
walls involving the subpleural lung, is the 
key finding for making a definite diagno-
sis of UIP pattern. These CT features, in 
the absence of features inconsistent with 
UIP pattern such as extensive ground-
glass opacity and substantial mosaic 
perfusion, have been shown to be highly 
specific, but not sensitive, for histopath-
ologic UIP pattern and have been termed 
radiologic UIP (15,16). If patients do not 
have a radiologic UIP pattern, a surgical 
lung biopsy is required to make the di-
agnosis (14).

It is unknown if CT performs as well 
in identifying the UIP pattern in dis-
eases other than IPF that manifest with 
a histopathologic UIP pattern, most 
commonly RA-ILD. The purpose of this 
study was to determine the accuracy 
of CT in identifying the histopathologic 
UIP pattern in RA-ILD.

Materials and Methods

Study Design and Patient Population
From 1997 to 2011, patients with RA-
ILD were identified from three tertiary 
care centers. All patients were enrolled 
into institutional review board–approved 
longitudinal cohorts at their respective 
institution, and informed consent was 
obtained at the time of enrollment. This 

Rheumatoid arthritis (RA) is the 
most common inflammatory ar-
thritis in the United States and 

affects 1% of the population (1). In-
terstitial lung disease (ILD) is a com-
mon extra-articular manifestation of 
RA and is associated with substantial 
morbidity and mortality (2). There are 
two primary histopathologic patterns of 
ILD that are observed in patients with 
RA-associated ILD (hereafter, RA-ILD), 
the nonspecific interstitial pneumonia 
(NSIP) pattern and the usual interstitial 
pneumonia (UIP) pattern (3–5). Other 
less common patterns include organiz-
ing pneumonia and obliterative bron-
chiolitis (2,6).

There is growing evidence to sug-
gest that distinguishing UIP pattern from 
non-UIP pattern in RA-ILD may have 
important clinical implications with re-
gard to treatment, disease progression, 
and prognosis (7–12). RA-ILD patients 
with UIP pattern appear to have a dif-
ferent clinical phenotype than do RA-ILD 
patients without the UIP pattern. Those 
with UIP pattern tend to be older, are 
more likely to be men, and seem to be 
less responsive to conventional treatment 
compared with RA-ILD patients with 
non-UIP pattern (3,8,9). In addition, the 
UIP pattern in RA-ILD is associated with 
significantly shortened survival compared 
with that in those without the UIP pattern 
(9,11,12). Therefore, accurate identifica-
tion of RA-ILD patients with UIP pattern 

Implication for Patient Care

 n The use of CT in RA-ILD can 
help confirm the presence of UIP 
pattern, a histopathologic pheno-
type associated with increased 
mortality in this population.

Advances in Knowledge

 n CT of the chest can be used to 
correctly identify the histopatho-
logic usual interstitial pneumonia 
(UIP) pattern in patients with 
rheumatoid arthritis–associated 
interstitial lung disease (RA-ILD), 
with a positive predictive value of 
95% (19 of 20).

 n In patients with RA-ILD, a defi-
nite CT UIP pattern (composed 
of basal and subpleural intersti-
tial reticulations and fibrosis, 
traction bronchiectasis, and hon-
eycombing) has a specificity of 
96% (26 of 27) and a sensitivity 
of 45% (19 of 42) for the histo-
pathologic UIP pattern.

Published online before print
10.1148/radiol.13130187 Content code: 
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ILD = interstitial lung disease
IPF = idiopathic pulmonary fibrosis
NSIP = nonspecific interstitial pneumonia
RA = rheumatoid arthritis
UIP = usual interstitial pneumonia
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of disease was recorded as definite UIP 
pattern, possible UIP pattern, and in-
consistent with UIP pattern (Figure). 
Briefly, a definite UIP pattern is defined 
as subpleural, basal predominance of 
reticular abnormalities, honeycombing 
with or without traction bronchiecta-
sis, and absence of extensive ground-
glass opacities, nodules, discrete cysts, 
mosaic attenuation, air trapping, or 
segmental/lobar consolidation. Possi-
ble UIP pattern requires all features of 
definite UIP pattern listed above except 
for honeycombing. A pattern inconsis-
tent with UIP requires the presence 
of any of the following abnormalities: 
upper or midlung zone predominance, 
peribronchovascular predominance, ex-
tensive ground-glass opacities, profuse 

on picture archiving and communica-
tion systems by using standard win-
dow levels and widths. All images were 
viewed at window setting optimized for 
assessment of lung parenchyma (width, 
1500 HU; level, 2700 HU). Each CT 
scan was independently read by two 
expert thoracic radiologists (B.M.E., 
T.H.U.; 8 and 4 years of experience, 
respectively). The radiologists were 
blinded to the patient’s diagnosis, clin-
ical information, and histopathologic 
pattern of disease. The radiologic pat-
tern of ILD was interpreted according 
to the American Thoracic Society, Eu-
ropean Respiratory Society, Japanese 
Respiratory Society, and Latin Ameri-
can Thoracic Association statement on 
the diagnosis of IPF (14). The pattern 

all patients. Patient characteristics were 
obtained from the medical record.

Radiologic Evaluation
CT was performed by using four, 16, or 
64 multidetector scanners (Light Speed 
Ultra or Light Speed VCT, Bone kernel, 
GE Healthcare, Milwaukee, Wis; and 
Sensation 64, B46 kernel, Siemens, Er-
langen, Germany). Axial images were 
acquired in the supine position at full 
inspiration at 1-cm intervals by using 
1.25-mm section thickness. Helical im-
ages were obtained in selected patients 
depending on the clinical indication. 
These images were reconstructed at 
1–1.5-mm intervals. All images were 
reconstructed by using an edge-enhanc-
ing algorithm. Images were reviewed 

Axial thin-section CT scans (1.25-mm-thick sections) of the chest in patients with RA-ILD at full inspiration. (a) Definite UIP pattern. (b) Possible UIP pattern. (c) Pattern 
inconsistent with the UIP pattern with diffuse micronodules. (d) Pattern inconsistent with the UIP pattern, with ground-glass opacities in a peribronchovascular distribution.
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the subset of lung biopsies that were 
read by a second pathologist.

Results

The patients were predominantly fe-
male (65%, 45 of 69), with a mean 
age of 58 years (mean age, 55 years 
for women and 63 years for men; P 
= .003) (Table 1). Forty-five percent 
(31 of 69) of patients had a history 
of cigarette smoking. The majority of 
patients reported prednisone use at 
baseline (77%, 53 of 69), while only 
25% (17 of 69) reported use of meth-
otrexate. The patients had moderately 
reduced pulmonary function, with 
a mean forced vital capacity of 69% 
predicted and mean diffusing capacity 
of lung for carbon monoxide of 61% 
predicted.

Histopathologic UIP pattern was 
present in 61% of the patients (42 of 
69). Other histopathologic patterns of 
ILD included NSIP (n = 14), organizing 
pneumonia (n = 6), acute lung injury 
(n = 3), and others (obliterative and 
constrictive bronchiolitis, methotrex-
ate toxicity, nonclassifiable interstitial 
fibrosis, n = 4). Male sex was associ-
ated with histopathologic UIP pattern 
(P = .02) (Table 1). No other clinical 
variables were associated with histo-
pathologic UIP pattern. There were 52 
surgical lung biopsies that were avail-
able for a second review. The interrater 
agreement for UIP at histopathologic 
examination was 87%, with a k value 
of 0.72 (P , .001) (Table E1 [online]).

Radiologic UIP pattern was identi-
fied in 29% of patients (20 of 69). The 
remainder had possible UIP pattern (n 
= 18) and pattern inconsistent with UIP 
(n = 31) (Table 2). The reasons for an 
inconsistent UIP pattern included pres-
ence of extensive ground-glass opacities 
(n = 22), peri-bronchovascular predom-
inance (n = 12), discrete cysts (n = 4), 
presence of consolidation (n = 4), dif-
fuse mosaicism and/or air-trapping in 
more than three lobes (n = 2), upper-
mid lung zone predominance (n = 1), 
and/or presence of profuse micronod-
ules (n = 1). The interrater agreement 
for radiologic UIP pattern on CT scans 
with use of the strict criteria (definite 

comparisons between subjects with 
and those without UIP pattern at histo-
pathologic analysis were performed by 
using x2 test for categorical variables 
and t test for numeric variables. The 
test characteristics of radiologic UIP 
pattern were obtained by comparing 
the UIP pattern on a CT scan, using 
the consensus readings from both ra-
diologists, to the histopathologic UIP 
pattern as the reference standard. 
These included measures of sensitivity, 
specificity, and positive and negative 
predictive values. We performed two 
separate analyses, one using strict cri-
teria for radiologic UIP pattern (defi-
nite vs nondefinite [possible plus incon-
sistent]) and one using broad criteria 
for radiologic UIP pattern (definite plus 
possible vs inconsistent). Test charac-
teristics were obtained by using the 
consensus CT interpretations. Inter-
rater agreement of the radiologic UIP 
pattern was determined by calculating 
the k value, using the CT readings that 
were performed initially, indepen-
dently. A k value was also calculated 
for the histopathologic UIP pattern on 

micronodules, discrete cysts away from 
areas of honeycombing, diffuse mosaic 
attenuation or air trapping (bilateral, 
in three or more lobes), or segmental/
lobar consolidation. Disagreements be-
tween the two radiologists were subse-
quently resolved by consensus.

Histopathologic Evaluation
All surgical lung biopsy specimens were 
read prospectively at the time of ini-
tial enrollment into the participating 
center’s cohort by lung pathologists 
who are experts in the interpretation 
of ILD. All lung biopsy specimens that 
were available for re-review for this 
study were read by a second lung pa-
thologist (T.V.C.). Histopathologic UIP 
pattern was determined by using the 
criteria described in the 2001 American 
Thoracic Society and European Respi-
ratory Society International Consensus 
Classification of idiopathic interstitial 
pneumonias (18).

Statistical Analysis
Descriptive statistics are presented as 
mean 6 standard deviation. Intergroup 

Table 1

Baseline Characteristics

Characteristic
All RA-ILD  
Patients (n = 69)

RA-ILD Patients  
with UIP (n = 42)

RA-ILD Patients  
without UIP (n = 27) P Value

Age (y) 58 6 11.6 58.6 6 10.9 57.0 6 12.8 .59
Age of women (y) 55 6 11.7 54.2 6 9.8 56.4 6 13.6
Age of men (y) 63 6 9.8 63.9 6 10 59.8 6 9
Female sex* 45 (65.2) 23 (54.8) 22 (81.5) .02
Ever smoker* 31 (44.9) 18 (42.9) 13 (48.1) .67
RA medications*
 Prednisone 53 (76.8) 32 (76.2) 21 (77.8) .88
 Methotrexate 17 (24.6) 9 (21.4) 8 (29.6) .44
Pulmonary function
 Forced vital capacity (%) 69.4 6 18.7 69.5 6 20.0 69.1 6 16.8 .93
 DLCO (%) 61.2 6 21.6 60.8 6 23.1 61.9 6 19.3 .86
Serologic profile*
 Rheumatoid factor† 55 (82.1) 33 (80.5) 22 (84.6) .67
 Anticyclic citrullinated peptide‡ 26 (70.2) 16 (72.7) 10 (66.7) .69
 Antinuclear antibody (1:40)§ 33 (53) 20 (48.7) 13 (52.0) .40

Note.— DLCO = diffusing capacity of lung for carbon monoxide. Unless otherwise indicated, data are means 6 standard deviation.

* Data are the number of patients and data in parentheses are percentages.
† Data available in 67 patients (41 with UIP and 26 without UIP).
‡ Data available in 37 patients (22 with UIP and 15 without UIP).
§ Data available in 66 patients (41 with UIP and 25 without UIP).



Radiology: Volume 270: Number 2—February 2014 n radiology.rsna.org 587

THORACIC IMAGING: Rheumatoid Arthritis–associated Interstitial Lung Disease Assayag et al

pneumonia, including 73 with histopath-
ologic UIP pattern. All 27 patients who 
had a radiologic UIP pattern on a CT 
scan had UIP pattern on histopathologic 
examination, with a specificity of 100% 
and a sensitivity of 37%. More recently, 
Aalokken et al (20) studied 91 patients 
with idiopathic interstitial lung disease 
and found the specificity of CT UIP pat-
tern to be 96%, with a sensitivity of 
63%.

We found good interrater agreement 
of radiologic UIP. Our observed agreement 
is similar to what has been previously 
published in the IPF literature. In the 
study by Hunninghake et al (16), the in-
terrater agreement for radiologists in de-
termining the radiologic UIP pattern was 
fair at 77%, with a k value of 0.54. Aalok-
ken et al (20) found very good agreement 
between the two radiologists reading the 
CT scans (with 18 and 12 years of experi-
ence), with a k value of 0.79. The differ-
ences in agreement may be due in part to 
differences in the prevalence of histopath-
ologic UIP in each of the cohorts.

The criteria for radiologic UIP pat-
tern on a CT scan used in this study 
were derived and validated by using 
patients suspected of having IPF (14). 
To our knowledge, the radiologic UIP 
pattern has not been validated in other 
conditions that manifest with UIP pat-
tern, primarily RA-ILD. Our findings are 
consistent with the test performance of 
CT in depicting histopathologic UIP pat-
tern in IPF. Raghu et al (15) prospec-
tively assessed the correlation between 
clinical, radiologic, and pathologic di-
agnosis of ILD in patients referred to a 
tertiary care center. Among 29 patients 
with a histopathologic diagnosis of IPF, 
CT had a specificity of 90% and a sen-
sitivity of 79%. Hunninghake et al (16) 
identified 91 patients suspected of hav-
ing IPF. Among those, 54 patients had 
UIP pattern on histopathologic examina-
tion. The specificity of CT for a radio-
logic UIP pattern was 95%, with a sen-
sitivity of 85%. Subsequently, Flaherty 
et al (19) assessed a prospective cohort 
of 96 patients with idiopathic interstitial 

vs possible plus inconsistent) was 87%, 
with a k value of 0.67 (P , .0001) (Table 
E2 [online]). The interrater agreement 
for radiologic UIP pattern on CT scans 
with use of the broad criteria (definite 
plus possible vs inconsistent) was 75%, 
with a k value of 0.52 (P , .0001).

By using the strict criteria for radio-
logic UIP pattern, a definite UIP pattern 
on a CT scan was highly specific for a 
UIP pattern on histopathologic exami-
nation (96%, 26 of 27; 95% confidence 
interval [CI]: 81%, 100%) (Table 3). 
This was associated with a positive pre-
dictive value of 95% (19 of 20; 95% CI: 
75%, 100%). The sensitivity of radio-
logic UIP pattern on a CT scan was 45% 
(19 of 42; 95% CI: 30%, 61%) when 
compared with that on histopathologic 
examination. This was associated with 
a negative predictive value of 53% (26 
of 49; 95% CI: 38%, 68%). By using 
the broad criteria for radiologic UIP 
pattern, the sensitivity of CT improved 
to 81% (34 of 42; 95% CI: 66%, 91%), 
with a slight reduction in specificity 
(85%, 23 of 27; 95% CI: 66%, 96%). 
This increased the area under the re-
ceiver operating characteristic curve 
from 0.71 to 0.83.

Discussion

Findings of our study suggest that histo-
pathologic UIP in RA-ILD can be deter-
mined with a high degree of confidence 
when the radiologic UIP pattern is pre-
sent on a CT scan. Given emerging data 
that identifying histopathologic UIP has 
important clinical implications for RA-
ILD patients, a method of identifying it 
without the risk and cost of surgical lung 
biopsy is valuable. Although loosening 
the radiologic criteria to include those 
with possible UIP pattern on a CT scan 
resulted in a better overall performance 
(as judged by the area under the curve 
analysis), specificity and interobserver 
agreement between radiologists suffers. 
Because reliability and a high positive 
predictive value are critical for a surro-
gate diagnostic test for histopathologic 
UIP, we propose that only radiologic UIP 
pattern (and not radiologic possible UIP 
pattern) be considered diagnostic of his-
topathologic UIP in RA-ILD.

Table 2

UIP Pattern on CT Scan Compared with Histopathologic Examination (14)

Criterion
UIP at Histopathologic  
Examination

Non-UIP at Histopathologic  
Examination Total

Strict
 Definite UIP on CT scan 19 1 20
 Possible plus inconsistent UIP on CT scan 23 26 49
 Total 42 27 69
Broad
 Definite plus possible UIP on CT scan 34 4 38
 Inconsistent with UIP on CT scan 8 23 31
 Total 42 27 69

Table 3

Test Characteristics of CT in Determining Histopathologic UIP Pattern

Parameter Strict Criteria for UIP Broad Criteria for UIP

Sensitivity (%) 45% (19/42) [30%, 61%] 81% (34/42) [66%, 91%]
Specificity (%) 96% (26/27) [81%, 100%] 85% (23/27) [66%, 96%]
AUC* 0.708 [0.623, 0.792] 0.831 [0.740, 0.922]
Positive predictive value (%) 95% (19/20) [75%, 100%] 89% (34/38) [75%, 97%]
Negative predictive value (%) 53% (26/49) [38%, 68%] 74% (23/31) [55%, 88%]

Note.—Data in parentheses are the raw data used to calculate percentages. Data in brackets are 95% confidence intervals.

* AUC = Area under the receiver operating characteristic curve.
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Our study had some limitations. 
First, given that the CT images were 
obtained at different centers, there 
may have been some differences in the 
techniques of image acquisition, patient 
positioning, and processing of the scan. 
However, all three centers were tertiary 
care hospitals with expertise in ILD 
and protocols for obtaining CT scans in 
these patients. Second, the histopatho-
logic diagnosis of UIP was determined by 
separate pathologists at their respective 
institutions. However, one pathologist 
(T.V.C.) provided a second reading for 
52 of 69 patients in the study. We found 
good agreement between the readers 
for the histopathologic UIP pattern. This 
is similar to what has been previously 
described in the literature for the idio-
pathic interstitial pneumonias (21,22). 
Last, given that this population includes 
only biopsy-proved RA-ILD cases, there 
may be spectrum bias and these findings 
may be less generalizable to all patients 
with RA-ILD.

In summary, we have shown that 
the widely accepted and validated CT 
features for a radiologic UIP pattern 
used to make a diagnosis of IPF can be 
used to identify the UIP pattern in RA-
ILD patients, with a high degree of con-
fidence. Similar to the literature for the 
idiopathic interstitial pneumonias, the 
histopathologic subtype likely has im-
portant prognostic and potentially ther-
apeutic implications in patients with 
RA-ILD (7–9). Given the physiologic 
impairment seen in this patient popula-
tion and the risks associated with surgi-
cal lung biopsy, the accurate identifica-
tion of the UIP pattern in patients with 
RA-ILD by using noninvasive diagnostic 
tests such as CT is important.
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