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Abstract
Objectives Inflammatory rheumatic diseases (IRD) are often associated with interstitial lung disease (ILD). The 
aim of the present study was to establish a correlation between the findings on HRCT and the immunological 
bronchoalveolar lavage (BAL).

Methods The study included 74 patients with newly diagnosed IRD and evidence of ILD on HRCT with the following 
pattern: ground-glass opacities (GGO), non-specific interstitial pneumonia (NSIP) and usual interstitial pneumonia 
(UIP). Patients with other HRCT pattern were excluded. No patient received any immunosuppressive therapy. In 
addition to HRCT, immunological BAL was performed and the American Thoracic Society clinical practice guideline 
were used to define BAL patterns (lymphocytic cellular pattern, neutrophilic cellular pattern, eosinophilic cellular 
pattern and unspecified pattern).

Results The main HRCT patterns were NSIP (47.3%), GGO (33.8%), and UIP (18.9%). BAL patterns showed the 
following distribution: 41.9% lymphocytic cellular pattern, 23.0% neutrophilic cellular pattern, 18.9% eosinophilic 
cellular pattern, and 16.2% unspecific cellular pattern. Placing these data in the context of the HRCT findings, the 
lymphocytic cellular BAL pattern (48%) was most commonly BAL pattern associated with GGO pattern in HRCT, 
whereas neutrophilic and lymphocytic cellular BAL patterns were the dominant feature in NSIP and UIP.

Conclusion In patients with new-onset IRD and ILD, inflammatory pulmonary changes are predominate, reflected 
by GGO on HRCT and a mainly lymphocytic cell profile in the immunological BAL. In NSIP or UIP on HRCT, the 
percentages of lymphocytes and neutrophils were higher in BAL fluid, representing a fibrotic component in 
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Introduction
Inflammatory rheumatic disease (IRD) represent a group 
of immune-mediated inflammatory diseases, includ-
ing inflammatory joint disease, connective tissue dis-
eases (CTD), myositis, and vasculitis [1]. Interstitial lung 
disease (ILD) is one of the main organ manifestation 
ranging between 12 and 80% in IRD-patients [2]. In addi-
tion, IRD-ILD is associated with an increased mortality 
depending on the underlining IRD [3].

International guidelines currently recommend high-
resolution computed tomography (HRCT) as the gold 
standard imaging modality for the evaluation of IRD-
ILD [4–6]. In established IRD-ILD, HRCT often reveals 
a specific pattern like usual interstitial pneumonia (UIP), 
non-specific interstitial pneumonia (NSIP) or ground-
glass opacities (GGO) [7]. Unfortunately, HRCT does 
not allow the differentiation between inflammatory and 
fibrotic changes of the lung. In addition, patients with 
new-onset IRD and ILD may not have the characteristic 
patterns that allow a diagnosis to be made with a high 
level of confidence using HRCT imaging alone.

Bronchoalveolar lavage (BAL) is a minimally invasive 
technique for obtaining fluid from the pulmonary bron-
choalveolar lining for diagnostic purposes. In patients 
with suspected ILD, the recommended diagnostic exami-
nations performed on BAL fluid include differential 
cell count, microbiological studies, and malignant cell 

cytology laboratory testing [1]. Based on these cell pat-
terns, some ILDs (e.g. sarcoidosis, pulmonary alveolar 
proteinosis) can be diagnosed by BAL [8, 9]. However, 
the role of BAL for the differentiation between inflamma-
tion and fibrosis in IRD-ILD is less clear.

So far, there are no data on a possible association 
between HRCT and BAL patterns in patients with IRD 
and ILD. Our study addressed this question.

Patients and methods
The study included 74 newly diagnosed IRD-patients (61 
women and 13 men) with CTD (N = 46), myositis (N = 12), 
vasculitis (N = 10), and rheumatoid arthritis (RA; N = 6). 
Details regarding baseline characteristics see Table 1.

If the pulmonary function test (PFT) showed a low car-
bon monoxide diffusing capacity (DLCO) < 80% which 
is considered to be the earliest abnormality on PFT in 
patients with ILD, a HCRT was performed. Patients were 
included in our study if the following HCRT (using the 
standard protocol of the manufacturers) showed ground-
glass opacities (GGO), non-specific interstitial pneumo-
nia (NSIP), and/or usual interstitial pneumonia (UIP) 
[7]. There was no minimum amount of fibrosis required 
for a patient to be classed as having ILD. Only the pres-
ence of HRCT patterns was evaluated. All HRCT scans 
were read by a radiologist and a rheumatologist. In the 
case of ambiguous findings, the final decision was made 

addition to the inflammation. Consequently, patients with evidence of GGO on HRCT should primarily be treated 
with anti-inflammatory/immunosuppressive therapy, whereas in patients with NSIP and UIP a combination of anti-
inflammatory and anti-fibrotic agents would be the appropriate treatment.

Table 1 Baseline characteristics of ILD-group
CTD Myositis Vasculitis RA

Number of patients N = 46 N = 12 N = 10 N = 6
Age mean ± standard 
deviation

62.1 ± 14.5 years 60.1 ± 9.7 years 61.7 ± 10.7 years 63.0 ± 10.9 
years

Gender Women N = 42 (91.3%)
Men N = 4 (8.7%)

Women N = 8 (66.7%)
Men N = 4 (33.3%)

Women N = 6 (60%)
Men N = 4 (40%)

Women 
N = 5 
(83.3%)
Men N = 1 
(16.7%)

IRD SLE: N = 9
Sjogren´s disease: N = 7
SSc: N = 25
MCTD: N = 5

Dermatomyositis: N = 5
Polymyositis: N = 1
Anti Jo1-syndrome: N = 6

EGPA: N = 5
GPA: N = 2
MPA: N = 3

N = 6

Immunological labora-
tory findings

ANA positive: N = 46
Scl 70-antibody positive: N = 13
Ro-antibody positive: N = 8
dsDNS-antibody positive: N = 7
Centromer-antibody positive: N = 5
U1RNP-antibody positive: N = 4
PM-Scl-antibody positive: N = 2
Tif1g-antibody positive: N = 1

ANA positive: N = 7
Anti Jo1-antibody positive: N = 6
MDA5-antibody positive: N = 2
PL-12-antibody positive: N = 1
PL-7-antibody positive: N = 1

MPO-antibody positive: 
N = 3
PR3-antibody positive: 
N = 2

Anti-CCP-
antibody 
positive: 
N = 5
RF-posi-
tive: N = 4

ANA = Antinuclear antibody; CTD = Connective tissue disease; EGPA: Eosinophilic granulomatosis with polyangiitis; GPA = Granulomatosis with polyangiitis; 
IRD = Inflammatory rheumatic disease; MPA = Microscopic polyangiitis; RA = Rheumatoid arthritis; SLE = Systemic lupus erythematosus; SSc = Systemic sclerosis
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by a second radiologist. Immunosuppressive or immuno-
modulatory treatment (including glucocorticoids), pre-
existing pulmonary diseases, current or former smoking 
as well as infection(s) at the time point of immunological 
BAL were exclusion criteria.

Immunological bronchoalveolar lavage
All patients underwent an immunological BAL. The pro-
cedure itself as well as the handling and processing of the 
BAL fluid were performed according to the recommen-
dations of the American Thoracic Society (ATS) clinical 
practice guideline [10]. Besides microbiological stud-
ies and cytopathology, a differential cell count analysis 
was done. The interpretation of BAL nucleated immune 
cell patterns was also based on the ATS clinical practice 
guideline using the following definitions [10]:

  • Lymphocytic cellular pattern > 15% lymphocytes.
  • Neutrophilic cellular pattern > 3% neutrophils.
  • Eosinophilic cellular pattern > 1% eosinophils.

The above mentioned pattern were complemented by 
unspecific cellular pattern (< 15% lymphocytes, < 3% neu-
trophils, < 1% eosinophils) recommended as modified 
ATS.

In detail, the ATS classification was simplified into 
just four categories: Lymphocytic cellular pattern, neu-
trophilic cellular pattern, eosinophilic cellular pattern, 
and unspecified pattern, called modified ATS. For each 
patient, the percentages of lymphocytes, neutrophils, 
and eosinophils are compared to set thresholds (15% 
for lymphocytes, 3% for neutrophils, and 1% for eosino-
phils). The category with the highest positive difference 
is chosen. If there is no positive difference, the patient is 
labeled as “Unspecified cellular pattern”.

Statistical analysis
Data collection and documentation was carried out 
using Microsoft Excel® (Microsoft Windows, Redmond 
Washington, USA). Descriptive data analysis and data 
processing were performed with the Python program-
ming language (version 3.10.0) as well as the additional 

packages Numpy (version 1.22.3), Pandas (version 1.4.1), 
and Scipy (version 1.8.0).

During data processing, patients were classified into 
BAL patterns according to the ATS guideline [10]. How-
ever, the ATS classification was restricted to just three 
groups: Lymphocytic cellular pattern (‘Lym’), neutro-
philic cellular pattern (‘Neu’), and eosinophilic cellular 
pattern (‘Eos’).

Therefore, the classification was referred to as ‘modi-
fied ATS’ (‘modATS’) in the following. The classification 
procedure was as followed:

1. Respective thresholds as obtained from ATS are 
subtracted from the fractions of lymphocytes (Lym: 
0.15), neutrophils (Neu: 0.03), and eosinophils (Eos: 
0.01).

2. Patients are assigned to the respective BAL pattern 
(‘Lym’, ‘Neu’, ‘Eos’) with the greatest positive 
difference value.

3. If no difference greater than 0 is observed, allocation 
to the category ‘Unspecified’ was made.

The respective statistical significance level of group dif-
ferences between BAL pattern (modified ATS pattern) 
and HRCT pattern were calculated using Fisher’s exact 
test (scipy.stats.fisher_exact). P-values < 0.05 were consid-
ered as significant.

Results
HRCT
For the total study cohort, the main HRCT patterns were 
NSIP (47.3%) and GGO (33.8%), followed by UIP (18.9%) 
(Table  2). NISP was also the leading finding in patients 
with CTD (45.7%) and myositis (75.0%), whereas GGO 
was most frequently seen in vasculitis (60.0%) and RA 
(50.0%). Further, UIP was the least frequently detected 
pattern (CTD 19.5%, myositis 25.0%, vasculitis 20.0% and 
RA 0%) in the initial diagnosis of IRD with ILD.

Immunological BAL pattern
The total cell count was similar between all IRD groups 
(CTD 2.4 × 105, myositis 3.1 × 105, and vasculitis 3.4 × 105) 
(Table  3). Compared to ATS reference values, lympho-
cytes (ATS reference value 10–15%) were increased in 
RA (27.0%), myositis (26.8%), CTD (20.8%), and vasculi-
tis (17.2%). Neutrophils (ATS reference value < 3%) were 
elevated in CTD (6.6%) and myositis (8.5%) and within 
the normal range in vasculitis (2.7%). Regarding eosino-
phils (ATS reference value < 5%) no increased mean val-
ues were observed for CTD (3.2%), myositis (3.5%) and 
RA (0.7%) with exception of vasculitis (7.1%).

The main modified ATS BAL pattern was a lym-
phocytic cellular pattern (41.9%), followed by neutro-
philic cellular pattern (23.0%), eosinophilic cellular 

Table 2 HCRT patterns in different IRD
CTD
N = 46

Myositis
N = 12

Vasculitis
N = 10

RA
N = 6

Total
N = 74

GGO 34.8% 
(N = 16)

0% (N = 0) 60.0% (N = 6) 50.0% 
(N = 3)

33.8% 
(N = 25)

NSIP 45.7% 
(N = 21)

75.0% 
(N = 9)

20.0% (N = 2) 50.0% 
(N = 3)

47.3% 
(N = 35)

UIP 19.5% (N = 9) 25.0% 
(N = 3)

20.0% (N = 2) 0% (N = 0) 18.9% 
(N = 14)

CTD = Connective tissue disease; GGO = Ground-glass opacity; 
IRD = Inflammatory rheumatic disease; NISP = Non-specific interstitial 
pneumonia; RA = Rheumatoid arthritis; UIP = Usual interstitial pneumonia
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pattern (18.9%), and unspecified cellular pattern (16.2%) 
(Table 4). The same results were observed for CTD, myo-
sitis, and RA with an increased presence of lymphocytes. 
In patients with vasculitis, the eosinophilic cellular pat-
tern was predominant.

Immunological BAL patterns in correlation with HRCT 
pattern
The highest cell count (2.7 × 105) was found for GGO 
compared with NSIP (2.6 × 105) and UIP (2.4 × 105) and 
the highest neutrophil count was observed for NSIP 
(7.8%). Compared to the reference values according to 
the ATS clinical practice guideline, in GGO lymphocytes 
(19.7%, ATS reference value: 10–15%) were increased by 
normal neutrophils and eosinophils. For NSIP and UIP 
the lymphocytes (NSIP 24.0% versus UIP 20.0%, ATS 

Table 3 Immunological BAL cell patterns in different IRD
CTD
n = 46

Myositis
n = 12

Vasculitis
n = 10

RA
n = 6

Total
n = 74

Reference values 
according to ATS 
clinical practice 
guideline [10]

Cell count (total)
mean ± SD

2.4 × 105 ± 1.7 × 105 3.1 × 105 ± 1.0 × 105 3.4 × 105 ± 2.2 × 105 1.6 × 105 ± 1.7 × 105 2.6 × 105 ± 1.0 × 105 -

Alveolar 
macrophages
mean ± SD

67.9 ± 20.5% 58.0 ± 17.0% 71.8 ± 20.9% 67.8 ± 19.0% 66.8 ± 20.0% > 85%

Lymphocytes (CD4+/
CD8+)
mean ± SD

20.8 ± 15.9% 26.8 ± 16.1% 17.2 ± 16.2% 27.0 ± 20.5% 21.8 ± 16.3% 10–15%

Neutrophils
mean ± SD

6.6 ± 8.1% 8.5 ± 6.9% 2.7 ± 2.4% 3.3 ± 2.7% 6.1 ± 7.2% < 3%

Eosinophils
mean ± SD

3.2 ± 4.1% 3.5 ± 5.8% 7.1 ± 14.6% 0.7 ± 0.5% 3.6 ± 6.6% < 5%

ATS = American Thoracic Society; CTD: Connective tissue disease; RA = Rheumatoid arthritis; SD = Standard deviation

Table 4 BAL cell pattern in different IRD according to the ATS clinical practice guideline [10]
Modified ATS guidelines CTD

N = 46
Myositis
N = 12

Vasculitis
N = 10

RA
N = 6

Total
N = 74

Lymphocytic cellular pattern 39.1% (N = 18) 58.4% (N = 7) 30.0% (N = 3) 50.0% (N = 3) 41.9% (N = 31)
Neutrophilic cellular pattern 26.1% (N = 12) 33.3% (N = 4) 0% (N = 0) 16.7% (N = 1) 23.0% (N = 17)
Eosinophilic cellular pattern 19.6% (N = 9) 8.3% (N = 1) 40.0% (N = 4) 0% (N = 0) 18.9% (N = 14)
Unspecific cellular pattern 15.2% (N = 7) 0% (N = 0) 30.0% (N = 3) 33.3% (N = 2) 16.2% (N = 12)
ATS = American Thoracic Society; CTD: Connective tissue disease; RA = Rheumatoid arthritis

Table 5 BAL cell pattern depending on HRCT pattern
GGO
N = 25

NSIP
N = 35

UIP
N = 14

Reference values 
according to ATS 
clinical practice 
guideline [10]

Cell count (total) mean ± SD 2.7 × 105 ± 2.2 × 105 2.6 × 105 ± 1.5 × 105 2.4 × 105 ± 1.3 × 105 -
Alveolar macrophages mean ± SD 73.2 ± 20.4% 61.6 ± 20.9% 68.4 ± 13.1% > 85%
Lymphocytes (CD4+/CD8+) mean ± SD 19.7 ± 17.3% 24.0 ± 17.7% 20.0 ± 9.6% 10–15%
Neutrophils mean ± SD 3.3 ± 3.0% 7.8 ± 9.1% 6.9 ± 6.3% < 3%
Eosinophils mean ± SD 3.0 ± 9.5% 4.1 ± 4.5% 3.5 ± 5.2% < 5%
ATS = American Thoracic Society; BAL = Bronchoalveolar lavage; GGO = Ground-glass opacity; HRCT = High-resolution computed tomography; NISP = Non-specific 
interstitial pneumonia; UIP = Usual interstitial pneumonia

Table 6 BAL cell patterns according to the American thoracic 
society (ATS) guideline [10] versus HRCT patterns
Modified ATS guidelines HRCT pattern

GGO
N = 25

NSIP
N = 35

UIP
N = 14

Total
N = 74

Lymphocytic cellular 
pattern

48.0% 
(N = 12)

34.3% 
(N = 12)

50.0% 
(N = 7)

41.9% 
(N = 31)

Neutrophilic cellular pattern 8.0% (N = 2) 34.3% 
(N = 12)

21.4% 
(N = 3)

23.0% 
(N = 17)

Eosinophilic cellular pattern 16.0% (N = 4) 20.0% 
(N = 7)

21.4% 
(N = 3)

18.9% 
(N = 14)

Unspecific cellular pattern 28.0% (N = 7) 11.4% 
(N = 4)

7.2% 
(N = 1)

16.2% 
(N = 12)

ATS = American Thoracic Society; BAL = Bronchoalveolar lavage; HRCT = High-
resolution computed tomography
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reference value: 10–15%) and neutrophils (NSIP 7.8% ver-
sus UIP 6.9%, ATS reference value: <3%) were increases 
by a normal range of eosinophiles (Table 5).

Further, the lymphocytic pattern (48.0%) was the most 
common BAL pattern seen in the patients with GGO. 
Neutrophilic and lymphocytic cellular patterns (34.3%) 
were the frequent BAL pattern in NSIP (Table  6). The 
ratio of HRCT pattern ‘NSIP/UIP’ to ‘GGO’ was sig-
nificantly higher (p = 0.040) in the BAL pattern group 
neutrophiles than in the BAL pattern group lympho-
cytes/eosinophils/unspecific (see Fig.  1). The ratio of 
HRCT pattern ‘NSIP/UIP’ to ‘GGO’ showed no signifi-
cant (p = 0.467) differences between BAL pattern group 
lymphocytes versus BAL pattern group neutrophiles /
eosinophils/unspecific.

Discussion
IRD-ILD has increasingly become the focus of clinical 
and scientific considerations in recent years, also in the 
light of new available therapeutic options.

To the best of our knowledge, the present study is the 
first to evaluate HRCT and immunological BAL patterns 

in a population of newly diagnosed, immunosuppressive-
naïve patients with IRD- ILD.

HRCT is currently the gold standard for the detection 
of IRD-ILD [4–6]. Typical HRCT patterns in IRD-ILD 
include GGO, NSIP, and UIP. In the literature, GGO has 
been described as being associated with alveolitis [11], 
whereas NSIP and UIP patterns are the main HRCT fea-
tures in pulmonary fibrosis [12, 13].

In the first step of our investigation, the HRCT patterns 
were assigned to the different IRDs. The data showed that 
the HRCT patterns of GGO, NSIP, and UIP are not spe-
cific for a disease entity of IRD-ILD.

In a second step, we evaluated the IRD-ILD and HRCT 
patterns taking into account the results of the immuno-
logical BAL classified according to the ATS criteria. The 
lymphocytic cellular BAL pattern was most commonly 
associated with GGO, and the neutrophilic and lympho-
cytic cellular BAL findings with NSIP and UIP patterns, 
respectively.

For the total study cohort, the main HRCT patterns 
were NSIP (47.3%), GGO (33.8%), and UIP (18.9%), 
whereas no HRCT pattern was specific for any IRD 

Fig. 1 Dominant BAL patterns as recommended by the ATS in correlation to HRCT patterns “Created with BioRender.com” (ATS = American Thoracic 
Society; BAL = Bronchoalveolar lavage; HRCT = High-resolution computed tomography)
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subtype at the time of the diagnosis. Oliveira et al. 
reported 60% NSIP and 36% UIP as dominant HRCT 
pattern [14] with a mean duration of IRD of nine years 
reflecting a prolonged course of ILD  [15]. In our study, 
only patients with the initial diagnosis of IRD were 
included, who were diagnosed with lung involvement 
by comprehensive screening according to the algorithm 
developed by Hoffmann et al. [2]. Therefore, at the time 
of the initial diagnosis of IRD with ILD, a different distri-
bution of HRCT patterns with GGO predominating was 
found. This observation is supported by data from Shah 
et al., who also demonstrated GGO as the most common 
HRCT pattern (66%) at initial diagnosis of ILD in patients 
with SSc [16]. When HRCT is performed at a very early 
stage or at the initial diagnosis of IRD, GGO is the pre-
dominant primary HRCT pattern. As ILD progresses, 
fibrotic HRCT changes with the NSIP and UIP patterns 
come to the fore [17].

Given the described changes in HRCT patterns over 
time from GGO to fibrotic patterns such as NSIP and 
UIP, it is of great interest how the HRCT patterns can be 
classified in relation to immunological BAL. It is gener-
ally accepted, that this technique can be used for diag-
nosing lung diseases and various ILD such as sarcoidosis 
[5, 18–20]. Our study results demonstrated that this can-
not be transferred to IRD, as no BAL pattern was specific 
for IRD. Therefore, the immunological BAL is not an 
appropriate technique for diagnosing IRD.

However, we revealed in our study in patients at the 
onset of IRD and signs of ILD other clinically relevant 
findings such as a predominantly inflammatory cellular 
pattern with increased lymphocytes and neutrophils in 
the BAL differential cell profile in patients with GGO on 
HRCT. Orlandi et al. described the association of a lym-
phocytic cellular pattern with inflammatory alveolitis 
[20]. It is possible that this disease represents the starting 
point of IRD-ILD which, if left untreated, progresses lon-
gitudinally to fibrosis [21] and can subsequently be classi-
fied as NSIP and UIP patterns on HRCT.

Furthermore, in the NSIP pattern, interstitial inflam-
mation can be detected histologically in addition to 
fibrosis [22]. This explains our finding of a combined neu-
trophilic and lymphocytic cellular pattern (both 34.3%) 
in the immunological BAL. This is corroborated by the 
data of an older study by Silver et al. in patients with SSc 
showing that the presence of neutrophils was associated 
with more advanced radiographic features of interstitial 
fibrosis in patients with disease of more than one year’s 
duration [21].

The results of our study have relevant therapeutic 
implications. In patients with initially diagnosed IRD 
and ILD, inflammatory changes in the lung dominate, 
represented by GGO on HRCT and the lymphocytic cel-
lular pattern on immunological BAL. The treatment of 

choice should therefore be anti-inflammatory drugs, as 
ILD-patients with a BAL lymphocytosis showed a good 
response to anti-inflammatory treatment with gluco-
corticoids or in combination with immunosuppressive 
drugs (e.g., azathioprine, cyclosporine A, tacrolimus or 
cyclophosphamide) [23]. In the case of NSIP or UIP on 
HRCT, a lymphocytic and neutrophilic cell pattern can 
be detected in the immunological BAL. This suggests a 
fibrotic component in addition to the inflammation. As 
a result, a combined anti-inflammatory and anti-fibrotic 
therapy should be initiated in these patients [24–27].

A limitation of our investigation is the descriptive 
nature of the data. However, our study includes one of the 
largest cohorts of patients with ILD at the time of initial 
diagnosis of IRD who were not receiving immunosup-
pressive therapy. Therefore, our findings provide insights 
into the cellular immunological processes in IRD-ILD, 
which may have direct implications for the treatment 
of pulmonary involvement in patients with IRD. In this 
context, smokers and patients with an infection were also 
excluded, so that there is no effect of these two potential 
confounders on the data. Consequently, a large propor-
tion of patients was excluded. Further, the descriptive 
study design can potentially influence the selection of the 
patients.

Conclusion
In summary, our study revealed that there is no correla-
tion between HRCT or cellular patterns in the immu-
nological BAL to IRD-ILD. Therefore, an IRD with 
pulmonary involvement cannot be diagnosed solely on 
the basis of HRCT or the cellular pattern in the immu-
nological BAL. Rather, we were able to demonstrate an 
association between GGO on HRCT with a lympho-
cytic cell pattern in the immunological BAL as a sign of 
an immunological inflammation of the alveoli, whereas 
NSIP and UIP were associated with a neutrophilic and 
lymphocytic cell pattern indicating an inflammation or 
fibrosis of the lung tissue.

Abbreviations
ATS  American Thoracic Society
BAL  Bronchoalveolar lavage
GGO  Ground-glass opacities
HRCT  High-resolution computed tomography
ILD  Interstitial lung disease
IRD  Inflammatory rheumatic diseases
NSIP  Non-specific interstitial pneumonia
RA  Rheumatoid arthritis
SLE  Systemic lupus erythematosus
SSc   Systemic sclerosis
UIP  Usual interstitial pneumonia

Acknowledgements
We thank Dr. Katrina Recker, Hamburg/Germany, for editing the manuscript.

Author contributions
AP and TH designed the study, analysed the data, performed the statistical 
analysis, wrote and revised the manuscript. TH, MF and MF performed the 



Page 7 of 8Hoffmann et al. Arthritis Research & Therapy          (2024) 26:142 

data collection and participated on the statistical analysis. TW perfomed 
the statistical analysis. GW, PCS, UT, PO, DR and JB edited and drafted the 
manuscript. CK collected the BAL-data. AP and TH revised the manuscript. All 
authors reviewed the manuscript.

Funding
Open Access funding enabled and organized by Projekt DEAL. This study is 
part of the investigator-initiated study “Diagnostic procedures for detection of 
pulmonary manifestations at the onset of inflammatory rheumatic diseases 
(IRD)” which is supported by Boehringer Ingelheim Pharma GmbH & Co. KG, 
Binger Str. 173, 55216 Ingelheim, Germany.
Open Access funding enabled and organized by Projekt DEAL.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethical approval
All examinations were performed in accordance with the rules and regulations 
of the local Human Research and Ethics Committee of the Friedrich-Schiller-
University Jena (Germany). The study is registered under the following 
number: “2020-1845-Daten”. All chest x-rays and HRCT were obtained for 
clinical routine and not for study purposes.

Patient and public involvement
Patients and/or the public were not involved in the design, or conduct, or 
reporting, or dissemination plans of this research.

Patient consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Internal Medicine III, Jena University Hospital – Friedrich 
Schiller University Jena, Am Klinikum 1, 07747 Jena, Germany
2Institute of Diagnostic and Interventional Radiology, Jena University 
Hospital – Friedrich Schiller University Jena, Am Klinikum 1, 07747 Jena, 
Germany
3Department of Internal Medicine I, Jena University Hospital – Friedrich 
Schiller University Jena, Am Klinikum 1, 07747 Jena, Germany
4Institute of Diagnostic and Interventional Radiology, Department of 
Pediatric Radiology, Hannover Medical School, Carl-Neuberg-Str. 1,  
30625 Hannover, Germany
5BioControl Jena GmbH, Jena, Germany

Received: 12 March 2024 / Accepted: 5 July 2024

References
1. Hoffmann T, Oelzner P, Teichgräber U, Franz M, Gaßler N, Kroegel C, Wolf G, 

Pfeil A. Diagnosing lung involvement in inflammatory rheumatic diseases-
where do we currently stand? Front Med (Lausanne). 2022;9:1101448.

2. Hoffmann T, Oelzner P, Busch M, Franz M, Teichgräber U, Kroegel C, Schulze 
PC, Wolf G, Pfeil A. Organ manifestation and systematic organ screening at 
the Onset of Inflammatory Rheumatic diseases. Diagnostics (Basel) 2021, 
12(1).

3. De Zorzi E, Spagnolo P, Cocconcelli E, Balestro E, Iaccarino L, Gatto M, Ben-
venuti F, Bernardinello N, Doria A, Maher TM, et al. Thoracic involvement in 
systemic Autoimmune Rheumatic diseases: Pathogenesis and Management. 
Clin Rev Allergy Immunol. 2022;63(3):472–89.

4. Cottin V, Bonniaud P, Cadranel J, Crestani B, Jouneau S, Marchand-Adam S, 
Nunes H, Wémeau-Stervinou L, Bergot E, Blanchard E, et al. French practical 
guidelines for the diagnosis and management of idiopathic pulmonary 
fibrosis – 2021 update. Full-length version. Respir Med Res. 2022;83:100948.

5. Kreuter M, Behr J, Bonella F, Costabel U, Gerber A, Hamer OW, Heussel CP, 
Jonigk D, Krause A, Koschel D et al. [Consensus guideline on the interdisci-
plinary diagnosis of interstitial lung diseases]. Pneumologie 2023.

6. Raghu G, Remy-Jardin M, Richeldi L, Thomson CC, Inoue Y, Johkoh T, Kreuter 
M, Lynch DA, Maher TM, Martinez FJ, et al. Idiopathic pulmonary fibrosis 
(an update) and progressive pulmonary fibrosis in adults: an Official ATS/
ERS/JRS/ALAT Clinical Practice Guideline. Am J Respir Crit Care Med. 
2022;205(9):e18–47.

7. Lynch DA, Sverzellati N, Travis WD, Brown KK, Colby TV, Galvin JR, Goldin 
JG, Hansell DM, Inoue Y, Johkoh T, et al. Diagnostic criteria for idiopathic 
pulmonary fibrosis: a Fleischner Society White Paper. Lancet Respir Med. 
2018;6(2):138–53.

8. Costabel U, Guzman J, Bonella F, Oshimo S. Bronchoalveolar lavage in other 
interstitial lung diseases. Semin Respir Crit Care Med. 2007;28(5):514–24.

9. Costabel U, Bonella F, Ohshimo S, Guzman J. Diagnostic modalities in sarcoid-
osis: BAL, EBUS, and PET. Semin Respir Crit Care Med. 2010;31(4):404–8.

10. Meyer KC, Raghu G, Baughman RP, Brown KK, Costabel U, du Bois RM, 
Drent M, Haslam PL, Kim DS, Nagai S, et al. An official American Thoracic 
Society clinical practice guideline: the clinical utility of bronchoalveolar 
lavage cellular analysis in interstitial lung disease. Am J Respir Crit Care Med. 
2012;185(9):1004–14.

11. Remy-Jardin M, Giraud F, Remy J, Copin MC, Gosselin B, Duhamel A. Impor-
tance o fground-glass attenuation in chronic diffuse infiltrative lung disease: 
pathologic-Ct correlation. Radiology. 1993;189:693–8.

12. Flaherty KR, Thwaite EL, Kazerooni EA, Gross BH, Toews GB, Colby TV, Travis 
WD, Mumford JA, Murray S, Flint A, Lynch JP 3rd, Martinez FJ. Radiological 
versus histological diagnosis in UIP and NSIP: survival implications. Thorax. 
2003;58(2):143–8.

13. Omote N, Taniguchi H, Kondoh Y, Watanabe N, Sakamoto K, Kimura T, Kataoka 
K, Johkoh T, Fujimoto K, Fukuoka J, Otani K, Nishiyama O, Hasegawa Y. 
Lung-Dominant Connective tissue disease: clinical, radiologic, and histologic 
features. Chest. 2015;148(6):1438–46.

14. Oliveira RP, Ribeiro R, Melo L, Grima B, Oliveira S, Alves JD. Connective tissue 
disease-associated interstitial lung disease. Pulmonology. 2022;28(2):113–8.

15. Hoffmann T, Oelzner P, Franz M, Teichgräber U, Renz D, Förster M, Böttcher 
J, Kroegel C, Schulze PC, Wolf G, et al. Assessing the diagnostic value of a 
potential screening tool for detecting early interstitial lung disease at the 
onset of inflammatory rheumatic diseases. Arthritis Res Ther. 2022;24(1):107.

16. Shah RM, Jimenez S, Wechsler R. Significance of ground-glass opacity on 
HRCT in long-term follow-up of patients with systemic sclerosis. J Thorac 
Imaging. 2007;22(2):120–4.

17. Belloli EA, Beckford R, Hadley R, Flaherty KR. Idiopathic non-specific interstitial 
pneumonia. Rev Respirol. 2016;21(2):259–68.

18. Korosec P, Rijavec M, Silar M, Kern I, Kosnik M, Osolnik K. Deficiency of pulmo-
nary Valpha24 Vbeta11 natural killer T cells in corticosteroid-naïve sarcoidosis 
patients. Respir Med. 2010;104(4):571–7.

19. Winterbauer RH, Lammert J, Selland M, Wu R, Corley D, Springmeyer SC. Bron-
choalveolar lavage cell populations in the diagnosis of sarcoidosis. Chest. 
1993;104(2):352–61.

20. Orlandi M, Meliante LA, Damiani A, Tofani L, Bruni C, Guiducci S, Matucci-Cer-
inic M, Bellando-Randone S, Tomassetti S. The role of Bronchoalveolar Lavage 
in systemic sclerosis interstitial lung disease: a systematic literature review. 
Pharmaceuticals (Basel) 2022, 15(12).

21. Silver RM, Metcalf JF, Stanley JH, LeRoy EC. Interstitial lung disease in 
scleroderma. Analysis by bronchoalveolar lavage. Arthritis Rheum. 
1984;27(11):1254–62.

22. Travis WD, Costabel U, Hansell DM, King TE Jr., Lynch DA, Nicholson AG, 
Ryerson CJ, Ryu JH, Selman M, Wells AU, et al. An official American Thoracic 
Society/European Respiratory Society statement: update of the international 
multidisciplinary classification of the idiopathic interstitial pneumonias. Am J 
Respir Crit Care Med. 2013;188(6):733–48.

23. Yamagata A, Arita M, Tachibana H, Tokioka F, Sugimoto C, Sumikawa H, 
Tanaka T, Yasui H, Fujisawa T, Nakamura Y, et al. Impact of bronchoalveo-
lar lavage lymphocytosis on the effects of anti-inflammatory therapy in 
idiopathic non-specific interstitial pneumonia, idiopathic pleuroparenchymal 
fibroelastosis, and unclassifiable idiopathic interstitial pneumonia. Respir Res. 
2021;22(1):115.

24. Cassone G, Sebastiani M, Vacchi C, Erre GL, Salvarani C, Manfredi A. Efficacy 
and safety of mycophenolate mofetil in the treatment of rheumatic disease-
related interstitial lung disease: a narrative review. Drugs Context 2021, 10.

25. Narita Y, Funatogawa T, Mii K, Adachi H, Tamura A, Yamakido S. Use of 
biologics for systemic sclerosis and systemic sclerosis-associated interstitial 



Page 8 of 8Hoffmann et al. Arthritis Research & Therapy          (2024) 26:142 

lung disease: information from a Japanese hospital claims database. Mod 
Rheumatol. 2023;33(3):525–32.

26. Richeldi L, du Bois RM, Raghu G, Azuma A, Brown KK, Costabel U, Cottin V, 
Flaherty KR, Hansell DM, Inoue Y, et al. Efficacy and safety of nintedanib in 
idiopathic pulmonary fibrosis. N Engl J Med. 2014;370(22):2071–82.

27. Hoffmann T, Gassler N, Teichgräber U, Sandhaus T, Oelzner P, Wolf G, Pfeil 
A. Clinical images: severe interstitial lung disease in Sjögren disease - what 
happens in the lungs? Inflammation or fibrosis? ACR Open Rheumatol. 
2023;5(2):61–2.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations.


	Correlation of high-resolution computed tomography and immunological bronchoalveolar lavage in interstitial lung disease at the onset of inflammatory rheumatic diseases: implications for diagnosis and therapeutic strategies
	Abstract
	Introduction
	Patients and methods
	Immunological bronchoalveolar lavage
	Statistical analysis

	Results
	HRCT
	Immunological BAL pattern
	Immunological BAL patterns in correlation with HRCT pattern

	Discussion
	Conclusion
	References


