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SERUM AMYLOID A IN LUNG TRANSPLANTATION
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ABSTRACT. Background: Serum Amyloid A (SAA) is an acute phase protein and we analyzed its concentrations
in lung transplantated patients (LTX). Mezhods: 26 LTX patients (58.6 + 11 years) and 11 healthy controls (55
+ 11.3 years). Three groups of LTX patients: acute rejection (AR, 7) bronchiolitis obliterans syndrome (BOS,
3), acute infection (INF, 9) and stable patients (NEG, 7). Resuits: In LTX patients SAA concentrations were
significantly increased, particularly in AR and INF. In LTX-AR patients were observed a correlation between
SAA levels and peripheral CD4+ lymphocyte percentage (r=0.9, p<0.01) and a reverse correlation with FVC
percentages (r -0.94, p=0.01). Conclusions: SAA may represent a potential biomarker of LTX acute complica-
tions, with a prognostic value in AR. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 2-7)

KEY worbps: serum amyloid A, serum biomarkers, lung transplantation

Abbreviations: serum amyloid A (SAA), lung transplan- damage due to the action of T lymphocytes, mac-
tation (LTX), acute rejection (AR), acute infection (INF), rophages and other inflammatory mediators. AR
stable patients (NEG) commonly occurs at least one week after LTX, time

necessary for the differentiation of the effector T
lymphocytes and for the production of specific an-
tibodies (3). T lymphocytes play a decisive role in
AR by responding to alloantigens, including MHC
molecules, expressed on endothelial and parenchy-
mal transplant cells. Once activated, T lymphocytes
induce direct lysis of transplanted cells and cytokine
production facilitating the recruitment and activa-
tion of inflammatory cells leading to tissue necrosis

INTRODUCTION

Lung transplantation (LTX) is an option for
end-stage lung disease patients no longer responsive
to optimal medical therapy or for which no effective
medical or surgical treatment is available (1,2). Com-

plications of LTX include Acute Rejection (AR), a

complex manifestation of vascular and parenchymal (3). The gold standard for AR diagnosis is transbron-

chial biopsy. There are various degrees of rejection:
Received: 12 August 19 in most advanced stages, there is also a widespread
Accepted after revision: 10 December 19 commitment to alveolar and interstitial space (3).
gomspondence: Lucia Vietri, . AR is clinically associated with nonspecific signs,

epartment of Medical and Surgical Sciences and o .

Neurosciences, Respiratory Disease and Lung Transplant Unit, consisting of cough, dySPHOCa, and fever, associated
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reperfusion injury and infections. Chronic lung graft
dysfunction (CLAD) constitutes the first cause of
death after the first year from the transplant and is
characterized by a histological pattern of obliterative
bronchiolitis (BOS) (4). BOS is a syndrome caused
by an irreversible obstruction of the distal airways
associated with progressive dyspnea and coughing;
HRCT can reveal hyperinsufflation and bronchiec-
tasis. The initial pathological process of BOS is char-
acterized by a lymphocyte infiltration of the submu-
cosa and the airway epithelium, a condition known
as lymphocytic bronchiolitis (3, 4).

Infections of the respiratory tract are associated
with infiltrates at chest X-ray scan and with reduc-
tion of pulmonary function. For this reason, it is
commonly difhicult to differentiate, in LT'X patients,
infections from rejection on the basis of clinical and
radiological evaluations (5, 8) and it is generally
necessary to perform bronchoscopy with BAL and
transbronchial biopsy. After the first month of trans-
plantation, in fact the reactivation of latent infections
from viruses (Herpes and Cytomegalovirus), or fungi
(such as Pneumocystis Jirovecii) is a common event
that is necessary to recognize and differentiate from
AR (8,9).

Serum amyloid A (SAA) is an acute phase pro-
tein with multiple immunological functions involved
in lipid metabolism and inflammatory reactions. Four
genes on chromosome 11 responsible for the synthe-
sis of SAA1, SAA2, SAA3 and SAA4 have been
identified in the human genome (10, 11). A-SAA
is a single polypeptide of 104 amino acid residues;
although its exact tertiary structure is unknown, the
critical role of the 10 amino-terminal residues is rec-
ognized in the formation of amyloid fibrils that bind
high density lipoprotein (HDL) (10). Proteins SAA1
and SAA2 act as acute phase reactants in plasma and
are also plasma precursors of amyloid A fibrils (12-
15). SAA has been studied in many biological fluids
from patients with different lung diseases, including
lung cancer and obstructive/restrictive lung diseases
(10,12). Most plasma A-SAA is synthesized by the
liver, although extrahepatic synthesis by macrophag-
es, endothelial cells, smooth muscle fibrocells, adi-
pocytes and cancer cells has been described (13, 15).
Its role as a potential prognostic biomarker has been
suggested in carcinogenesis process (16), granuloma-
tous interstitial lung diseases (17) and obstructive
lung disorders (18-20).

This pleiotropic protein with various immuno-
logical functions has never been evaluated in patients
undergoing LTX: this study aims to evaluate SAA
behavior in different conditions of LTX patients and
its prognostic value.

MATERIALS AND METHODS
Study population and design of the study

SAA levels were evaluated in a population of 26
patients undergoing LTX at Siena Regional Refer-
ral Center for Sarcoidosis and other Interstitial Lung
Diseases, Lung Transplantation Unit. The indica-
tion and timing of the LTX were set according to
international guidelines (25). These 26 patients (13
males, 58.6 + 11 years) included: 16-single and 10
bilateral transplants. As a control group, SAA were
measured in a population of 11 healthy controls (3
males, 55 * 11.3 years). LTX group was affected by:
Idiopathic Pulmonary Fibrosis (IPF) (n = 12), Cystic
Fibrosis (n = 5), Bronchiectasis (n = 1), Pulmonary
emphysema (n = 5). Patients undergoing LTX were
further subdivided, based on clinical, radiological
and histological data, in different groups: AR (7 pa-
tients, 3 males, 51.4 + 5.9 years); BOS (3 patients, 2
males, 64.6 = 5.7 years); infection (INF) (9 patients,
7 males, 60.1 + 7.5 years); Stable patients (NEG; 7
patients, 3 males, 48.4 + 16.1 years). Clinical, func-
tional and radiological data were collected from all
these patients in a specific database. In particular, the
following parameters were taken into consideration:

- Serum evaluations: blood count, ESR, CRP,
PT%, APTT sec, fibrinogen, D-dimer, LDH, cre-
atinine, urea, total bilirubin, direct bilirubin, GOT,
GPT, ferritin, transferrin, C3 - C4, IgA, IgG, IgM,
total cholesterol, cholesterol HDL, LDL cholesterol,
triglycerides, albumin (% and absolute value of the
predicted), alphal- alpha2-B1- p2- y globulins (%).

- Lymphocytic typing of peripheral venous blood:
Cell differential count was performed on cytocentri-
fuge preparations. Peripheral lymphocyte phenotype
was characterized using flow cytometry (FacsCan-
tolI; Becton&Dickinson) and monoclonal antibod-
ies (anti-CD3, CD4, CDS8, CD19, NK and CD4/
CDS8; Becton&Dickinson).

- Bronchoalveolar lavage (BAL): Bronchoscopy
with BAL was performed in all patients for diag-
nostic reasons. Bronchoalveolar lavage cell popula-
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tion were reported as percentages of macrophages,
lymphocytes, neutrophils and eosinophils. Lympho-
cyte phenotype was analyzed by flow cytometry
(FacsCantoll; Becton Dickinson) using anti -CD3,
-CD4, -CD8 monoclonal antibodies.

- Pulmonary function tests (PFR): The following
lung function measurements were recorded, using
a Jaeger Body Plethysmograph with corrections for
temperature and barometric pressure: forced expira-
tory volume in the first second (FEV1), forced vi-
tal capacity (FVC), FEV1/FVC, total lung capacity
(TLC), residual volume (RV), carbon monoxide lung
transfer factor (TLCO) and capacity carbon mon-
oxide lung transfer factor/alveolar volume (TLCO/
VA). TLCO measurement could not be collected in
10 patients unable to perform properly single-breath
maneuver. PFTs were performed after at least 2
hours from exhaled NO measurements.

SAA assay

Serum sampling was performed in all patients
after 10 hours of fasting. The assay of the SAA was
carried out according to the enzyme immuno-enzy-
matic method (Enzyme Linked-Immuno-Sorbent
Assay) kit Invitrogen (Invitrogen Corporation). The
wells of the microplates were coated with a highly
purified and specific human monoclonal antibody
SAA. During the first incubation, the standards with
known SAA contents, controls and samples were pi-
petted into the coated wells, followed by the addi-
tion of a second biotinylated monoclonal antibody.
After washing, the enzyme Streptavidin-peroxidase
was added; the latter by binding to the biotinylated
antibody, has completed the characteristic sandwich
of the ELISA method. After a second incubation
and a second washing (necessary to remove the un-
bound enzyme) a solution was added, in order to be
accepted by the bound enzyme to produce color. The
intensity of the resulting coloring was considered di-
rectly proportional to the concentration of Human

SAA present in the samples analyzed.
Statistics

Statistical analysis was conducted with Graph-
Pad Prism v 6.0 software for Windows, using non-
parametric tests; the differences between groups of
two variables were studied with the Mann-Whitney

test, while the variance analysis was conducted with
the Kruskal-Wallis test. As regards the correlations
between the clinical-functional parameters and the
values of the SAA, the Spearman correlation index
“r” was used. Kaplan Meier curves with log-rank test
for curve comparison were conducted for survival
analysis. Differences with p <0.05 were considered
significant. All data were expressed as mean * stand-

ard deviation, unless otherwise indicated.
REsuLTs

The clinical characteristics of the population
were reported in Table 1 revealing that the different
populations, included in the study, were sex and age
matched. Serum levels of SAA in LTX subgroups
were listed in Table 2 and they resulted significantly
increased in LTX patients compared to healthy con-
trols (p <0.001) (Fig. 1). LTX patients with AR or
INF showed significantly higher SAA levels than
healthy controls (p = 0.01) and stable LTX patients
(NEG) (p <0.05).

In LTX patients statistically significant correla-
tions were found between SAA levels and the fol-
lowing parameters: C reactive protein (CRP) (r 0.46,
p = 0.02); ferritin (r 0.58, p = 0.008); a1-globulins
(alphal%) (r 0.56, p = 0.02); C3 (r 0.56, p = 0.04)
and LDL cholesterol (r 0.42, p = 0.06) (Figs. 2 and
3). In AR group, statistically significant correlations
were found between SAA serum levels and peripher-
al CD4+ T-lymphocyte percentages (r 0.9, p = 0.01)
and FVC percentages (r -0.94, p = 0.01) (Figs. 4 and
5). Regarding survival analysis, we choose the 75°
percentile of SAA levels (8267 ng/ml) as the cut-off
value to stratify the population. In our population,
patients with SAA concentrations above 75° percen-
tile showed a worse prognosis than those with lower
levels, even not significantly (log rank test, p=0.0694;
HR 3.68,95% CI 0.9 to 15.06) (Fig. 6).

Discussion

SAA is a pleiotrophic protein involved in the
regulation of inflammatory processes as well as in lipid
metabolism (21, 22). Its concentrations is increased
in serum of patients with chronic inflammatory lung
diseases, sarcoidosis for example. Its role as a potential
biomarker of different lung diseases has been estab-

lished, although no data is available on LTX patients
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Table 1. Patient demographics, respiratory function tests (PFR) and bronchoalveolar lavage (BAL) cellular composition in patients of the
present study with Idiopathic Pulmonary Fibrosis (IPF) and undergoing Pulmonary Transplantation (LTX AR = transplanted with acute
rejection, LI’X CLAD = transplanted with chronic rejection, LI’X INF = transplanted with acute infection, LTX NEG = stable transplanted,

CONTROLS=healthy controls); (* n.d = data not available)

Data LTXAR LTX CLAD LTXINF LTXNEG Controls
N’ pt 7 3 9 7 11
Age (years) 51,4+59 64,6 + 5,7 60,175 48,4 + 16,1 55+11.3
Sex (male) 3 (42,8%) 2 (66,6%) 7 (77,7%) 3 (42,8%) 3 (27.2%)
PFR
FEV1 % pred 66,6 =+ 11,2 n.d* 61,7 £ 19,9 52,6 £21,6 n.d
FVC % pred 72,0 £ 7,6 n.d 71,8 £ 8,7 63,4 + 13,2 n.d
ITGV % pred 109,8 + 24,1 nd 1251+ 71,7 139,7 + 43,4 nd
TLC % pred 92,2 +13,0 n.d 93,8 + 42,4 106,1 + 27,0 n.d
RV % pred 138,6 + 36,5 nd 1473 + 98,5 196,0 + 89,4 nd
DLCO % pred 45,8 +11,3 n.d 62,7+ 9,2 57,9 + 14,8 n.d
KCO % pred 71,3 £ 10,0 n.d 94,2 = 14,7 80,0 + 25,0 n.d
BAL
Cell tot (106) 6,5+3,38 nd 6,4+ 49 9547 nd
Cell 103/ml 178 + 50,3 n.d 165,2 + 56,5 337 £1824 n.d
Macrophages % 61,1 +31,8 n.d 56,3 + 30,8 54,6 + 36,0 n.d
Lymphocytes % 15,6+ 11,2 nd 24,5299 223+ 128 n.d
Neutrophils % 16,5+ 17,4 n.d 18,6 + 15,3 23 £28,3 n.d
Eosinophils % 10+17,3 n.d 5,6+9,0 0 n.d
RCD4/CD8 0,6+0,5 nd 0,4+0,3 0,3 +0,1 n.d
Table 2. Serum levels of SAA in LTX patients (* = groups of pa-
tients in the study where the high levels of SAA are statistically SAA l.lgll'l'“
significant)
LTX AR* 115.60 £ 38.04 pug/ml -
LTX CLAD 109.37 + 56.04 pg/ml 1504
LTX INF* 127.89 + 38.88 pg/ml
LTX NEG 76.84 +39.06 pg/ml 1001
CONTROLS 43.02 +25.18 pg/ml 504
(26-28). In our study SAA concentrations were evalu- 0- i -
ated in LTX to contribute to the definition of novel (<) &
) . o v N \,9 2R 3
biomarkers of clinical utility in this field. Serum lev- < Pl < ‘d"\ <
els of SAA, as expected, correlated with other acute 0‘\ b \"d" v v
phase proteins such as CRP, C3, alphal-globulin and C

ferritin concentrations, bio-indicators already demon-
strated to interfere with inflammatory and infective
mechanisms occurring in LTX patients.

Although the small sample size and monocen-
tric design of the study could influence the poten-

Fig. 1. Statistically significant differences found between serum
levels of SAA in controls and in LTX patients with acute rejec-
tion (LTX AR) (p = 0.01), in patients with acute infection (LTX
INF) (p = 0.01). No significant differences were found between the
levels of SAA in LTX patients with CLAD and stable transplant
patients (NEG) compared to healthy controls
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Fig. 2. Positive statistical correlation between SAA and Ferritin
values in LTX patients (r 0.58, p = 0.008).
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Fig. 3. Positive correlation between SAA and LDL cholesterol
(with LDL) in LTX patients (r 0.42, p = 0.06).
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Fig. 4. Negative statistical correlation between SAA and FVC (%
of predicted) values in LTX patients with acute rejection (r -0.94,
p=0.01).
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Fig. 5. Graphical representation of the statistical correlation be-
tween SAA and CD4 + T lymphocytes of peripheral venous blood
(lymphoid T CD4%) in lung transplanted patients with acute re-
jection (r 0.9, p = 0.01).
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Fig. 6. Kaplan-Meier curves for the comparison of survival time
in a population of LTX patients, stratified according the 75° per-
centile of SAA levels.

tial interpretation of the results about the role of
SAA in predicting post-transplant complications,
our results showed SAA concentrations higher in
AR and INF subgroups than in stable LTX patients
and controls. This bioindicator was overexpressed in
patients with acute complications as a consequence
of proinflammatory events, occurring in particular
during AR (23). AR patients presented the highest
SAA values, that were also correlated with peripheral
CD4+ lymphocyte percentages. This data supported
the crucial role of CD4+ T cells in AR pathogenesis
through a potential SAA signaling that may activate
macrophages and overproduction of different acute
phase proteins (24). It can be hypothesized that in-
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creased SAA levels induce proinflammatory CD4+
cells functions promoting AR. Despite small sample
size of our study, outcome analysis was performed
and showed a trend between elevated SAA levels and
mortality. This data, event if not significant, is inter-
esting and may be driven by the increase of SAA in
AR or ongoing infections in LTX, that are both asso-
ciated with a worse outcome (7). To clarify this point,
our data needs to be validated in a larger cohort of
patients with a prospective multicenter study focused
on a single type of lung transplant complication such
as acute rejection.

Moreover, an inverse correlation was observed
between SAA levels and FVC percentages in AR pa-
tients, suggesting a prognostic role of SAA in acute
complications of LT'X, rather than a diagnostic bio-
marker.

In conclusion, SAA resulted an intriguing mol-
ecule with a potential prognostic value in patients
with AR or infections after lung transplantation.

L.V. and E.B. conceived of the presented idea, D.B. and A.F. de-
veloped the theory, P.C., M.d. and L.B. performed the computa-
tions, PP and L.L discussed the result and contributed to the final
manuscript, F.G. and M.M. performed the radiological evalua-
tions and designed the study, D.S. and P.S. planned the study and
the analysis, PR. encouraged the authors contributed to the final
version.
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SERUM SOLUBLE INTERLEUKIN-2 RECEPTOR LEVEL IS A PREDICTIVE
MARKER FOR EBUS-TBNA-BASED DIAGNOSIS OF SARCOIDOSIS
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ABsTRACT. Background: Endobronchial ultrasound-guided transbronchial needle aspiration (EBUS-TBNA)
is a widely available diagnostic tool for suspected stage I/II sarcoidosis. Combination of EBUS-TBNA and
transbronchial lung biopsy (TBLB) has been proposed as diagnostic procedure in clinical settings. Objectives:
The aim of this study was to assess the diagnostic yield of combined EBUS-TBNA and TBLB and identify the
markers correlated with a high diagnostic rate. Mezhods: We retrospectively analyzed the data of 37 patients with
suspected stage I/1I sarcoidosis with enlarged hilar or mediastinal lymph nodes on computed tomography (CT)
images. These patients had been scheduled to undergo EBUS-TBNA and TBLB. Serum levels of sarcoidosis
markers (angiotensin-converting enzyme [ACE], soluble interleukin-2 receptor [sIL-2R], and lysozyme), CT
findings, and examination techniques were evaluated as predictive markers for diagnosis. Results: Of the 37
patients, 32 had undergone both EBUS-TBNA and TBLB, while the remaining 5 patients had only undergone
EBUS-TBNA. The diagnosis was confirmed by TBLB in 16 of the 32 patients (50.0%), EBUS-TBNA in 31 of
the 37 patients (83.8%), and combined TBLB and EBUS-TBNA in all patients (100.0%). The serum level of
sIL-2R, but not that of ACE or lysozyme, was correlated with successful diagnosis by EBUS-TBNA. Conclusion.
In patients with stage I/1I sarcoidosis, the serum level of sIL-2R is a promising and useful marker for predicting
the diagnosis by EBUS-TBNA and reducing the burden of additional TBLB and its possible complications.
(Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 8-16)

Key worps: Sarcoidosis, EBUS-TBNA, TBLB, Soluble interleukin-2 receptor

INTRODUCTION

Sarcoidosis is characterized by bilateral hilar
and mediastinal lymphadenopathy concomitant with
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lesions in multiple organs, including the lungs, heart,
eyes, and skin. Although its pathophysiology has yet
to be fully understood, previous reports have indi-
cated the possibility of abnormalities in immuno-
logical regulation (1-3). In many cases, patients with
sarcoidosis present with a stable condition with no
symptoms. However, some patients often develop
progressively worsening pulmonary conditions that
could lead to interstitial lung disease with respiratory
failure. There is also a possibility that, in addition to
pulmonary disorders, other cardiac or neurological
lesions might be fatal. Thus, early diagnosis and opti-
mal treatment is essential in such cases.
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Detection of non-caseous granuloma is critical
for diagnosis of sarcoidosis. Endoscopic approaches
are used for collecting histological samples from the
lungs or hilar and mediastinal lymph nodes (4-6).
Transbronchial lung biopsy (TBLB) has conven-
tionally been employed as a diagnostic method for
sarcoidosis. However, it yields a diagnosis rate of
about 50% and is, therefore, not adequate as a de-
finitive diagnostic examination (7-10). In addition,
TBLB entails the possibility of complications, in-
cluding bleeding and pneumothorax. Therefore, fur-
ther methodological improvement of this approach
is an urgent necessity. Recently, a clinical and uni-
versally available method that uses endobronchial
ultrasound-guided transbronchial needle aspiration
(EBUS-TBNA) for diagnosis of sarcoidosis has
been developed. This examination has improved the
diagnostic rate of sarcoidosis to 80-90% (11-14).
Although EBUS-TBNA entails the risk of medi-
astinitis as a rare complication, it is usually safe for
most patients who are qualified for bronchoscopic
examination. These characteristics support its high
practicality, although there is room for improvement
in some points, including the limited size of tissues
and longer examination time (8, 15-17). It has been
proposed that EBUS-TBNA and TBLB can be per-
formed during the same examination in order to in-
crease the diagnostic rate. However, this combined
approach might require a longer examination time
and involve a higher incidence of concomitant com-
plications. Therefore, there is a controversy about
whether both methods should be simultaneously ap-
plied for patients with suspected sarcoidosis (7, 18-
20).

In clinical settings, several biomarkers are used
for diagnosing sarcoidosis, including angiotensin-
converting enzyme (ACE), soluble interleukin-2 re-
ceptor (sIL-2R), and lysozyme (21-24). High serum
levels of these markers indicate a definite diagnosis
of sarcoidosis. Although ACE is the most commonly
used biomarker for diagnosing sarcoidosis, it is not
well correlated with active sarcoidosis or the pro-
gressive stage of the disease. In fact, lysozyme and
sIL-2R are more sensitive markers than ACE (22).
Furthermore, sIL-2R is related to the presence of
pulmonary manifestations or extrapulmonary organ
lesions, which suggests its importance for predicting
progressive and complicated disease states. However,
a specific marker that is correlated to a high diagnos-

tic rate with combined TBLB and EBUS-TBNA has
yet to be identified.

In this study, we analyzed the detection rates
of non-caseous granulomas and their relationship
with clinical characteristics in patients with sus-
pected stage I/II sarcoidosis scheduled to undergo
simultaneous EBUS-TBNA and TBLB. In addition,
we investigated which serum marker of sarcoidosis
can help improve the diagnostic rate of TBLB and
EBUS-TBNA. We also analyzed the relationship of
the selected biomarker to disease status on the basis
of patient characteristics.

METHODS
Subyects

Using a digital data system in our hospital to
retrieve patient records for the period of January
2012 to December 2017, we retrospectively identi-
fied 37 patients with suspected stage I/II sarcoidosis
with enlarged (>10 mm) hilar or mediastinal lymph
nodes on computed tomography (CT) images. These
patients had been scheduled to undergo combined
EBUS-TBNA and TBLB for diagnosis of sarcoido-
sis. Patients with suspected malignancies or prior es-
tablished diagnosis of sarcoidosis were excluded on
the basis of imaging and serological data. For safety
concerns, the patients were managed on an inpatient
basis after bronchoscopy. Written informed consent
for the examination was obtained from all patients
included in this study. For further evaluation, the
electronic records of these patients were retrospec-
tively obtained.

Examination procedures

All patients were scheduled to be examined by
three diagnostic modalities — EBUS-TBNA, TBLB,
and analysis of bronchoalveolar lavage fluid [BALF]
— during the same examination. All bronchoscopic
procedures were performed under local and systemic
anesthesia to keep the patients conscious. Briefly, an-
esthesia was achieved by nebulization, topical applica-
tion of lidocaine spray, and intravenous administration
of midazolam and pethidine. During the procedure,
the patients were monitored for electrocardiogram,
pulse oximetry, and blood pressure readings.
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First, EBUS-TBNA was performed by using a
convex-probe endobronchial ultrasound broncho-
scope (BF-UC260F-OLS8; Olympus, Tokyo, Ja-
pan). Images were acquired by directly contacting
the probe or by attaching an inflated saline-filled
balloon to its tip, which kept the probe in contact
during sampling. A dedicated 22-gauge needle (NA-
201SX-4022; Olympus) was used for TBNA. The
status of lymph nodes was determined in accordance
with the International Staging System (25). The re-
trieved histological specimens were fixed in formalin
and subsequently examined for the presence of non-
caseating granuloma in the pathology department.

After EBUS-TBNA, BALF was collected by
using a standardized method (50 mL x 3 times; total
volume: 150 mL). Then, biopsy specimens were ran-
domly collected from the upper to lower lobes (in or-
der) by TBLB. If CT findings showed any evidence
of pulmonary parenchymal involvement, biopsy
specimens were collected mainly from the targeted
lesion.

Processing of BALF cells

BALF cells were processed for analysis in ac-
cordance with standard guidelines as previously de-
scribed (26). BAL data were available for 36 of the
37 patients included in this study.

Analysis of serum parameters

The serum levels of sIL-2R, ACE, and lysozyme
were routinely analyzed during the initial hospital
visit, by using commercially available assay kits. For
each assay, the normal range was defined on the ba-
sis of the manufacturer’s recommendations. Normal
values of these markers are: 145-519 U/mL for sIL-
2R, 8.3-21.4 U/L for ACE, and 5.0-10.2 pg/mL for
lysozyme. We only considered the data from patients
with suspected sarcoidosis who did not receive any
immunosuppressive therapy. The data on sIL-2R,
ACE, and lysozyme levels were available for 31, 37,
and 29 patients, respectively.

Statistical analysis
Diagnostic accuracy was calculated by using

standard definitions. Data were compared by the
Mann-Whitney U test. For categorical data, inter-

group differences were evaluated by the chi-square
test. Correlations between different parameters were
determined using Spearman’s rank correlation coef-
ficient. P values < 0.05 were regarded as significant.

Ethics committee approval

This study was approved by the ethical commit-
tee of Sano Kosei General Hospital (No. 3029).

REesuLrts

Combination of EBUS-TBNA and TBLB for detecting

granulomas

Table 1 presents the demographic and clinical
data of the 37 patients included in this study. To in-
vestigate the usefulness of combined EBUS-TBNA
and TBLB, we compared the detection rates of non-
caseous granuloma among patients who underwent
EBUS-TBNA, TBLB, and both. While the detection
rates of EBUS-TBNA and TBLB were 83.8% and
50.0%, respectively, the combined examination yield-
ed a higher detection rate of 100.0%. Patients with
pathological findings indicating the presence of gran-
ulomas were diagnosed as having sarcoidosis. There
was an exception in one case, where liver biopsy was
needed to confirm the diagnosis in a patient who had
concomitant pneumoconiosis with suspected second-
ary granulomatous changes in the lungs. In addition,
5 patients underwent only EBUS-TBNA; they did
not undergo TBLB because of the long examination
time and/or a persistent cough, which made it dif-
ficult to ensure their safety during the examination.

Relationship between patient characteristics and

detection of granuloma by TBLB

To identify a specific marker related to the de-
tection of granulomas by TBLB, we compared pa-
tient information, serum levels of sarcoidosis mark-
ers, pulmonary or extrapulmonary sarcoidosis lesions,
and examination procedures between patients with
and without granulomas identified by TBLB (Table
2). There were no statistically significant differences
in demographic data between the two groups. The
number of patients with pulmonary lesions in the
granuloma-positive group was greater than that in
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Table 1. Characteristics of the whole study population

Characteristics

Demographic data
Men, % 45.9 (17/37)
Age, years 58.5+15.9

Pulmonary involvement, %
Extrapulmonary involvement, %
Eye involvement, %
Skin involvement, %
Stage of sarcoidosis (I/II), n
Laboratory data
ACE concentration, U/L
sIL-2R concentration, U/mL
Lysozyme concentration, pg/mL
Bronchoscopic findings
Implementation of EBUS-TBNA, %
Lymph-node count targeted in EBUS-TBNA
Detection of granuloma in EBUS-TBNA samples, %
Implementation of BAL, %
%lymphocytes in BALF, %
CD4/CD8 ratio of lymphocytes in BALF
Implementation of TBLB, %

Detection of granuloma in TBLB samples, %

59.5 (22/37)
27.0 (10/37)
18.9 (7/37)
2.7 (1/37)
15/22

213+79
1,155.8 + 834.3

12.7 + 8.8

100.0 (37/37)
1:19 2:18
83.8 (31/37)
97.3 (36/37)
321155
8.6+6.1
86.5 (32/37)
50.0 (16/32)

Abbreviations: ACE=angiotensin-converting enzyme, BAL=bronchial alveolar lavage, BALF=bronchial alveolar lavage fluid, EBUS-
TBNA=endobronchial ultrasound-guided transbronchial needle aspiration, sIL-2R=soluble interleukin-2 receptor, TBLB=transbronchial
lung biopsy. Values are the proportion of patients in the study group (mean * standard deviation).

the granuloma-negative group, although the differ-
ence was not statistically significant. The serum levels
of all three sarcoidosis markers (ACE, sIL-2R, and
lysozyme) were higher in the granuloma-positive
group than in the granuloma-negative group; how-
ever, these differences did not reach statistical signifi-
cance. The findings of BALF analysis (i.e., percent-
age of lymphocytes in the total cell population and
CD4:CDS ratio of lymphocytes) were not correlated
with the detection rate of granulomas by TBLB.
Thus, no marker was identified as being predictive of

successful diagnosis by TBLB.

Relationship between patient characteristics and

detection of granuloma by EBUS-TBNA

Next, to identify a specific marker for predicting
the detection of granulomas by EBUS-TBNA, we
compared patient information, serum levels of sar-
coidosis markers, pulmonary or extrapulmonary sar-
coidosis lesions, and examination procedures between
patients who did and did not have granulomas sam-
pled by EBUS-TBNA (Table 3). There were no sta-
tistically significant differences in demographic data
between the two groups. The number of punctures
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Table 2. Comparative analysis of patients with sarcoidosis with and without granulomas detected by TBLB

Granuloma P
Not detected Detected
Characteristics (n=16) (n=16)
Demographic data
Men, % 43.8 (7/16) 50.0 (8/16) 1.00*
Age, years 59.8 + 15.4 53.1+16.6 25
Pulmonary involvement, % 50.0 (8/16) 68.8 (11/16) .28*
Extrapulmonary involvement, % 31.3 (5/16) 31.3 (5/16) 1.00*
Eye involvement, % 25.0 (4/16) 18.8 (3/16) 67*
Skin involvement, % 0.0 (0/16) 6.3 (1/16) 31
Stage of sarcoidosis (I/1), n 8/8 5/11 .28*
Laboratory data
ACE concentration, U/L 19.0 £ 6.6 22683 187
sIL-2R concentration, U/mL 1,018.3 + 501.8 1,354.0 + 1,120.8 33t
Lysozyme concentration, pg/mL 11.357.0 15.5+10.7 25"
Bronchoscopic findings
Implementation of BAL, % 100.0 (16/16) 100.0 (16/16)
%lymphocytes in BALF, % 27.5+15.5 36.2+16.1 130
CD4/CD8 ratio of lymphocytes in BALF 9.1+74 7.7+5.1 56"

Abbreviations: ACE=angiotensin-converting enzyme, BAL=bronchial alveolar lavage, BALF=bronchial alveolar lavage fluid, sIL-

2R=soluble interleukin-2 receptor, TBLB=transbronchial lung biopsy

Values are the proportion of patients in each study group (mean * standard deviation)

*chi-square test
*Mann-Whitney test

(1 or 2) was not correlated with successful sampling
of granulomas. Among the evaluated serum markers
of sarcoidosis, sIL-2R (but not ACE or lysozyme)
showed higher concentrations in the granuloma-
positive group than in the granuloma-negative group
(Figure 1A), which suggested its greater sensitivity
for predicting successful diagnosis. Thus, this study
identified a useful predictive marker for the positive

detection of granuloma by EBUS-TBNA.

Characterization of patients with sarcoidosis with high
serum levels of soluble IL-2R

To characterize the predictive ability of serum

sIL-2R as a marker for choosing EBUS-TBNA as

the preferred diagnostic tool for sarcoidosis, we per-
formed receiver operating characteristic curve analy-
sis (Figure 1B). The cutofft index was set at 841 U/
mL (area under the curve: 0.7615; Youden index:
0.4538). With this cutoff point, 94.4% of patients
with high serum levels of sIL-2R were successfully
diagnosed with granulomas by EBUS-TBNA. In
contrast, the detection rate of granulomas by EBUS-
TBNA in the low-sIL-2R group was only 69.2%.
To investigate the role of sIL-2R in stage 1/II
sarcoidosis, we compared patient information be-
tween those with high and low levels of serum sIL-
2R by using the cutoff index (Table 4). Notably, the
serum concentrations of the other two markers, ACE
and lysozyme, were also higher in the high-sIL-2R
group than in the low-sIL-2R group. Furthermore,
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Table 3. Comparative analysis of patients with sarcoidosis with and without granulomas detected by EBUS-TBNA

Granuloma P
Characteristics Not detected Detected
(n=6) (n=31)
Demographic data
Men, % 66.7 (4/6) 41.9 (13/31) 27
Age, years 47.8+16.9 60.6 + 15.2 137
Pulmonary involvement, % 66.7 (4/6) 58.1(18/31) .69*
Extrapulmonary involvement, % 33.3 (2/6) 25.8 (8/31) .70*
Eye involvement, % 0.0 (0/6) 19.4 (6/31) 24*
Skin involvement, % 0.0 (0/6) 3.2 (1/31) .66*
Stage of sarcoidosis (I/II), n 2/4 13/18 69*
Laboratory data
ACE concentration, U/L 19.0 £ 8.7 21.8+78 .50"
sIL-2R concentration, U/mL 666.2 * 402.4 1,249.9 + 867.3 .035¢
Lysozyme concentration, pg/mL 11.5+5.4 12.9+93 68'
Bronchoscopic findings
Lymph-node count targeted in EBUS-TBNA 1:42:2 1:15 2:16 41*
Implementation of BAL, % 100.0 (6/6) 96.8 (30/31)
%lymphocytes in BALF, % 33.5+14.2 31.8 £16.0 .80*
CD4/CDS ratio of lymphocytes in BALF 6133 9.1+ 6.4 12!

Abbreviations: ACE=angiotensin-converting enzyme, BAL=bronchial alveolar lavage, BALF=bronchial alveolar lavage fluid, EBUS-
TBNA-=endobronchial ultrasound-guided transbronchial needle aspiration, sIL-2R=soluble interleukin-2 receptor
Values are the proportion of patients in each study group (mean * standard deviation)

*chi-square test
‘Mann-Whitney test

the serum levels of all three markers were mutually
and significantly correlated with each other (Sup-
plementary Figure 1), with the serum levels of sIL-
2R and lysozyme being most strongly correlated
with each other (r = 0.94; P < 0.001). The percent-
ages of patients with values above normal values of
these markers were 69.2% and 100.0% for sIL-2R,
7.7% and 66.7% for ACE, and 0% and 61.5% for
lysozyme in the low-sIL-2R group and the high-
sIL-2R group, respectively. The incidence of pulmo-
nary involvement or stage II sarcoidosis and ratio
of CD4:CDS8 cells were higher in the high-sIL-2R
group than in the low-sIL-2R group; however, these
differences did not reach statistical significance.

Discussion

The findings of this study revealed that simul-
taneous EBUS-TBNA and TBLB is safe, does not
involve serious complications, and helps improve the
diagnosis rate of sarcoidosis. In addition, our results
demonstrated that high serum sIL-2R concentra-
tion indicates a better diagnostic rate of sarcoido-
sis by EBUS-TBNA. The serum levels of ACE and
lysozyme — although not associated with successful
diagnosis by EBUS-TBNA — were correlated with
those of sIL-2R, suggesting a possible additional
benefit for sarcoidosis diagnosis.

sIL-2R is closely related to disease activity in
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Fig. 1. Relationship between serum sIL-2R level and detection
of granuloma by EBUS-TBNA. A) Comparison of serum sIL-2R
levels between the granuloma-positive and -negative groups on the
basis of EBUS-TBNA findings. B) Findings of receiver operating
characteristic curve analysis of the ability of serum sIL-2R level
to predict the detection of granulomas in patients with suspected
sarcoidosis by EBUS-TBNA. AUC=area under the curve, EBUS-
TBNA=endobronchial ultrasound-guided transbronchial needle
aspiration, NEG=negative, POS=positive, sIL-2R=soluble inter-
leukin-2 receptor

sarcoidosis (23, 27-33). Previous studies have shown
that a high serum concentration of sIL-2R indicates
more severe sarcoidosis. Extrapulmonary lesions are
also related to elevated levels of serum sIL-2R. These
results indicate that many cases of stage I/1I sarcoido-
sis with high serum levels of sIL-2R can progress to
stage III/IV. The relationship between lymph-node
lesions and serum sIL-2R levels remains unknown.
However, this marker is correlated with disease ac-
tivity in lymphoma, which indicates that it is closely
related with other lymphadenopathic diseases, in-
cluding sarcoidosis. Thus, in patients with stage I/1I
sarcoidosis, elevated sIL-2R levels suggest the pro-
gression of active formation of non-caseous granulo-
mas in lymph nodes.

In addition to sIL-2R, ACE and lysozyme are
also employed as serum markers of sarcoidosis. Pre-
vious studies have reported that high serum ACE
and lysozyme levels might indicate severe disease
state in sarcoidosis (23, 34-36). However, our results
showed that these markers are not significantly cor-
related with the detection rate of non-caseous granu-
loma in lymph nodes by EBUS-TBNA. In fact, our
results demonstrated a positive relationship between
sIL-2R and ACE/lysozyme levels, suggesting that
sIL-2R is a more sensitive serum marker than the
other two.

Although EBUS-TBNA is a useful diagnostic
method for sarcoidosis, there is room for further im-
provement. For example, the puncture method has
been modified for collecting larger samples for de-
tecting non-caseous granuloma. Changes in needle
size and puncture time and the use of rapid cyto-
logical analysis are thought to increase the detection
rate of non-caseous granulomas (13, 15, 16, 37). It is
necessary to improve the diagnostic approach for pa-
tients with suspected sarcoidosis who are scheduled
for EBUS-TBNA diagnosis. However, knowledge
regarding useful serological biomarkers for predict-
ing a higher rate of successful diagnosis by EBUS-
TBNA might encourage clinicians to choose this
method, which increases the importance of sIL-2R
as a biomarker.

In the present study, patient information and
clinical data were retrospectively analyzed, which
might have led to bias in the findings. Second, there
were missing values in the laboratory data, includ-
ing sIL-2R and lysozyme levels, which might have
decreased the statistical power of the markers for
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Table 4. Comparative analysis of patients with sarcoidosis with high and low serum sIL-2R levels

Serum sIL-2R level (U/mL) p
Characteristics < 8?; S{{,’I)HL) z 8?; i[igr)nL)
Demographic data
Men, % 53.8 (7/13) 38.9 (7/18) 41*
Age, years 54.7+17.3 59.8+17.2 437
Pulmonary involvement, % 46.2 (6/13) 72.2 (13/18) 4%
Extrapulmonary involvement, % 30.8 (4/13) 22.2 (4/18) 59*
Eye involvement, % 23.1 (3/13) 11.1 (2/18) 37*
Skin involvement, % 0.0 (0/13) 5.6 (1/18) .39*
Stage of sarcoidosis (I/II), n 7/6 5/13 14
Laboratory data
ACE concentration, U/L 16.9+5.4 24.9 £ 8.3 .003"
sIL-2R concentration, U/mL 551.6 +169.4 1,592.1 + 852.9 <.001%
Lysozyme concentration, pg/mL 6.2+1.6 16.6 + 9.8 .001t
Bronchoscopic analysis
Implementation of BAL, % 92.3 (12/13) 100.0 (18/18)
%lymphocytes in BALE, % 35.7 + 16.0 34.6 + 15.1 85"
CD4/CD8 ratio of lymphocytes in 6.6+43 992559 16

BALF

Abbreviations: ACE=angiotensin-converting enzyme, BAL=bronchial alveolar lavage, BALF=bronchial alveolar lavage fluid,

sIL-2R=soluble interleukin-2 receptor

Values are the proportion of patients in each study group (mean * standard deviation)

*chi-square test
*Mann-Whitney test

predicting significant differences in diagnosis of sar-
coidosis. Third, the laboratory data of healthy con-
trols without sarcoidosis were not collected, which
might have caused an improper setting of the cut-
off index. Fourth, in some cases, EBUS-TBNA and
TBLB were not performed simultaneously, which
led to incomplete assessment of the usefulness of the
combined examination. Fourth, the number of pa-
tients enrolled in this study was small. Therefore, we
might have missed some clinically important rela-
tionship between the diagnosis rate of sarcoidosis by
EBUS-TBNA and the evaluated markers.

In conclusion, this study demonstrated the diag-
nostic utility of combined EBUS-TBNA and TBLB

in enhancing the detection rate of non-caseous gran-

uloma in patients with suspected sarcoidosis. Our
findings indicated that serum levels of sIL-2R might
predict a higher diagnostic rate by EBUS-TBNA but
not TBLB. These findings might help avoid unnec-
essary examination and possible complications and
improve the diagnostic strategy for early-stage sar-
coidosis.
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FACTORS ASSOCIATED WITH IMPLANTABLE CARDIOVERTER
DEFIBRILLATORS APPROPRIATE THERAPY IN CARDIAC SARCOIDOSIS:
A META-ANALYSIS
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ABSTRACT. Background: Patients with cardiac sarcoidosis (CS) are at increased risk of atrioventricular blocks,
ventricular arrhythmias, and sudden cardiac death. Objectives We aimed to investigate the characteristics as-
sociated with appropriate therapy in implantable cardiac defibrillator (ICD) -implanted CS patients. Mezhods:
We performed a PubMed and Web of Science search for studies reporting patients with CS who underwent an
ICD implantation. The primary criterion was an appropriate therapy. Results: We screened 705 studies, of which
5 were included in the final analysis. We conducted a meta-analysis including 464 patients (mean age 55 years,
282 males (60%)). The mean follow-up was 3.5 years. Among the 464 patients, 180 received an appropriate
therapy (39%). Patients who received an appropriate therapy were younger (-3.33, 95% confidence interval (CI)
-6.42 to -0.23, p=0.004), were more likely to be male (OR 2.06, 95% CI 1.37-3.09, p=0.0005), had a lower left
ventricular ejection fraction (LVEF) (-10.5, 95% CI -18.23 to -2.78, p=0.008), had a higher rate of complete
heart block (OR 2.19, 95% CI 1.20 to 3.99, p=0.01), and more frequently had ventricular pacing (OR 6.44 95%
CI 2.57 to 16.16, p<0.0001). Conclusions: Appropriate ICD therapy during CS is associated with young age,
male sex, low LVEF, history of complete heart block, and ventricular pacing. (Sarcoidosis Vasc Diffuse Lung Dis
2020; 37 (1): 000-000)

KEey worbps: cardiac sarcoidosis, sudden death, implantable cardioverter defibrillator, complete heart block,
meta-analysis

Sarcoidosis is a multisystemic granulomatous
disease of unknown cause that occurs in young adults
(1). Clinical cardiac involvement occurs in 5% of pa-
tients with sarcoidosis (2). However, autopsy studies
suggest that cardiac involvement might concern more
than 25% of patients with sarcoidosis (3-5). Patients
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with cardiac sarcoidosis (CS) are at increased risk for
atrioventricular blocks, ventricular arrhythmias, and
sudden cardiac death (6-8). Implantable cardioverter
defibrillator (ICD) implantation is a high cost proce-
dure and may lead to severe complications, especially
in young patients who have been exposed to immu-
nosuppressive drugs (9). Recent guidelines suggest
that ICD implantation is recommended for patients
with spontaneous sustained ventricular arrhythmias
or left ventricular ejection fraction (LVEF) <35%
(class I); can be useful for patients with an indication
for permanent pacemaker implantation, unexplained
syncope or inducible sustained ventricular arrhyth-
mias (class ITa recommendation); and may be con-
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sidered for patients with LVEF 36% to 40%, right
ventricular ejection fraction <49%, or both (class IIb
recommendation).

However, the efficacy and safety of ICDs in
CS is debated. The subpopulation that benefits the
most from an ICD implantation remains unknown.
Appropriate ICD therapies refer to shock or anti-
tachycardia pacing for ventricular tachycardia (VT)
or ventricular fibrillation (VF). Appropriate therapy
has been investigated in nonischemic cardiomyopa-
thy and is a reliable surrogate criterion for sudden
cardiac death (10).

We conducted a meta-analysis to identify the
factors associated with appropriate ICD therapy in
patients with CS.

METHODS

Literature search

Two main investigators (L.-D.A. and F.C.-A.)
searched MEDLINE (1966-July 2018) and Web
of Science (1900-2018) for original articles with-
out language restrictions. The search strategy com-
bined free text search, advanced research, exploded
MESH/EMTREE terms, and all synonyms of the
following Medical Subject Headings terms: sarcoido-
sts, CS, ICD, cardiac sudden death, VI, VE, and cardiac
arrhythmias. (The search strategy is detailed in Sup-
plemental Table S1.) We also searched for additional
articles from the reference lists of relevant papers ob-
tained from the electronic search.

Selection criteria were determined before data
collection. Inclusion criteria were as follows: (1)
studies reporting on ICD (2) in patients with defi-
nite or suspected CS as defined in the Heart Rhythm
Society (HRS) consensus statement in 2014 or the
Japanese Ministry of Health and Welfare criteria
(11) (3), in which patients who received an appro-
priate therapy were compared with patients who did
not. Studies reporting reviews, case reports, editori-
als and guidelines were excluded. Studies reporting
on CS patients with insufficient available informa-
tion or nonextractable data were excluded. When-
ever disagreement occurred, it was resolved by dis-
cussion between the 2 investigators and the advice of
a third one (Z.A.) until a consensus was reached. A
flow chart of reasons for rejection of citations identi-

fied from the searches was performed and is shown
in Figure 1.

Data extraction

The data were simultaneously and independently
extracted by 2 investigators (L.-D.A. and F.C.-A.).
For each study, the recorded information included the
number of patients, inclusion criteria, CS diagnosis
criteria, definition of appropriate therapy, number of
patients in the appropriate therapy group, age, sex,
LVEF, history of syncope or complete heart block
(CHB), left or right bundle branch block (LBBB or
RBBB), ventricular pacing, cardiac magnetic reso-
nance imaging (MRI) results, and mean follow-up.

Risk of bias assessment

A subjective assessment of the methodological
quality of the observational studies was evaluated by
two investigators using the Newcastle-Ottawa Scale
(NOS) (12), which is a quality assessment tool for
nonrandomized studies. NOS uses a “star system”
based on three major perspectives: the selection of
the study groups (0 to 4 stars), the comparability
of the groups by controlling for important and ad-
ditional relevant factors (0 to 2 stars), and the as-
certainment of outcome of interest or exposure (0
to 3 stars). A total score of 3 or less indicates poor
quality, 4-6 indicates moderate quality, and 7-9 in-
dicates high quality. We also used the thresholds for
converting the NOS to the Agency for Healthcare
Research and Quality (AHRQ) standards. Discrep-
ant opinions between the investigators were resolved
by consensus.

Data analysis

As previously indicated, appropriate therapy re-
ferred to shock or antitachycardia pacing for VT or
VEF. Percentages were assessed for dichotomous vari-
ables; means and standard deviations were assessed
for continuous variables. We compared the charac-
teristics of the patients in the “appropriate therapy”
group versus the “no appropriate therapy” group.
All included articles were analyzed using Cochrane
Collaboration Review Manager statistical software
(version 5.3; Cochrane Collaboration, Oxford, UK).

The I? statistic was used to measure consistency. The
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fixed-model effect was used, and a random-effects
model was used whenever I* exceeded 0% (suggest-
ing a mild, moderate or important heterogeneity). A
p<0.05 was considered significant. A Mantel-Haen-
szel test was used for dichotomous variables, and an
inverse variance test was used for continuous vari-
ables. Odds ratio were estimated for dichotomous
variables comparisons. The PRISMA checklist is
detailed in Supplemental Figure S1.

REesuLrts

We extracted 705 articles. According to the
selection criteria, 68 articles were assessed for eligi-
bility (Figure 1). The main reason that studies were
excluded was the type of articles; many of them were
case reports. Five retrospective cohorts, published
between 2011 and 2018, were included in the final
analysis (13-17). The main results of these studies are
detailed in Table 1. These 5 studies were categorized
as poor or fair quality studies, according to the NOS
or AHRQ tools, respectively.

A total of 464 participants were included.
Across the 5 studies, the mean age was 55 years
(11.6). Among these 464 patients, 282 (60%) were
male. The estimated mean follow-up was 3.5 years.
One hundred and eighty patients (39%) received an
appropriate therapy.

Five factors were significantly associated with
receiving an appropriate therapy among the cardiac
sarcoidosis patients who were implanted with an
ICD: age, sex, LVEF, CHB, and ventricular pacing.
These results are shown in Figure 2.

Patients who received an appropriate therapy
were younger (- 3.33, 95% Confidence interval (CI)
-6.42 to -0.23, p=0.004, 1*=41%), more frequently
male (OR 2.06, 95% CI 1.37 to 3.09, p=0.0005,
1>=0%), and had a lower LVEF (-10.5, 95% CI
-18.23 to -2.78, p=0.008, 1*=85%). For LVEF, pa-
tients of the appropriate therapy group had a mean
LVEF of 36.1% (14.8) versus 47.5% (14.4) in the no
appropriate therapy group. Mean age in the appro-
priate therapy group was 53.9 years (11.8) versus 56
years (11.0) in the no appropriate therapy group.

For age: AT group 53.9 years (11.8); NAT group
56 years (11.0)

Three studies mentioned the presence of CHB,
and the patients who received an appropriate therapy
had a significant higher rate of CHB (OR 2.19, 95%
CI 1.2 to 3.99, p=0.01, I>=0%) (13-15). Two stud-
ies mentioned the presence of ventricular pacing (14,
15). Patients who received an appropriate therapy
were significantly more frequently paced (OR 6.44
95% CI 2.57 to 16.16, p<0.0001, I>=0%).

Conversely, LBBB, RBBB, positive CMR, syn-
cope were not associated with receiving an appropri-
ate therapy. The data included in such analyses were

Appropriate therapy  No appropriate therapy Mean Difference Mean Difference Avpropiate therapy Ho appropriae therapy Wean Diffrence Mean Difference
StudyorSubgroup  Mean  SD Total Mean D Total Weight IV, Random,95% €I Year 1, Random, 95% CI StwdyorSubgrovp  Mean S0 Totl Mean SO Total Weight IV, Random, 95%CI Vear 1V, Random, 95% €1
SETENSKY 2012 S0 10 1 526 119 28 1/ 250139898 2012 T SCHULLER 2012 22 165 3% 06 M1 66 208% -1840[2477,-1203) 2012 -
SCHULLER 2012 495 11 36 S50 113 66 242% -560(-10.4,-106] 2012 - BETENSKY 2012 $5 BS 17508 15 B 185 -1A0L40L-679 20 =
KRON 2013 $37 12 8 S66 104 IS1 3% -2900-5.96,016] 2013 L KRON 2013 L R L i
MOHSEN 2014 a4 78 11 6 11 19 148% -860[-1536,-184) 2014 - MOHSEN 2014 BRI 4719 168 B0 4 =
TAKAYA 2017 @ 16 2 61 1B 20 1165 -100-895695 2017 =0 TAKAYA 2017 ¥R R BN N 0% 40012371037 2017 tr
Total (95% C) 180 284 1000% 333 [-642,-023] 4 Total (95% C) 180 284 1000% -1050[-1823,-278] *
Heterogeneity. Tau? = 4.95; Chi = 6.81, df = 4 (P = 015 = 41% : Heterogeneity: Tau* = 64.02; Chi* = 2720, = & P < 0.0001) I = 85% !
A ST 0 50 100 b 100 -50 S0 10
At for overaleffect: 2 = 2.11 (P = 0.04) Favous young patients Favours ol patents G Testforoverll efect: 2= 2.66.¢ = 0.008) Favours o LVEF Favours high LVEF
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;;‘:L:;:;g?;“"“ “""1‘; T°‘1‘7' ‘““1‘; '“‘;s‘ wf;g;u M':"ig’;;"-g”‘f?'] zvuelazr MM, Fixed 95%.CF StudyorSubgroup  Events  Total Events Total Weight M-H, Fixed, 95% (I Year M-H, Fixed, 95% CI
% .40, 4. —p—, S , -
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Fig. 1. Flow diagram of the assessment of studies identified in the meta-analysis
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Table 1. Characteristics of the design and population in the 5 studies included in the meta-analysis

Ref Schuller (2012) Betensky (2012) Kron (2013) Mohsen (2014) Takaya (2017)
n* 102 45 235 30 52 (27 definite CS, 25
suspected CS)
Design Single-center retro- Single-center retro- Single-center retro- Single-center retro- Single-center
spective cohort spective cohort spective cohort spective cohort retrospective cohort
Inclusion CS receiving an ICD | CS receiving an ICD | CS receiving an ICD | CS receiving an ICD | CS receiving an ICD
criteria
Exclusion - Coronary heart - - -
criteria disease
More plausible expla-
nation for their heart
disease
Cardiac Modification of the JMHW or extra- Biopsy-proven CS or | Biopsy proven CS or | Definite CS or sus-
sarcoidosis | JMHW cardiac sarcoidosis suggestive CMR or biopsy proven extra- | pected CS according
definition associated with a extracardiac sarcoid- | cardiac sarcoidosis to the JMHW
positive CMR, PET | osis and a presump- associated with 2 or
imaging, heart biopsy | tive cardiac involve- more of the following
or explant pathology | ment criteria: clinical ab-
normality, low LVEF,
suggestive CMR, sug-
gestive ECG or EPS,
suggestive PET scan
Age (years) | 53.1(11.2) 53.5 (11.2) 55.6 (11.1) 53 (11) 60.1 (15.1)
mean (SD) Definite CS 63 (13)
Suspected CS 57 (17)
Male, n (%) | 60 (59%) 27 (60%) 152 (65%) 16 (53%) 27 (52%)
LVEF %) | 44.1 (15) 45.4 (16.4) 45 (15.7) 41(18) 36 (12)
mean (SD) Definite CS 35 (14)
Suspected CS 37 (10)
Syncope, n NA NA 68 (29%) 16 (53%) NA
(%)
RBBB, n 30 (29%) 6 (13%) 63 (28%) NA NA
(%)
LBBB, n (%) | NA 3 (7%) NA NA NA
Ventricular | NA 13 (29%) 16 (7%) NA NA
pacing
Positive - Focal or diffuse areas | Delayed contrast Patchy late gadolin- -
CMR defi- of delayed gadolinium | enhancement, wall ium enhancement of
nition enhancement occur- | motion abnormali- the mid- myocardium
rence in a distribution | ties, LV dysfunction, | and/or epicardium
inconsistent with scar | chamber dilation
due to prior infarction
Positive NA 4 (9%) 99 (86%) 8 (27%) NA
CMR
Primary NA 29 (64%) 147 (63%) 11 (37%) 27 (52%)
prevention
Follow-up 2.4 2.6 (2.7) 4.2 (4.0) 3.8 (4.0) NA
from ICD (Median: 2)
implantation
(years) mean
(SD)

(continued on next page)
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Table 1. Characteristics of the design and population in the 5 studies included in the meta-analysis

Appropri- ATP or shocks for 1 or more ATP or ATP or shocks (for ATP or shocks ATP or shocks for
ate therapy | VT or VF shock for sustained VT or VF) ventricular tachyar-
definition monomorphic or rthythmias
polymorphic VT or
elecytrical storms were
tabulated as a single
“event”
Appropriate
therapy
Yes 36 (35%) 17 (38%) 84 (36%) 11 (37%) 32 (61%)
No 66 (65%) 28 (62%) 151 (64%) 19 (63%) 20 (39%)
NOS (stars) | Selection: 3 Selection: 3 Selection: 3 Selection: 3 Selection: 3
Comparability: Comparability: 0 Comparability: 0 Comparability: 0 Comparability: 0
Outcome: 2 Outcome: 2 Outcome: 2 Outcome: 2 Outcome: 2
Quality as- Fair quality Fair quality Fair quality Fair quality Fair quality
sessment
AHRQ Poor quality Poor quality Poor quality Poor quality Poor quality
standards

* number of patients included in the study

CS cardiac sarcoidosis; EPS electrophysiologic study; JMHW Japanese Ministry of Health and Welfare; ATP Antitachycardia pacing; VT
Ventricular tachycardia; VF Ventricular fibrillation; AHRQ Agency for Healthcare Research and Quality; CMR Cardiac magnetic reso-

nance; LVEF Left ventricular ejection fraction

NA Not available; ECG Electrocardiogram; RBBB Right bundle branch block; LBBB Left bundle branch block; ICD Implantable cardio-
verter-defibrillator; PET Positron emission tomography; NOS Newcastle-Ottawa Scale

AR N — — Appropriate therapy  No appropriate therapy Wean Difference Mean Difference
Study orSubgroup _ Mean SO Total Mean SO Total Weight IV, Random,95%Cl Year 1V, Random, 95% C1 Musogels e % W Mea B Jod Negh NBNGesinG e I Raido, 5% Q)
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Fig. 2. Forest plot of trials that analyzed appropriate versus no appropriate therapy in patients with cardiac sarcoidosis and an implantable
cardioverter defibrillator. Impact of age (A), sex (B), left ventricular ejection fraction (LVEF) (C), complete heart block (CHB) (D), and

ventricular pacing (E)

obtained from 2 or 3 articles (Supplemental Figure
2).

Finally, receiving an appropriate therapy was
not associated with being implanted with an ICD
for secondary prevention. Four studies were included
in this analysis (14-17). This result is probably ex-
plained by a marked heterogeneity (I1>=80%).

DiscussionN

Based on the results of 5 retrospective cohorts,
this meta-analysis suggests that patients with cardiac
sarcoidosis who were implanted with an ICD and
received an appropriate therapy are more likely to
be young males with a low LVEF, ventricular pacing,
and a history of CHB.
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In our meta-analysis, we found a higher rate
(39%) of appropriate therapy than in previous stud-
ies reporting on other heart disease, such as ischemic
heart disease or dilated cardiomyopathy, suggesting
that patients with cardiac sarcoidosis are at high risk
for arrhythmias. For example, 13.4% of patients re-
ceived appropriate therapy after 1.9 years of follow
up in a cohort of patients with ischemic heart disease
and low LVEF (18). In a cohort of patients with low
LVEF who had been implanted for primary preven-
tion of cardiac sudden death, 18% had appropriate
therapy during a 35-month follow up (19).

In this meta-analysis, we used appropriate ther-
apy as the primary criterion. Appropriate shock has
been investigated as a surrogate marker for sudden
cardiac death in nonischemic cardiomyopathy in a
randomized controlled trial including 458 patients.
This study suggested that a 2:1 ratio was relevant for
defining appropriate therapy as a surrogate for sud-
den cardiac death (10).

In addition to a LVEF <35% and spontaneous
sustained ventricular arrhythmias, specific indications
for ICD implantation in CS are not supported with
a high level of evidence. HRS guidelines suggest an
ICD implantation in patients with LVEF <35% (class
I recommendation) or an LVEF between 36 and 49%
or right ventricular ejection fraction (RVEF) <40%
(class IIb recommendation). The impact of LVEF on
the incidence of ventricular arrhythmias was recently
investigated in CS (20). In this study, echocardiog-
raphy recorded a LVEF <40% in 30 of 62 patients
(48.4%); in the univariate analysis, these patients
experienced worse survival compared with those pa-
tients with LVEF 240% (p=0.017). No patient with
an LVEF between 41 and 50% died or had a trans-
plant. All the studies included in our meta-analysis
reported a mean LVEF lower than 40% (32-38%) in
the “appropriate therapy” group, whereas all of the
LVEF means in the “no appropriate therapy” group
were 46-51% (except the series by Takaya, which re-
ports a mean LVEF of 33% in the “no appropriate
therapy” group), supporting the finding that LVEF is
a main determinant of arrhythmia occurrence.

Cardiac sarcoidosis is a class ITa (level of evi-
dence C) recommendation for an ICD when a
pacemaker implantation is required (high-degree
atrioventricular block). We found that patients who
received an appropriate therapy were more likely to
have CHB. These results are consistent with recent

data: in a recent study, a high rate of ventricular ar-
rhythmias and sudden cardiac death was found in
patients with CS presenting with Mobitz II or CHB
(21). The 5-year incidence of sudden cardiac death
was 9% in the high atrioventricular block group (no
VT and LVEF >50%), 14% if atrioventricular block
was associated with an altered LVEF (between 35
and 50%), and up to 34% in the subgroup with VT
or severe left ventricular dysfunction (<35%).

Our study has several limitations. First, the
quality of all selected studies was poor to fair accord-
ing to the NOS. All five were retrospective studies.
Some patients were included in several studies: we
could not determine which patients were included
twice because it was not possible to obtain individual
data. Thus, this could represent a substantial bias.
However, cardiac sarcoidosis is rare and evidence
level is low for its management. Thus, despite this
bias, the results of this meta-analysis could help sup-
porting low-grade recommendations (11). In this
meta-analysis, we did not use data from randomized
or controlled trials, because they were not available.
Only retrospective studies were available. The prima-
ry endpoint was a surrogate marker of sudden cardiac
death. Finally, 17 studies were excluded because the
data could not be properly extracted.

Patients with CS are at high risk for sudden
cardiac death, and ICD implantation should be con-
sidered in selected patients. In this meta-analysis,
we identified 5 factors associated with appropriate
ICD therapy in CS: age, male sex, LVEF, CHB, and
ventricular pacing. These results suggest that in CS
patients, low LVEF and a history of CHB should
indicate ICD implantation, especially in young male
patients. Ventricular pacing in a patient who was
previously implanted with a pacemaker might be an
indication for an ICD upgrade or subcutaneous ICD
implantation.
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The incidence, comorbidity and mortality of sarcoidosis in Korea,
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ABSTRACT. Background: Few national level, population-based studies are present on the epidemiology of sar-
coidosis and it is unclear whether these patients have higher mortality than the general population. The objec-
tive of this study was to investigate the nationwide epidemiology, comorbidity and mortality in sarcoidosis in
Korea. Material and Methods: For the period between 2008 to 2015, we used the national population-based
database operated by Rare Intractable Disease registration program in which patients’ diagnosis are based on
uniform criteria. All sarcoidosis patients were identified and followed-up using the National Health Insurance
database to determine their incidence, comorbidity, mortality, causes of death and standardised mortality ratio
(SMR). Results: During the study period, we identified 3,259 new sarcoidosis patients. The average annual
incidence was 0.81 per 100,000. The annual mortality rate was 9.26 per 1,000 person-years. The mortality
rate were significantly higher than those of the general population (SMR 1.91, 95% confidence interval 1.62-
2.25). The major comorbidities of sarcoidosis patients were the diseases of the respiratory system (17.64%),
heart (5.43%), eyes (4.27%) and cancer (2.3%). Mortality was higher in patients with lung involvement. Of
the 84 deaths identified in this study from 2008-2013, the most common cause of death was cancer (41.7%),
followed by respiratory disease (13.1%), sarcoidosis (13.1%) and heart disease (8.3%). Conclusions: We reported
a nationwide incidence of sarcoidosis as 0.81 per 100,000 in Korea. The mortality of sarcoidosis patients was
higher compared to the general population and the major causes of death were cancer, respiratory disease and
sarcoidosis. Sarcoidosis patients with comorbid diseases showed increased mortality. (Sarcoidosis Vasc Diffuse

Lung Dis 2020; 37 (1): 24-36)

KEyY worps: sarcoidosis, incidence, comorbidity, mortality, cause of death

Abbreviation list: INTRODUCTION
ICD-10 = International Classification of Diseases, 10th re-
vision, Sarcoidosis is an inflammatory disease charac-

RID = Rare Intractable Disease,

NHI = The National Health Insurance
CI = confidential interval

SMR = Standardised Mortality Ratio

terized by non-caseating granuloma that generally
affects the lungs, but can also involve various organs
such as the liver, skin, eyes, heart and nervous system
(D).

The incidence of sarcoidosis is known to vary
Received: 2 September 2019 according to race and region (2, 3). It is observed to
Accepted after revision: 10 February 2020 be higher among African Americans compared to
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The morbidity of sarcoidosis is associated with
the extent of organ involvement and the diseases
resulting from them (9-13). These comorbid condi-
tions effect the prognosis of sarcoidosis in patients
(14, 15), however the relationship between comor-
bidity of sarcoidosis and mortality has been poorly
studied. Previous studies (14, 16, 17) that have inves-
tigated comorbidities in sarcoidosis were mostly hos-
pital based where limited number of patients were
available. The effect of comorbidity on mortality has
rarely been researched specially in Asian countries
where the incidence is relatively low.

Although sarcoidosis is usually a self-limited
disease (18), it can be fatal when accompanied by
organ failure, especially in the lungs, heart and nerv-
ous system (19, 20). However, it remains controver-
sial whether sarcoidosis patients have a higher risk
of mortality than the general population and only
a few studies have investigated the causes of death
(21-24). Also, though it reported that patients of
Asian ethnicity have less severe symtoms (6), there is
insufficient evidence if the severity and mortality of
sarcoidosis differs according to race or region (9,19).

Previous epidemiological studies on sarcoidosis
included only a small number of patients from a spe-
cific geographical areas (8, 22). In particular, the ma-
jority of mortality studies were cross-sectional in na-
ture by using routinely collected administrative data
rather than following-up patients, and were hospi-
tal-based instead of population-based (7, 25). Since
few comorbidity and mortality studies followed-up
sarcoidosis patients (23, 24), data from large-scale
population-based nationwide studies are needed.

This study investigated the epidemiology, co-
morbidity, mortality and cause of death of sarcoido-
sis patients in Korea using Rare Intractable Diseases
(RID) database linked with National Health Insur-
ance (NHI) database which covers entire Korean
population. To be registered in the RID program,
which is run by the Korean government, patients
must receive a physician-certified diagnosis based on
uniform criteria. In this study, all sarcoidosis patients
identified from the RID database were followed from
2008-2015 to determine their incidence, comorbid-
ity and mortality.

MATERIALS AND METHODS

Data source

This study used claims data from the NHI da-
tabase and registration data from the RID database.
The Korean government implemented a national
health insurance program for all citizens, which cov-
ers more than 50 million individuals. Each medical
institution submits an electronic form including the
diagnosis and treatments of all inpatients and out-
patients to the NHI for claims of reimbursement.
These data recorded in the NHI database contain
information from the time of patients’ diagnosis and
thereafter, including the diagnosis, demographics,
prescription history, surgical records and screening
history. Patients’ diagnostic information was record-
ed according to the International Classification of
Diseases, 10th Revision (ICD-10).

Within this system, the NHI has established
a registration program for rare intractable diseases
(RIDs), including sarcoidosis, that provides copay-
ment reduction to patients. To be registered in this
RID program, specific diagnostic criteria need to be
met and certified by a physician. Thus, the RID da-
tabase allowed the current study to analyze reliable
epidemiological features of sarcoidosis. We used this
database to investigate the national incidence, mor-
tality and causes of death of sarcoidosis in Korea.

Identification of sarcoidosis patients

Our study was based on data of all sarcoidosis
patients registered in the RID program extracted
from the NHI-RID database from January 2008 to
December 2015.

All patients registered in the RID were identi-
fied and followed-up until 2015. Patients identified
using the RID registration code (V111) combined
with the ICD-10 codes (D860-D863, D868, D869)
were included. The NHI diagnostic criteria for sar-
coidosis(26) include noncaseating epithelioid cell
granulomas detected microscopically from a histo-
logic biopsy of pulmonary or suspected organ and a
compatible clinical presentation as well as the find-
ing from chest radiography. In making the diagnosis,
other granulomatous diseases, such as silicosis, be-
rylliosis, hypersensitivity pneumonitis etc., should be

excluded.
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Identification of comorbidity

In order to identify the comorbidity, we followed
up the sarcoidosis patients using the NHI-RID da-
tabase. From previous studies (6, 22, 23, 25, 27-30)
we employed commonly related organ systems af-
fected by sarcoidosis (neoplasm, respiratory disease,
heart disease, renal disease, liver disease et al) as co-
morbidities for sarcoidosis, a list of which is provided
in the supplementary material (Supplementary 1).
We defined the comorbid disease as diagnosed code
based on the ICD-10 codes for inpatient hospitali-
zation and the comorbidities before diagnosis of sar-
coidosis were excluded.

Identification of mortality and causes of death

To determine the mortality and causes of death,
we linked patients’ data to Statistics Korea. Statistics
Korea is a government operated database established
in 1981 that includes death certificates of all deceased
persons in Korea. By law, death certificates must con-
tain the cause of death issued by the attending physi-
cian at the time of death and recorded according to
the ICD-10. Statistics Korea is supplemented by the
NHI and the National Police Agency information to
ascertain the cause of death when the diagnosis was
uncertain. A 91% agreement rate has been reported
(31) between the causes of death recorded in Sta-
tistics Korea and those confirmed through medical
chart review. By using this database, we followed-up
all sarcoidosis patients from 2008 to the end of 2013
to determine the causes of death.

The personal information of patients was pro-
tected and kept anonymous. Anonymous data link-
age was processed by a third party organization. This
study was approved by the Korea University.

Statistical Analysis

In this study, we calculated and stratified into
different age bands sarcoidosis incidence, annu-
al mortality and the standardised mortality ratio
(SMR) from 2008-2015 and causes of death from
2008-2013.

We defined an incident case as a newly diagnosed
sarcoidosis patient registered in the RID program in

the same year. Only patients identified as an inci-
dent patient during the study period were included
in the numerator of this study. Annual incidence was
calculated by dividing the number of total incident
cases by the total population number as of July in the
corresponding year. As prevalent cases may confound
incident cases, we applied a 3-year washout period
to exclude patients who had been diagnosed before
they were registered in the RID program. The aver-
age age- and sex-specific incidences were calculated
by dividing the number of cases in each age and sex
group by the age- and sex-specific population and
averaging these data from 2008-2015. We used the
Poisson regression and Cochran-Armitage Trend
Test to investigate the annual incidence trends. In-
cidence and mortality were calculated for each in-
volved organ. As the RID program does not include
diagnostic criteria for specific types of sarcoidosis,
organ involvement type was determined by using
ICD-10 codes. We classified organ involvement as
lung, lymph nodes, skin and other organ (eyes, heart
and nerves), based on the ICD-10 codes. When one
person had multiple organ involvement, they were
counted as separate cases.

Allindividuals with sarcoidosis were followed up
till they were diagnosed with comorbidity, and then
all individuals with each of the comorbidities were
tracked till 2016 and at that point they were assessed
for their vital status and the mortality was calculated.
The comorbidity was presented as frequency (as a
percentage), defined as the number of patients with
specific comorbidity divided by the total number of
sarcoidosis patients and it was also presented as an
organ system. The mortality with each comorbidity
was presented as the percentage of death among the
sarcoidosis with comorbidity.

From the mortality data including causes of
death obtained from Statistics Korea, the annual
mortality rate was calculated by dividing the num-
ber of sarcoidosis patients who had died in the year
by the person-years of sarcoidosis patients regis-
tered in RID. Person-years for patients were ac-
cumulated at the time of entry in this study until
death. Mortality was compared to the general Ko-
rean population using SMR with 95% confidence
interval (CI). The SMR is the ratio of observed
deaths over expected deaths derived from the mor-
tality of the total Korean population obtained from
Statistics Korea data.
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Survival data from Statistics Korea linked to
the NHI-RID database were used in our survival
analysis. We evaluated survival curves according to
the Kaplan-Meier method. The date of initial reg-
istration in the database was considered the date of
diagnosis. Patients were censored when a patient was
alive at the time of last follow-up. A log-rank test
was used to compare the cumulative survival of sar-
coidosis patients by gender.

For all mortality cases, the causes of death were
analyzed and presented by major disease classifica-
tion. Causes of death were investigated for all sar-
coidosis mortality cases using the Statistics Korea
database between 2008 and 2013. We calculated the
SMR by cause of death to compare cause-specific
mortality between sarcoidosis patients and the gen-
eral population.

REesuLts
Incidence

Table 1 shows the annual incidence of all sar-
coidosis patients from 2008 to 2015. A total of 3,259
sarcoidosis patients were diagnosed. The incidence
rate averaged during the study period at 0.81 per
100,000. The annual incidence showed a statisti-
cally significant increasing trend, with an increase of
1.03 cases per year on average. The male incidence
rate was 0.64 per 100,000 and female incidence was
0.98 per 100,000 with a male:female ratio of 1:1.5.
The age- and sex-specific incidence of sarcoidosis is
displayed in Figure 1. Male patients exhibited a bi-
modal distribution, peaking at 30-39 years and again
at 60-69 years, whereas females had a single peak at
50-59 years.

Our analysis of the distribution of organ in-
volvement showed that lung involvement accounted
for at most 60% (1,955 cases). 35.4% of patients
(1,154 cases) exhibited involvement of the lymph
nodes, 10.2% (332 cases) had skin involvement and
12.9% (421cases) had other involvements, including
eyes, heart and nervous system (Table 2).

Comorbidity and Mortality

The major comorbidities of sarcoidosis patients
were the diseases of lungs (575 cases, 17.64%), heart

(177 cases, 5.43%), eyes (139 cases, 4.27%) and can-
cer (75 cases, 2.3%). Interstitial lung disease, chronic
obstructive pulmonary disease, lung cancer and pneu-
monia were common comorbid respiratory disorders,
while cardiomyopathy, ischemic heart disease and
heart failure were common cardiac comorbidities.
Iridocyclitis was the most common eye disease iden-
tified as comorbidity and colon and rectum cancer
among malignancies, while chronic kidney disease
and acute renal failure among renal disease. Among
them, higher mortality was observed with pneumo-
nia (63 deaths), chronic obstructive pulmonary dis-
ease (30 deaths), interstitial pulmonary disease (24
deaths), chronic kidney disease (13 deaths), acute
renal failure (11 deaths), and lung cancer (7 deaths).
Among patients with cardiac involvement, we iden-
tified mortality as 34.5% (25 deaths/ 73 patients) for
patients with heart failure, 17.95% (7 deaths/ 39 pa-
tients) for patients with cardiomyopathy and 14.58%
(7 deaths/ 48 patients) for patients with chronic is-
chemic heart disease.

The post-diagnosis survival of sarcoidosis pa-
tients is shown in Figure 2. We tracked 3,259 in-
cident cases of sarcoidosis from diagnosis during a
mean follow-up of 4.4 years, amounting to 15,119
person-years of observation. Women exhibited a
slightly higher survival rate of 96.8%, while male
survival was 93.4%.

The annual mortality rates are shown in Table 3.
From 2008 to 2015, 140 of 3,259 patients with sar-
coidosis died (78 males and 62 females). The annual
mortality rate was 9.26 per 1,000 person-years, with
a male and female annual mortality rate of 13.69 per
1,000 person-years and 6.58 per 1,000 person-years,
respectively. The male: female ratio was 2.1:1. A
high mortality rate of 38.43 per 1,000 person-years
was observed among patients aged 0-19 years, after
which mortality increased with increasing age, from
2.63 in the 20-39 year age group to 21.90 in the 60-
79 year age group.

The age- and sex-specific SMRs for sarcoidosis
are shown in Table 3. The mortality of sarcoidosis
patients was significantly higher than the general
population. The SMR was 1.91 (95% CI 1.62, 2.25),
with a male SMR of 2.17 (95% CI 1.74, 2.71) and
female SMR of 1.66 (95% CI 1.29, 2.12), indicating
a higher mortality among males. Compared to the
general population, the younger age groups of 0-19
years and 20-39 years exhibited significantly higher
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Table 1. Incidence of sarcoidosis in Korea, 2008-2015

Number of population

Incident cases

Incidence per 100,000/year

Year Total Male Female Total Male Female Total
2008 49,404,648 143 237 380 0.58 0.96 0.77
2009 49,656,756 132 230 362 0.53 0.93 0.73
2010 49,879,812 123 228 351 0.49 0.92 0.70
2011 50,111,476 148 242 390 0.59 0.97 0.78
2012 50,345,325 158 246 404 0.63 0.98 0.80
2013 50,558,952 182 253 435 0.72 1.00 0.86
2014 50,763,158 202 282 484 0.80 1.11 0.95
2015 50,951,719 195 258 453 0.77 1.01 0.89
Total 1,283 1,976 3,259 0.64 0.98 0.81
incidence = incident cases x 100,000

total Korean populations

3.00

2.50

200 -

1.50

1.00

incidence rate (per 100,000)

0.50

female

0.00

0-9 10-19 20-29 30-39 40-49 50-59 60-69 70-79 >80

age group (years)

Fig. 1. Incidence of sarcoidosis by sex and age in Korea, 2008-2015. The vertical axis shows incidence rates by 100,000 people; the hori-

zontal axis shows age in 10-year increments until the age of 80 years

SMRs of 240.83 and 3.74, respectively, while pa-
tients aged over 40 years had an SMR of 2.69.

According to organ involvement, mortality was
higher in sarcoidosis patients with lung involvement,
at 8.30 per 1,000 person-years than in patients with
other involvement including lymph nodes (6.91 per
1,000 person-years) and skin (3.12 per 1,000 person-
years) (Table 2).

Cause of Death

Of the 84 deaths identified in this study from
2008-2013, the most common cause of death was
neoplasms (35 deaths, 41.7%), followed by dis-
eases of the respiratory system (11 deaths, 13.1%),
sarcoidosis (11 deaths, 13.1%), and cardiac disease

(7 deaths, 8.3%) (Table 4). Among the respiratory
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Table 2. Incidence and mortality by distribution of organ involvement at the time of diagnosis among patients with sarcoidosis in Korea,

2008-2015
Incidence Mortality
Site of lesion )
No of patients(%) Person-years Nod(;i?l]:s S(?);")'ed (per ll\g(()):)t;::lgo?—t;ears)
lung 1,955(60.0) 9,160 76(54.2) 8.30
lymph nodes 1,154(35.4) 5,356 37(26.4) 6.91
skin 332(10.2) 1,602 5(3.6) 3.12
eye, heart and nervous system 421(12.9) 2,314 16(11.4) 6.90
total 3,259 140

Kaplan-Meier survival estimates

0.70 0.80 0.90 1.00
L 1 1 1

0.60
1

female

0.50
1

T T T T

0 1:5 3 45 6 7.5

Number at risk
female 1978 1829 1407 1010 669 340
male 1283 1158 846 575 365 190

(vean) o

0
0

Fig. 2. Survival curve of patients with sarcoidosis by gender. The vertical axis represents survival rate ; the horizontal axis represents years

after diagnosis

diseases, 54.5% (6 cases) of patients had interstitial DiscussioN

pulmonary disease.

In this nationwide population-based study, we
identified 3,259 incident cases of sarcoidosis from
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Table 3. The annual mortality and age-and sex-specific standardised mortality ratios (SMR) of sarcoidosis in Korea, 2008-2015

No of deaths/No of person Annual mortality per 1000 person-years SMR
Age (95% confidence interval) (95% confidence interval)
Tou
group Male Female  Total Male Female Total Male Female Total
160.74 480.03 240.83
31.35 49.64 38.43
0-19 2/12 2/8 4/20 (784.12535)  (12.41,19848) (1442, 102.39) (40.20, 642.70) (120.06, (90.39, 641.68)
1900.00)
231 3.15 2.63 3.01 5.91 3.74

2039 6/580 5317 11/897 (1.04, 5.15) (131,7.58) (146, 4.75) (1.35,6.70) (2.22,15.74) (2.01,6.96)

4059 30456 221174 52/1630 14.46 390 673 302 236 269
) (1011,2068)  (257.592)  (5.13.884)  (206,444) (154362  (2.02,3.58)

38.09 14.66 21.90 172 134 153
60-79 3627 VA8 67695 (y7475080)  (1031,2085) 17.23,2782)  (125,238) (093,192  (120,194)
187.96 57.11 106.57 1.85 0.97 131
B0 48 M7 gosas0s0) (1428,22837) (47.88,23722)  (088,389) (044,216 (076,225)
13.69 6.58 9.26 2.17 1.66 1.91

overall  78/1,83  62/1,976  140/3,259 (10.96,17.09)  (5.13,8.44) (7.85,10.93) (1.74,2.71) (1.29,2.12) (1.62,2.25)

total deaths with sarcoidos}s % 100,000
person-years of total sarcoidosis

Annual mortality = The

Pneumcnia 320

Iridocyclitis

Chronic obstructive pulmonary disease

Interstitial pulmonary disease

Heart failure
B comorbidity, N

Chronic ischemic heart disease HEdeath, N

Chronic kidney disease

T T T T T T T 1

0 50 100 150 200 250 300 350

Fig. 3. Mortality associated with comorbidities in sarcoidosis in Korea, 2008-2015. The vertical axis represents comorbidities in sarcoido-
sis; the horizontal axis represents the number of comorbidity and death in sarcoidosis
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Table 4. The cause of death among patients with sarcoidosis in Korea, 2008-2013

Condition (ICD-10 code)

No of observed deaths (%)

Male Female Total
Neoplasms (C00-D48) 16 (19.0) 19 (22.6) 35(41.7)
Malignant neoplasms of colon (C18) 4(4.8) 2(2.4) 6(7.1)
Malignant neoplasm of bronchus and lung (C34) 4(4.8) 0 (0.0) 4(4.8)
Malignant neoplasm of connective tissue of breast (C50) 0(0.0) 4(4.8) 4(4.8)
ﬁlﬁﬁtﬁggfﬁﬁ Z)(fj E;))ne and articular cartilage of other 2(2.4) 11.2) 3(3.6)
others 6(7.1) 12 (14.3) 18 (21.4)
Disease of the respiratory system (J00-J99) 8(9.5) 3(3.6) 11(13.1)
Pneumonia, organism unspecified (J18) 1(12) 1(12) 2(2.4)
Other chronic obstructive pulmonary disease (J44) 2(2.4) 0 (0.0) 2(2.4)
Status asthmaticus (J46) 0 (0.0) 1(1.2) 1(1.2)
interstitial pulmonary disease (J84) 5(6.0) 1(1.2) 6(7.1)
Sarcoidosis(D86) 5(6.0) 6(7.1) 11(13.1)
Diseases of the circulatory system(100-199) 6(7.1) 1(1.2) 7(8.3)
Acute myocardial infarction (I121) 1(1.2) 0(0.0) 1(1.2)
Chronic ischemic heart disease (I125) 2 (2.4) 0(0.0) 2(2.4)
Acute myocarditis (140) 1(1.2) 0(0.0) 1(1.2)
Heart failure (I50) 1(1.2) 1(1.2) 2 (2.4)
Intracerebral hemorrhage (161) 1(1.2) 0(0.0) 1(1.2)
Diseases of the nervous system (G00-G99) 1(1.2) 2(2.4) 3(3.6)
Encephalitis, myelitis and encephalomyelitis (G04) 0(0.0) 1(1.2) 1(12)
Spinal muscular atrophy and related syndromes (G12) 1(1.2) 0(0.0) 1(1.2)
Multiple sclerosis (G35) 0(0.0) 1(1.2) 1(1.2)

2008-2015. The average annual incidence of sar-
coidosis was 0.81 per 100,000. The average annual
mortality rate was 9.26 per 1,000 person-years and
the 5-year survival rate was 95.5%. Commonly as-
sociated comorbidities in sarcoidosis patients were
the disease of lungs (575 cases, 17.64%), heart (177
cases, 5.43%), eyes (139 cases, 4.27%) and cancer (75
cases, 2.3%). It was also observed that the patients
with these comorbidities show higher mortality.
Our study based on population-based data cov-
ering the entire population is less at risk of selection
bias compared to surveys or hospital-based studies.

Also, incidence, mortality and survival rates were
investigated in the same cohort during an 8-year
follow-up period and so the entire mortality pat-
tern and natural course of sarcoidosis could be un-
derstood. Similar with many existing reports (6, 32),
the NHI diagnostic criteria for sarcoidosis used in
our study required the identification of granulomas
through histological findings, thus our findings are
more comparable.

The incidence reported in this study is mark-
edly lower than findings from the United States and
Europe. The incidence of sarcoidosis in the United
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Table 5. Comorbidities associated with sarcoidosis in Korea, 2008-2015

The number of comorbidity(%)

Disease Condition (ICD-10 code)

Male Female Total
Neoplasms
Malignant neoplasm of bronchus, trachea and lung (C33~34) 19(0.58) 19(0.58) 38(1.17)
Malignant neoplasms of colon, rectosigmoid junction and rectum (C18~C20) 9(0.28) 15(0.46) 24(0.74)
Malignant neoplasm of connective tissue of breast (C50) 0(0) 9(0.28) 9(0.28)
Malignant melanoma of skin (C43) 1(0.03) 1(0.03) 2(0.06)
Disease of the respiratory system
Pneumonia(J17, J18) 149(4.57) 171(5.25) 320(9.82)
Chronic obstructive pulmonary disease (J44) 64(1.96) 61(1.87) 125(3.84)
Interstitial pulmonary disease (J84) 61(1.87) 61(1.87) 122(3.74)
Pulmonary hypertension(I27.0, 127.2) 3(0.09) 5(0.15) 8(0.25)
Diseases of the circulatory system
Heart failure (I50) 27(0.83) 46(1.41) 73(2.24)
Ischemic heart disease (I25) 20(0.61) 28(0.86) 48(1.47)
cardiomyopathy (I142) 18(0.55) 21(0.64) 39(1.20)
Acute myocardial infarction (121) 11(0.34) 3(0.09) 14(0.43)
Stroke (164) 7(0.21) 7(0.21) 14(0.43)
Intracerebral hemorrhage (161) 4(0.12) 6(0.18) 10(0.31)
myocarditis (140, 141.8) 2(0.06) 1(0.03) 3(0.09)
Diseases of the renal system
Chronic kidney disease (N18) 25(0.77) 20(0.61) 45(1.38)
Acute renal failure (N17) 21(0.64) 7(0.21) 28(0.86)
Diseases of the Liver
Hepatic failure(K72) 3(0.09) 6(0.18) 9(0.28)
Diseases of the nervous system
Multiple cranial nerve palsies in sarcoidosis (G53.2) 3(0.09) 3(0.09) 6(0.18)
Encephalitis, myelitis and encephalomyelitis (G04) 3(0.09) 2(0.06) 5(0.15)
Spinal muscular atrophy and related syndromes (G12) 1(0.03) 0(0) 1(0.03)
Diseases of the musculoskeletal system
Myositis in sarcoidosis (M63.3) 1(0.03) 3(0.09) 4(0.12)
Diseases of the eye and adnexa
Iridocyclitis (H20, H22.1) 45(1.38) 93(2.85) 138(4.23)
Diseases of the skin
erythema nodosum(L52) 0(0) 5(0.15) 5(0.15)

States is about 10.00 - 39.10 per 100,000(5, 22, 33), 100,000(6). In Asia, incidences have been reported
and that in Europe is 3.80 - 7.00 per 100,000 (24, ranging from 0.56-4.00 per 100,000(29, 36, 37), and
34, 35). Our findings are analogous with a Japa- the incidence of this study falls within this range.
nese study that reported an incidence of 1.01 per However, a direct comparison with these studies
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may be difficult considering differences in method-
ology.

The incidence of sarcoidosis was 1.5 times higher
in women. The female dominance observed in our
study is comparable to other reports, in which inci-
dence ranged from 1.22-2.08 times higher among
women(6, 38). In males, the pattern of the age-specific
incidence of sarcoidosis was biphasic, peaking twice
at 30-39 and at 60-69 years of age, and monophasic
in females, peaking at 50-59 years of age. Due to the
preventive effect of female hormones, the peak of sar-
coidosis among women is over fifty years of age (39).

In our study, lung and respiratory diseases were
common comorbid disease with higher mortality.
These findings are in line with previous studies that
report common comorbidity as chronic pulmonary
disease and obstructive pulmonary disease (14, 16,
17) and common cause of death as pneumonia, pul-
monary fibrosis and obstructive airway disease (23,
25, 30) in sarcoidosis patients.

This study found the that 5-year survival rate af-
ter sarcoidosis diagnosis was 95.5%, which is compa-
rable to the survival rate of 93.0% reported in a study
of sarcoidosis in the UK (24). The annual mortality
rate for patients with sarcoidosis was 9.26 per 1,000
person-years, which is similar to two previous stud-
ies that reported mortality rates of 9.40 per 1,000
person-years and 14.00 per 1,000 person-years (23,
24). Even though the incidence of sarcoidosis in Asia
is much lower, our mortality and survival findings are
similar to western countries.

Notably, the mortality of younger patients aged
20 years and under (38.43 per 1,000 person-years)
was higher than adult patients aged 20 to 60 years
(5.29 per 1,000 person-years). The main cause of
deaths under 20 years of age were, systemic involve-
ment of connective tissues, followed by breast cancer
and heart failure. While skin melanoma accounted
for all deaths under the age of 10 years. Though pub-
lished data on the long-term prognosis of sarcoidosis
in children are scarce, previous studies have found
a poorer prognosis among young children with sar-
coidosis (40, 41) associated with sequelae and pro-
gressive disease (42, 43). Our findings reflect the
need for further detailed studies on the prognosis of
sarcoidosis.

The SMR of sarcoidosis patients in this study
was higher than the general population. There is a
debate surrounding whether the mortality of sar-

coidosis is higher than the general population. Ear-
lier (21, 22) no difference in mortality rates between
sarcoidosis patients and the general population was
reported, while some studies(23, 24) found a higher
hazard ratio among sarcoidosis patients compared to
the general population, which is similar to our results.
In interpreting results, it should be taken into con-
sideration that previous studies used hospital-based
design which only included sarcoidosis patients fol-
lowed up at hospitals, while our study used a popu-
lation-based design in which all Korean sarcoidosis
patients were followed with reliable SMR estimates.

Among organ involvement, lungs accounted for
60.0% of cases in our study (1,955 cases), which is
consonant with previous studies from other coun-
tries (6, 28). Mortality was higher in lung involve-
ment than with any other organ. This coincides with
a previous study where pulmonary disease and upper
respiratory mucosal involvement had unfavourable
clinical courses compared to acute arthritis and bilat-
eral hilar lymphadenopathy(19).

We found that cancer, respiratory disease and
sarcoidosis were the main causes of death and these
showed higher cause-specific SMRs compared to
the general population. This finding is in line with
several studies (10) that reported higher incidence of
cancer among sarcoidosis patients. We reported that
among the different types of cancer, colon and lung
cancer were the most common causes of death. Our
study also found that respiratory disease was also sig-
nificant cause of death in sarcoidosis, with interstitial
pulmonary disease in particular showing higher mor-
tality. Consistent with our findings, one report (44)
found interstitial lung involvement with pulmonary
fibrosis and pulmonary hypertension were associated
with increased mortality and another study reported
that pulmonary fibrosis accounted for 9.0% of deaths
(30).

In this study although cardiac involvement was
relatively common among sarcoidosis patients, the
deaths due to cardiovascular disease were low. In in-
terpreting the cause of death in our study we should
take into account the cause of death registration sys-
tem in Korea, where the National Statistics Office
registers the cause of death for each deceased patient
as one single underlying disease. In this system, the
cause of death of patients with underlying cardiovas-
cular disease may be registered as immediate cause
such as pulmonary embolism or as primary disease
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such as sarcoidosis. In this case, cardiovascular dis-
eases may not be recorded as underlying cause of
death.

In order to identify the type of treatment for
sarcoidosis patients, we searched the KoreaMed, do-
mestic medical research database with the keyword
“sarcoidosis” and identified 103 studies (3 case series
and 100 case reports (supplementary 2). Of the 260
patients with sarcoidosis, 162 (62.3%) were treated
with steroids. In some of the patients in these stud-
ies, methotrexate (45-49), hydroxychloroquine (50,
51), and azathioprine (45, 52) were combined with
steroids when multiorgan involvement was present
such as lungs, eyes, muscles, liver, joints, and gas-
trointestinal tract and these results were similar to
the standard treatment of sarcoidosis (53). In several
cases, it has been reported that corticosteroids are ef-
fective in sarcoidosis treatment, but some studies re-
port recurrences or steroid related complications due
to long term use (54-57). In the literature, the effect
of steroids for sarcoidosis still remains unclear.

The limitations of this study are as follows. First,
because we used registration data, we were unable
to identify detailed clinical features of sarcoidosis
including clinical and radiological results. Second,
ICD-10 code does not include information on spe-
cific organ involvement and therefore we could not
determine the organ involvement separately for eye,
heart and nervous system involved. Rather the pa-
tients invaded in eye, heart and nervous system were
confirmed through comorbidity disease followed up
in NHI database. Third, because we relied on gov-
ernment administrative cause of death data which
includes one underlying cause, we could not inves-
tigate in detail the causes of death specifically de-
signed for sarcoidosis patients. Therefore, sometimes
it is difficult to distinguish whether designated cause
of death was immediate cause or underlying disease.
Finally, the use of ICD code registration data as di-
agnosis may raise questions concerning the diagnos-
tic accuracy. However, the NHI provides uniform di-
agnostic criteria that must be followed in order to be
registered in the RID and each diagnosis is reviewed
at the healthcare institution before submission to
the NHI to assure it meets the criteria. Through this
process, we assumed that we maintained a high diag-
nostic reliability in this study.

CoNcLusION

This nationwide population-based study inves-
tigated the incidence, comorbidity, mortality and
causes of death of sarcoidosis in Korea. The incidence
of sarcoidosis was 0.81 per 100,000, which is lower
than the United States and Europe, but similar with
Japan. The annual mortality rate of 9.26 per 1,000
person-years and the survival rate of 95.5% were
similar with previous studies. The mortality was sig-
nificantly higher than the general population (SMR
1.91, 95% CI 1.62, 2.25) and was particularly high
in younger age groups. The most common causes of
death were cancer, sarcoidosis itself and respiratory
diseases. Increased mortality was observed in sar-
coidosis patients with comorbid diseases.
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INTERSTITIAL LUNG DISEASE AND MICROSCOPIC POLYANGIITIS IN
CHILEAN PATIENTS
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ABSTRACT. Objective: To describe the clinical and serological patients characteristics with Microscopic Poly-
angiitis (MPA) and Interstitial lung disease (ILD). Methods: Of all the patients with AAV diagnosed between
2007-2017 at the Hospital Clinico Universidad de Chile, those with MPA and ILD were selected and studied
retrospectively. Results: All patients were Hispanic; median age at diagnosis 65 years (32-84). 59% were fe-
male. All were positive for p-ANCA, 16 patients for MPO. Most common manifestations were constitutional
symptoms, weight loss and fever. CT-Scans patterns were Usual Interstitial Pneumonia (UIP) in 10 patients,
Nonspecific Interstitial Pneumonia (NSIP) in 6 and fibrosis not UIP or NSIP pattern in 1. In 6 cases, ILD was
diagnosed 0.5-14 years before MPA and concomitantly in 11. Conclusions: Although infrequent, Microscopic
Polyangiitis should be suspected in patients with ILD particularly if extra-pulmonary manifestations that rise
the possibility of a systemic illness are present, regardless of the time elapsed between the latter and the diagnosis

of this type of lung involvement. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 37-42)

KEY worbs: microscopic polyangiitis, interstitial lung disease, ANCA vasculitis

INTRODUCTION

Microscopic Polyangiitis is a systemic necrotiz-
ing vasculitis that predominantly affects small vessels
in the absence of granulomas. It is associated to an-
tineutrophil cytoplasmic antibodies (ANCA), with
p-ANCA (perinuclear) fluorescence pattern and
anti-myeloperoxidase (MPO) specificity. Immune
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deposits are scarce or absent (1). Without treatment,
the mortality rate in the first year of disease is ap-
proximately 80 %. With adequate therapy, survival
rates are between 82-92% (2).

The clinical onset of MPA can be acute or pro-
tracted. Clinical manifestations vary in scope and
severity. Besides musculoskeletal and constitutional
symptoms, the most commonly involved systems are:
kidney (80-100%), peripheral nervous system and
skin (30%) (1).

Pulmonary involvement has been observed in
25-55% of patients. Its most frequent expression is
alveolar hemorrhage, showing patchy ground-glass
attenuation on high resolution CT scan in 90% of
cases (3,4). More recently it has been recognized
that interstitial lung disease (ILD) is a significant
although infrequent clinical manifestation of MPA
(5,6,7). A limited number of ILD associated with
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MPA has been reported in the literature, two of them
in Hispanic population (8,9). Therefore, the clinical
and serologic characteristics and the prognosis of
these patients is not completely known. Neither is
clear if the clinical manifestations are different in pa-
tients of different genetic ancestry.

The aim of our study is to report the clinical
and serological characteristics of 17 MPA Chilean
patients with associated ILD and to compare them
with other foreign series.

PATIENTS AND METHODS

All patients with ANCA associated vasculitis
(AAV) diagnosed by a Rheumatologist, that fulfill
ACR or Chapell Hill (10,11) classification criteria,
between 2007-2017 at the Hospital Clinico Uni-
versidad de Chile were studied. Patients with ILD,
defined as diffuse parenchymal lung disease on CT
scan with UIP or NSIP pattern were selected and
followed. All patients had at least two High Resolu-
tion Lung CT scan, one at the moment of diagnosis
and one after at least 3 months of therapy. The CT
scans were re-analyzed by a pulmonary radiologist,
who was aware of the diagnosis of vasculitis. Pa-
tients with other rheumatic diseases, drugs or toxic
exposure that could explain the pulmonary involve-
ment were excluded. Blood cell counts, ESR, blood
chemistry and urinalysis were performed monthly
in all our patients. Indirect immunofluorescence for
ANCA, ELISA assay for MPO-ANCA and PR3-
ANCA, detection of rtheumatoid factor (RF), anti-
citrullinated protein antibodies (ACPA), Antinu-
clear antibodies, antibodies to extractable antigens,
complement and C-reactive protein (CRP), were
performed according to the manufacturer’s Instruc-
tions, at some point to every patient. None of our
patients underwent lung biopsy. The Birmingham
Vasculitis Activity Score (BVAS) was calculated at
diagnosis.

Although this report is a retrospective study, all
patients were studied and treated according to an in-
stitutional protocol for patients with severe vasculi-
tis. Data are presented as percentages, medians and
ranges.

Review of the clinical charts was performed and
data were extracted on standardized forms, with the
approval of the local Ethics Committee.

Resurts

101 Patients with AAV were diagnosed between
2007-2017 at the Hospital Clinico Universidad de
Chile. 38 (37.6%) were MPA and 28 of them (73,6%)
had pulmonary involvement. 17 had ILD. All pa-
tients were Hispanic; median age at diagnosis was
65 years (32-84). 59% were female. Clinical findings
are summarized in Table 1. Most common manifes-
tations at diagnosis were constitutional symptoms,
weight loss and intermittent fever (> 38°C) in 100%,
70% and 70%, respectively. All patients had normo-
cytic, normochromic anemia, high ESR (mean 83
mm/hr., range 33 - 120) and CRP (8-15 times above
upper normal limit). All were positive for p-ANCA,
16 patients for MPO (titers between 23 and 100 IU;
Normal <5). The median BVAS score at diagnosis
calculated in 16 patients was 15.18 (range= 13-28).

In 10 cases, ILD was diagnosed concomitantly
with MPA. In the other 7 patients idiopathic pul-
monary fibrosis was diagnosed 0.5 to 14 years before
AAV. In these patients vasculitis associated-ILD was
suspected when additional non-respiratory symp-
toms appeared leading to further study. 5 patient de-
veloped signs of pulmonary hemorrhage.

The patterns described at CT Scans were Usu-
al Interstitial Pneumonia (UIP) in 10 patients and
Nonspecific Interstitial Pneumonia (NSIP) in 6 pa-
tients. One patient did not meet the complete crite-
ria of UIP or NSIP. Non specific radiographic find-
ing that might suggest vasculitis etiology was found.

All except 3 patient received 6 monthly iv cy-
clophosphamide (CF) as induction therapy. One pa-
tient died soon after the diagnosis, in two patient CF
was suspended due to severe infections. All patients
started with prednisone [1 mg/kg/day]. In 5 patients
with associated alveolar hemorrhage, mononeuritis
multiplex or optic neuropathy, methylprednisolone
pulses [1gram/day per 3 days] were administered pri-
or to oral therapy. Maintenance therapy was carried
out with Azathioprine [1.5-2 mg/kg/day], and cor-
ticosteroids in low doses [5-10 mg/day]. 2 patients
with progressive lung involvement received Rituxi-
mab one with stabilization of the disease, the other
without success, died 17 months after diagnosis. One
patient received rituximab due to relapse with alveo-
lar hemorrhage with good response.

All patients with neurological involvement re-
mained with some degree of sequelae. Arthritis, cu-
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Table 1. Clinical features in 17 MPA with ILD patients

BVAS Chronolgy
Age Sex o CT ILD-MPA RN MC NS MS Treatment  Moratlity
(Initial)
(month)
55 M 20 UIP C NO NO MM M/S CS/CF/AZ NO
68 F 17 UIP/DAH B (10) NO LR PNP M/A CS/CF/AZ NO
79 M 15 UIpP B (5) NO LR PNP M/S CS/CF/AZ  NO
69 F 15 uIp C NO LR PNP S CS/CF/AZ  NO
77 F 19 uIp C GN LR/CV MM/SNHL S CS/CF/AZ Si
64 F 13 uIp C GN LR NO M/A CS/CF/AZ  NO
81 M 19 uIp C GN NO NO NO CS/CF/AZ  NO
84 F 22 UIP/DAH  C rRpGN O NO NO CS/CF st
Ulcers
63 F 22 uIp B (168) GN NO CNS/SNHL NO CS/CF/AZ  NO
63 M 24 NSIP B (24) NO NO MM S CS/CF/AZ  Si
53 F 23 NSIP C GN LR NO A CoCHN s
68 F 13 NSIP/DAH B (50) NO  NO PNP M gg CE/PX/ o
57 M 25 NSIP/DAH C RPGN NO PNP NO CS/CF/AZ NO
7% M 19 N TNt Be0) NO NO  SNHL M/S  CS/CF/AZ NO
54 F 16 NSIP C NO LR PNP A CS/CF/AZ  NO
32 F 28 UIP/DAH B(84) NO CVv NO NO CS/CF/AZ  NO
54 M NA NSIP C GN NO NO M CS/CF/RX  NO
M: Male F: Female; Y: Yes N: No ;B: Before C: Concomitant ;ILD: Interstitial Lung Disease MPA: Microscopic Polyangiitis CT: Com-
puted Tomography UIP: Usual Interstitial Pneumonia NSIP: Non Specific Instertitial Pneumoniae DAH: Difusse alveolar hemorrhage;
RN: renal GN: Glomerulonephritis RPGN: Rapidly progressive glomerulonephritis MC: Mucocutaneus LR: Livedo CV: Cutaneus vas-
culitis; NS: Nervous system MM: Multiple Mononeuritis PNP: Polyneuropathy SNHL: Sensorineural hearing loss CNS: Central nervous
system ; MS: Musculosqueletal M: Myalgia S: Synovitis A: Arthralgia ;CS: Corticosteoids CF: Cyclophosphamide AZ: Azathioprine RX:
Rituximab PX: Plasmapheresis

taneous manifestations and constitutional symptoms
remitted with treatment without relapse.

5 of 17 patients analyzed, died. 3/5 (60%) with

NSIP and 2 (40%) with UIP; 2 because of pulmo-
nary infection, one from stroke, 1 from catastrophic
respiratory failure due to disease progression and 1
died from unknown cause.

was found between two groups. (Figure 1)

Survival analysis - Kaplan-Meier curve com-
parison of patients with AAV with and without ILD

was performed. No statistically significant difference
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Fig.1.

Discussion

Classically, MPA was described as a kidney-
lung syndrome; however, during the last few years
new forms of presentation, such as ILD, have been
reported (5,12). To date, the clinical and pathologi-
cal characteristics of ANCA associated ILD do not
allow differentiate from idiopathic pulmonary fibrosis
(IPF) (13). The prevalence of ANCA antibodies in
patients with isolated IPF is estimated to be 8 to 36%
(13,14,15). However, ILD associated to ANCA is not
enough to diagnose AAV. The diagnosis also requires
another clinical features that demonstrate vasculitis.

There is some data that suggests that the clinical
phenotype of MPA differs with ethnicity so it is rel-
evant to study clinical manifestations and outcomes
of the disease in different populations (14,16). To our
knowledge, there are only few cases of ILD associ-
ated to MPA reported in Hispanic population and
our report has the biggest number of patients from
South America (12)

The prevalence of ILD as a manifestation of
MPA is thought to be low. However, different series
report that among all MPA patients, ILD prevalence
range from 2,7 to as high as 45%, with slight pre-
dominance in men, and 65 years as median age of
presentation (14). We are reporting 17 cases of MPA

with ILD in Chilean patients. In our cohort, 44,7%
of MPA patients had ILD, the median age at presen-
tation was 64,6 years (32-84), and 59% were female.
Demographic data are similar to Asiatic patients and
slightly older than in the other two Latin American
series (Table 2).

As described in the literature, ILD can pre-
cede or occur concomitantly with other vasculitic
manifestations in 14-85% and 36-67% respectively
(6,12,14,15). In our cohort 41,2% preceded and
58.8% appeared simultaneously with MPA. No pa-
tient developed new ILD after the MPA diagnosis.
As shown on table 2 we found a higher percentage of
NSIP (35%) on CT scan than other patterns.

In many of our patients, the association of fe-
ver, polyarthritis, cutaneous manifestations and pe-
ripheral neuropathy were the findings that led us to
suspect systemic vasculitis, and the interpretation
of lung involvement as a manifestation of MPA oc-
curred afterwards. In all of our patients, nonspecific
findings, such as anemia, high ESR and CRP, rather
than ILD, contributed to raise the suspicion of sys-
temic illness. It is important to point out that most
of our patients had high titers of rheumatoid factor
with negative ACPA. This lead to an initial misdiag-
nose of rheumatoid arthritis in two of our patients.

It has been reported that between 80 and 100%
of MPA patients have some degree of kidney in-
volvement (1). Similar rates have been previously
described in the series of ILD associated to AAV
(5,6,14,15). Interestingly only 47% of our patients
had clinical or laboratory expression of glomerular
injury, and all of them had favourable outcome after
treatment (Table 1).

The presence of ILD has been associated with
poor prognosis and mortality in MPA (16,17). Re-
ported mortality in ILD associated to AAV reaches
80 % (5,6,14,15). Factors associated with death in
this patients are age at diagnosis of AAV, age at di-
agnosis of ILD, weight loss, eosinophil count and
respiratory insufficiency. (17). In our series the mor-
tality rate was 30 %. The higher percentage of NSIP
pattern (35%) in our patients could explain the lower
mortality rate compared with the predominance UIP
pattern reported worldwide. In our cohort, we found
no significant difference in mortality between groups
with AAV with and without ILD, however this could
be related to the sample size (Figure 1).

The age at diagnosis of our patients is similar
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Table 2. Clinical and tomographic findings in worldwide series

Country CHI ARG MEX CHIN JAP USA CAN FRA UK
Ne patients 17 9 19 19 19 3 6 49 14
Age (mean) 64.6 58.4 54.2 63.6 66.2 72.3 69.8 68 67.3
Sex % (Female) 59 54.5 47.1 58 48 76.7 50 39 28.5
Chronology ILD-MPA %

e  Before 41.2 55,5 82,3 68,4 52,6 33,3 50 45 14.4

° Concomitant 58.8 54.5 17.7 31.5 47.3 76.7 33.3 21 64.2

e  After 0 0 0 0 0 0 16.7 12 21.4
CT %.

° UIP 59 88.8 100 100 100 0 100 57 57.1

e NSIP 35 0 0 0 0 0 0 7 7.1

e  non UIP-NSIP 6 11.2 0 0 0 100 0 26 35.8
Mortality % 30 444 41.2 31 47 333 83.3 61 71
CHI: Chile ARG: Argentina MEX: México CHIN: China JAP: Japan USA: United States CAN: Canada FRA: Francia UK: United
Kingdon. ILD: Interstitial Lung Disease MPA: Microscopic polyangiitis CT: Computed Tomography UIP: Usual Insterstitial Pneu-
moniae NSIP: Non Specific Interstitial Pneumoniae.(7,14)

to what has been described in other series. However,
in contrast with our results (female 59%), in Euro-
pean series a male predominance has been reported,
66,3% (5,13,16). The time of onset of pulmonary in-
volvement is highly variable and could precede, be
concomitant with or develop after other vasculitic
manifestation. (Table 2)

ILD has been progressively described as a mani-
festation of MPA. Our reports suggest that the pres-
ence of constitutional symptoms, other parenchymal
involvement, anemia, high ESR or CRP should raise
the suspicion of AAV. In these patients testing for
ANCA is of especial interest.

ILD associated to ANCA vasculitis might be a
potentially treatable cause of ILD. Here we report
the first series of ILD associated to MPA in Chilean
patients. Further studies are warranted to determine
specific clinical characteristics and best therapeutic
approach in this newly described subset of MPA pa-

tients in different populations.
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ABSTRACT. Background: Sarcoidosis is a rare, chronic systemic disease. Earlier data (2006-2010) suggest that the
incidence of pulmonary sarcoidosis in Silesian voivodeship increased, however there is no current data on other
clinical forms of the disease. Objectives: The aim of presented study was an analysis of the actual epidemiologi-
cal situation of sarcoidosis with simultaneous estimation of treatment cost financed from public funds. Mezhods:
Epidemiological descriptive study concerned registered cases of sarcoidosis diagnosed in adult inhabitants of
the Silesian voivodeship in years 2011-2015. Secondary epidemiological data on the main diagnosis and co-
morbidity were obtained from the National Health Fund (NFZ) database in Katowice. Territorial and temporal
variability of standardized incidence rates were analysed with simultaneous estimation of treatment costs reim-
bursed from the state budget. Resu/ts: Pulmonary sarcoidosis was the most frequently registered clinical form
of such disease in the Silesian voivodeship (65% of total cases). The highest number of cases was diagnosed in
the age 3554 years, frequently in men than in women. Significantly decrease of the standardized incidence of
sarcoidosis noticed between 2011 and 2015 is related with observed lower number of total cases of pulmonary
disease. Observed territorial variability of the sarcoidosis incidence requires future, well-planned studies. The
annual average direct cost of sarcoidosis treatment is high and exceed 538 EUR per patient. Conclusions: It was
confirmed that sarcoidosis in the Silesian Voivodeship is a rare disease, however reimbursed direct costs of treat-
ment remains very high. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 43-52)

KEyY worbs: sarcoidosis, incidence, economic burden, descriptive study

INTRODUCTION ate for specific ethnic groups (5-7, 9, 12, 13), and

also indicating an abnormal immune response due

Sarcoidosis is a chronic disease manifested by
the presence of granulomas in many tissues or or-
gans, mainly in lungs, but also in lymph nodes, heart,
organs of sight, liver or heart (1-3, 8, 9). The aetiol-
ogy of the disease remains unexplained (4) although
there are reports on genetic determinants appropri-
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to exposure (6, 9, 12, 13). The factors include: fungi,
mycobacteria, bacteria, parasites (1, 6, 13) and pol-
len, metals, chemicals, or medicines (1, 9, 13).

The incidence of sarcoidosis substantially differs
between regions, the highest values were reported
in the African-American population of the United
States (35.5/100,000), as well as in the populations of
Northern European countries (Sweden 24/100,000,
Norway 14-15/100,000, Finland 11.4/100,000) (6,
10). The lowest incidence was recorded in Southern
European countries (Spain 0.42/100,000, Greece
1.07/100,000) and also in Japan (0.56-1.01/100,000
population) (10). The incidence of pulmonary sar-
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coidosis in Poland, estimated in years 2006-2010 was
at the level of 3.8-4.5/100,000 population (11).

There is no separate registry of particular form
of sarcoidosis hospitalization cases in Poland, current
registry include the number of entire cases of certain
disorders involving the immune mechanism (D86)
with pulmonary sarcoidosis and other allergic lung
diseases, as well as autoimmune and granulomas (14).
In the period 2011-2015, the number of hospitaliza-
tions due to total cases of diseases in this group was
constantly increasing and ranged from 6,589 to 8,113
per year.

The cost of sarcoidosis treatment is high, eg.
total annual direct cost of treatment in the United
States is about 1.3-8.7 billion USD, and the average
annual cost is at the level USD 19,714 per patient
(15). Moreover, it is documented that the largest an-
nual average cost of treatment of a patient with sar-
coidosis (80-100th percentile of total costs) reached
USD 7,345 (EUR 59,719.76) (16). The average cost
of total granuloma treatment in the period 2011-
2015, in Poland are stable and ranged PLN 4,850.18
(EUR 1,149.99) per patient and PLN 4,943.76
(EUR 1,172.17), in 2011 and 2013 year respectively
(14).

Observed progressive aging of population caus-
es increase the number of chronic diseases, including
number of patients hospitalized due to sarcoidosis
(11, 14). Those observation justify needs of epide-
miological study in the aim of current situation as-
sessment in one of the biggest Polish agglomeration
(Silesian Voivodeship), including incidence, hospi-
talization and total cost of treatment granted from
the government funds.

METHODS

This paper presents results of descriptive epide-
miological study conducted in the Silesian voivode-
ship and based on secondary epidemiological data
registered by National Health Fund (NHF) in Ka-
towice, in years 2011-2015. Obtained data on sar-
coidosis (D86; ICD-10 version) include addresses
of services providers, type of service (outpatient,
stationary), admission mode, mode of discharge and
cost of benefits. Moreover, anonymous patient data
were collected, age, gender and place of residence,
and the major diagnosis code according to ICD-10

along with three comorbidities. The including crite-
rion was ever diagnosed sarcoidosis recognized as the
main diagnosis and/or as one of the comorbidities.
The following forms of the disease were included in
final database: sarcoidosis of the lung (D86.0) and
sarcoidosis of the lung with sarcoidosis of lymph
nodes (D86.2), sarcoidosis of lymph nodes (D86.1),
sarcoidosis of skin (ID86.3), sarcoidosis of other sites
(D86.8) and unspecified sarcoidosis (D86.9).

The number and percentage of patients with sar-
coidosis, separately women and men in the following
age groups: 19-34, 35-54, 55-64 and 65+, were de-
termined. Crude and standardized incidences of sar-
coidosis in particular years of the study period (2011-
2015) were presented as a rate per 100,000 population
of 19+ years. The average number of inhabitants in
2011-2015 was 3,722,496 (3,712,784+3,728,366).
Their temporal variability in the Silesian Voivode-
ship was shown in separated local administrative
units according to NTS-4 (Nomenclature of Ter-
ritorial Units for Statistics), for which detailed de-
scription of procedure was presented in the earlier
publication (11). The assessment of sarcoidosis ter-
ritorial variability was presented on contour maps of
the Silesian Voivodeship as an averaged value of inci-
dence rates in 2011-2015. For this purpose, the geo-
graphical information system ArcGIS 9.2 was used.
Moreover, the direct costs of sarcoidosis treatment,
in both outpatient visits and hospitalization, incurred
in 2011-2015 were estimated. On the basis of data
on the services number in particular reported years,
the average unit costs of disease treatment in PLN
were calculated. The structure of these expenses was
presented based on the following rounded quantile
values: ky»5=50, kos=500, ko75=5,000. The study wasn’t
any medical experiment, and the secondary character
of data didn’t need Bioethics Committee permission.

Statistical analysis of data was based on MS Ex-
cel 2013 (Microsoft Office 2013) software and the
2.11.1 R package (GNU GPL license).

REesurts

According to the assumed aim of the study, ap-
propriate crude and standardized incidence rates
were calculated, detailed results are presented in
Table 1. As it was expected, the standardized values
were almost two times smaller than the crude val-
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ues: 7.08-13.08/100,000 vs 12.04-22.09/100,000 cidence rate was obtained for pulmonary sarcoidosis
population 19+ years. The highest standardized in- with values ranging from 9.55/100,000 in 2011 to

Table 1. Crude and standardized incidence rates of sarcoidosis (D86; ICD-10 version) in adults aged 19 and over (n/100,000), Silesian
Voivodeship

Main diagnosis Main or co-existing diagnosis

Year | Crude ratio Standardized ratio Crude ratio Standardized ratio

Total Total Women Men Total Total Women Men

Sarcoidosis D86
2011 22.09 13.08 11.31 14.71 25.65 15.02 12.93 17.00
2012 18.27 10.86 11.01 10.45 21.32 12.57 12.73 12.13
2013 13.80 8.39 7.40 9.31 16.22 9.80 8.64 10.85
2014 12.28 7.71 6.16 9.20 14.41 8.91 7.16 10.60
2015 12.04 7.08 5.61 8.52 14.44 8.40 6.61 10.13
Sarcoidosis of lung D86.0, D86.2
2011 16.07 9.55 7.69 11.32 18.36 10.78 8.56 12.93
2012 12.77 7.62 7.48 7.57 14.32 8.49 8.38 8.42
2013 8.86 5.33 4.69 5.94 10.34 6.18 5.39 6.92
2014 6.96 4.35 3.23 5.45 8.09 4.97 3.71 6.20
2015 7.35 4.32 3.47 5.16 8.65 5.05 3.89 6.18
Sarcoidosis of lymph nodes D86.1
2011 2.68 1.57 1.51 1.61 2.90 1.69 1.61 1.77
2012 2.90 1.72 1.82 1.60 3.25 1.91 2.00 1.77
2013 2.26 1.43 1.29 1.55 2.52 1.60 1.41 1.76
2014 2.82 1.81 1.59 2.00 3.20 2.05 1.75 2.35
2015 2.50 1.56 1.16 1.95 291 1.76 1.35 2.16
Sarcoidosis of skin D86.3
2011 0.27 0.15 0.30 0.00 0.35 0.20 0.39 0.00
2012 0.24 0.15 0.21 0.07 0.32 0.20 0.29 0.11
2013 0.35 0.19 0.16 0.22 0.43 0.24 0.22 0.26
2014 0.32 0.18 0.26 0.11 0.35 0.19 0.27 0.11
2015 0.13 0.05 0.07 0.02 0.16 0.07 0.12 0.02
Sarcoidosis of other sites D86.8
2011 1.18 0.71 0.77 0.64 1.40 0.85 0.91 0.78
2012 0.67 0.37 0.51 0.23 0.83 0.45 0.56 0.34
2013 0.67 0.41 0.51 0.29 0.89 0.53 0.64 0.42
2014 0.51 0.33 0.34 0.32 0.56 0.36 0.39 0.32
2015 0.27 0.15 0.19 0.11 0.30 0.16 0.19 0.14
Unspecified sarcoidosis D86.9

2011 1.88 1.09 1.03 1.14 2.66 1.50 1.46 1.52
2012 1.69 1.00 0.99 0.98 2.60 1.52 1.50 1.49
2013 1.66 1.04 0.75 1.31 2.04 1.25 0.99 1.49
2014 1.67 1.03 0.74 1.33 2.20 1.34 1.04 1.63
2015 1.78 1.00 0.72 1.28 2.42 1.36 1.07 1.64
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4.32/100,000 in 2015 year. Moreover, the value was
higher in men than in women (5.16-11.32/100,000
vs 3.23-7.69/100,000 respectively).

Figure 1 illustrates the territorial variability of
sarcoidosis incidence rates (values averaged in the
study period 2011-2015). The highest values were ob-
served in the following cities: Siemianowice Slaskie,
Gliwice, Ruda Slaska, Dabrowa Gornicza and Tychy
and districts: gliwicki, lubliniecki, bierunsko-ledzin-
ski. The lowest values concerned cities: Bytom, Zory
and districts: wodzislawski, rybnicki, cieszynski.

It is worth noting that most frequently sarcoido-
sis was detected in people aged 35-54 years (Figure
2). Patients with sarcoidosis as the major diagnosis
were somewhat younger (46.6+13.3 years) than those
with sarcoidosis as a co-occurring disease (47.3+13.5
years).

Sarcoidosis mostly affected men than women
(52.0% vs. 48%), both total and particular forms of
the disease (Figure 3).

Detailed data on the number of new outpatient
visits or hospitalization due to sarcoidosis was shown

in Table 2. It was noted, that a total number of cases
and a number of outpatient visits significantly de-
creased in subsequent reporting years with a relatively
stable number of hospitalizations in the entire study
period 2011-2015. The highest number of patients
was observed in the beginning year of the study.

Most frequently diagnosed form of sarcoido-
sis was the pulmonary form of the disease (D86.0,
D86.2; ICD-10 version) and contained about 65%
of all cases (N=3427) recognized in the study period
(2012-2015) and over 70% of cases in the beginning
year (N=956; 2011). Sarcoidosis of lymph nodes
(D86.1) occurred in about 16% of patients, lower
percentages were related to diagnoses of unspeci-
fied sarcoidosis (ID86.9) - 10% of cases, sarcoidosis
of other sites (ID86.8) - 4% of cases, as well as sar-
coidosis of skin (ID86.3) - 2% of cases, in 2012-2015
(N=3427).

Table 3 presents a history of treating patients
with sarcoidosis. In the case of over 80% of people,
treatment started in a planned mode, based on a re-
ferral. Over half of patients with sarcoidosis (60%)
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Fig. 1. Standardized incidence rates of sarcoidosis in adults inhabitants of Silesian voivodeship, values averaged for the period 2011-2015
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were referred for further treatment, after discharge
from the hospital. In the study period, none patient
died due to sarcoidosis as the major diagnosis.

The average costs of hospitalization patients
with sarcoidosis as a major diagnosis (funds grant-
ed from the budget) were PLN 5,115.17 (EUR
1,177.80) per patient and were similar to those re-
funded in patients with sarcoidosis as a co-morbid

disease (PLN 4,684.03 - EUR 1 078.52). Detailed
data are presented in Table 4.

It is worth noting that in the case of nearly 30%
of unit services, the annual cost did not exceed PLN
50 per patient. The percentage of patients for which
the funds spent were greater than PLN 5,000 did not
exceed 13.8% (patients with the main diagnosis) and
12.5% (patients with comorbid sarcoidosis).
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Table 3. History of treatment patients with sarcoidosis in Silesian voivodeship (D86; ICD-10 version) entire study period (2011-2015)

Sarcoidosis as a major Sarcoidosis as a major or
Admission diagnosis coexisting diagnosis
N (%) N (%)
Outpatient treatment
Emergency admission 157 (9.8) 171 (9.8)
Planned admission based on referral 1405 (87.3) 1498 (85.6)
No data 47 (2.9) 81 (4.6)
Total 1609 (100) 1750 (100)
Hospitalization (stationary treatment)
Emergency admission 239 (18.2) 418 (24.9)
Planned admission based on a referral 1074 (81.8) 1259 (75.1)
Total 1313 (100) 1677 (100)
Discharge
Referral for further treatment 799 (60.9) 1080 (64.4)
Discharge against medical advice (AMA) 7 (0.5) 10 (0.6)
The end of the therapeutic or diagnostic process 507 (38.6) 579 (34.5)
Death of the patient 0(0) 8(0.5)
Total 1313 (100) 1677 (100)
Discussion Case-Control Etiologic of Sarcoidosis Study (AC-

Obtained results confirmed that the current
epidemiological situation of sarcoidosis (2011-2015)
in the Silesian Voivodeship is satisfactory. First, we
observed a decrease of new cases of disease which
was basically related to decreasing the number of
dominant clinical forms of the disease - pulmonary
sarcoidosis (about 65% of cases). Similarly, lung sar-
coidosis is the most common form of the disease in
the USA, data of the Foundation for Sarcoidosis
Research (FSR) suggests that this form of disease
affected even up to 90% of patients (17). Extrapul-
monary sarcoidosis includes the following forms: pe-
ripheral lymph nodes, heart, eyeballs, nervous system,
skin, liver and/or spleen, the osteoarticular system (1,
12, 17). Own data confirmed that 16% of patients
had sarcoidosis of lymph nodes, sarcoidosis of other
sites occurred in 4% of patients, sarcoidosis of skin
was diagnosed in 2%, and unspecified sarcoidosis in
more than 10%. A similar structure of disease was
observed in the Netherlands where pulmonary form
concerned 82% of patients, ocular sarcoidosis 3.8%,
neurosarcoidosis 3.3%, cardiac sarcoidosis 1.6%, hy-
percalcemia 2.2% and sarcoidosis of skin and other
symptoms occurred in 7.1% of patients (18). The

CESS) indicated, that the dominant form was the
pulmonary sarcoidosis (51.9% of patients), next sar-
coidosis of skin (12.7%), sarcoidosis of other sites
(6.3%) and unspecified sarcoidosis (15.9%) (25).
Treatment of sarcoidosis has an individual char-
acter without unambiguous standards methods (19).
The Polish NHF registry indicated that more than
half of patients (55.1%) in the Silesian Voivodeship
were treated in out-patient visits immediately after
the first-time diagnosis, whereas 1313 (44.9%) of
patients were hospitalized. Most people with pulmo-
nary sarcoidosis and sarcoidosis of skin were patients
of outpatient treatment, while people with sarcoido-
sis of lymph node and sarcoidosis of other sites rather
required hospitalization. The observed difference was
most likely a consequence of better availability of de-
tailed diagnostic methods and appropriate therapy in
hospitals only (2). The results of other studies in the
United States revealed that the rate of hospitalization
due to sarcoidosis was significantly higher than the
rates of hospitalization of patients without sarcoido-
sis (17.3/100 vs 12.6/100 person-years, respectively)
(22). We observed, that 60% of patients hospitalized
due to first-time diagnosed sarcoidosis in the Silesian
voivodeship were referred for further treatment.
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The demographic structure of patients with pul-
monary sarcoidosis in the present study was similar to
those observed in earlier research period 2006-2010
(11). The frequency of disease was the highest in peo-
ple aged 35-54 years. Polish and USA studies con-
firmed that sex is a serious determinant of the diag-
nosed form of the disease, sarcoidosis of lymph node
and unspecified sarcoidosis were dominant forms in
Polish males while in female sarcoidosis of skin and
sarcoidosis of other sites were the major forms (11,
20). In the USA neurosarcoidosis, ocular sarcoidosis
and erythema nodular were significantly more fre-
quently recognized in women than in men (20).

Obtained results confirmed significant tempo-
ral variability of sarcoidosis incidence in the Silesian
voivodeship. During an earlier period (years 2006-
2010) an increase of the standardized incidence
rate was observed from the value of 3.8/100,000 to
4.3/100,000. Next in 2011 was noted a double in-
crease of incidence to the value 9.55/100,000 popula-
tion. Current data confirmed a significant decrease in
incidence rate in years 2012-2015 to the values 7.62-
4.32/100,000 population respectively. Such observa-
tion is difficult to explaining in the case of descriptive
study thus, it cannot be ruled out that an unstable
register is responsible for this variability, and we have
to project future research in which confounder and
modifying factors will be taken into account. How-
ever, contrary to our observations, the epidemiologi-
cal situation of sarcoidosis in the United States was
quite stable, the incidence in the years 2010-2013 was
at the level 7.6-8.8/100,000 population. Similarly,
stable values of crude incidence in the years 1991-
2003 was recorded in Great Britain, the incidence
of sarcoidosis was in the range of 4.45-5.59/100,000
population (23). Concluding, the current incidence of
sarcoidosis in Silesian Voivodeship is consistent with
some other cited studies. Significantly higher values
apply to Northern European countries with values
24/100,000 in Sweden, 11.4/100,000 in Finland, 14-
15/100,000 in Norway and 7.2/100,000 in Denmark.
On the other hand, Southern European countries
have a lower incidence, respectively: 0.42/100,000 in
Spain and 1.07/100,000 in Greece (10).

Observed in own study significant territo-
rial variability of incidence is consistent with those
reported in the United States. The highest value
(9.45-11.83/100 000 population) concerned north
USA regions, while slightly lower was registered in

southern and western US states (7.84-9.43/100,000
population and 4.31-4.93/100,000 population re-
spectively) (21). It is worth referring to the earlier
publication, in which authors conclude that observed
territorial variability of lung sarcoidosis is related to
potentially higher exposure to pesticides and wood
dust of people living in districts with a predominance
of arable and/or forest land (11). The observations of
Italians are also interesting, they pointed to the pos-
sible connection between the place of residence in
the peripheral areas of cities and rural areas and the
increased incidence of lung sarcoidosis (24). Howev-
er, such hypothesis requires future research in which
we have to control exposure.

The average annual cost of sarcoidosis treatment
in the Silesian Voivodeship was PLN 2,337.45 (EUR
538.21) per patient. It should be noted a significant
disproportion of costs in particular clinical forms of
the disease. The lowest cost, on average PLN 775.59
(EUR 178.58) per patient was related to sarcoidosis
of skin treatment, while the highest (on average PLN
2,999.80, EUR 688) are related to the lymph nodes
sarcoidosis treatment. The cost of hospitalization of
sarcoidosis of lung was one of the highest (on aver-
age PLN 5,235.45, EUR 1,205.49), and it is worth to
notice that in Poland hospitalization of granulomas,
allergic and autoimmune pulmonary disease is related
with the highest cost of hospitalization in comparison
to the most frequent diseases (25). Additionally, the
cost of hospitalization was much higher than the cost
of outpatient treatment, which is basically associated
with the need to finance the simultaneous treatment
of co-morbidities and specialist treatment (16). Really,
1/3 of patients with pulmonary sarcoidosis visit a first-
time medical doctor with a significant delay (usually
half-yearly) in relation to early respiratory symptoms,
which causes an increasing cost of treating patients
with advanced disease (26). In the end, we should re-
fer to existing problems of health services financing
in Poland which are a consequence of insufficient ac-
cess to guaranteed services. According to the Watch
Health Care (WHC) report, the average waiting time
in 2017 was dependent on the medical specialization
(eg. dermatology needs 2.2 months, internal medi-
cine about 3.1 months, cardiology 5.0 months, and
ophthalmology 5.6 months) (27). This situation usu-
ally leads to transferring significant costs of diagnosis
and treatment to the house budget. It happens that
patients ignore symptoms, which ultimately results
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in the prolonged diagnostic process and increases the
cost of treatment. The matter seems to be important to
public health because the last EHCI rankings point to
the need for expected reforms in Poland in a range of
improvement in the availability and quality of health
services provided (28).

CoONCLUSIONS

Obtained results confirmed, that sarcoidosis in
the Silesian Voivodeship is rather a rare disease with
pulmonary sarcoidosis as a dominant clinical form
of the disease. The highest number of patients was
registered in adults aged 35-54 years, the frequency is
higher in men than woman. Significantly decrease of
the standardized incidence of sarcoidosis noticed be-
tween 2011 and 2015 is related to the observed lower
number of total cases of pulmonary disease, and the
picture is different than the previous observation reg-
istered in years 2006-2010. The average annual unit
cost of sarcoidosis hospitalization was significantly
higher than the cost of outpatient treatment.
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MILIARY SARCOIDOSIS: DOES IT EXIST? A CASE SERIES AND SYSTEMATIC
REVIEW OF LITERATURE

Srinivas Rajagopala’, Sakth: Sankarr’, Roopa Kancherla', Ramanathan Palaniappan Ramanathan’,
Devanand Balalakshmojr’
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ABSTRACT. Background and Objectives: Sarcoidosis typically presents with peribronchovascular and perilym-
phatic nodules on high-resolution computed tomography (HRCT); a miliary pattern is reported but not well
described. Design, setting: We describe four patients with miliary sarcoidosis and results of a systematic review
of all previously reported cases from 1985 onwards. Resu/ts: We identified only 27 cases of “miliary” sarcoidosis
in the HRCT era. These patients were older (85.2% older than 40 years), had more co-morbidities (72.7%) and
were symptomatic compared to “typical” sarcoidosis. Respiratory symptoms were present in 61.9% at diagnosis.
Hypercalcemia was seen in 28.5%. On review of HRCT images, only 34.6% (9/26) had a “true miliary” pattern
without fissural nodules. In our series, prominent perivascular granulomas were seen on histopathology in all.
44.4% (12/27) had tuberculosis preceding or concurrent to miliary sarcoidosis. Of the eight true associations,
tuberculosis preceded sarcoidosis by 52 (median, IQR 36) weeks in six and occurred concurrently in another two.
The diagnosis of tuberculosis was clinical in all with concurrent diagnosis of tuberculosis and sarcoidosis. Treat-
ment with steroids had 100% response and 14.2% relapse. Conclusions: A true miliary pattern in the HRCT era
is very rare in sarcoidosis and subtle perilymphatic pattern is nearly always seen; this should be labeled “pseudo-
miliary”. Prominent perivascular granulomas are associated with true miliary pattern. Miliary sarcoidosis pa-
tients are older and symptomatic, needing treatment at diagnosis. “Miliary” sarcoidosis may follow treatment
for tuberculosis; concurrent cases possibly indicate the difficulty in differentiating both or a “tuberculo-sarcoid”
presentation. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 53-65)

KEY worbs: sarcoidosis, miliary, micronodules, miliary tuberculosis

INTRODUCTION

Miliary sarcoidosis has been described as a rare
presentation of sarcoidosis and was reported in <1%
of all cases in the pre-computed tomography (CT)
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era on chest radiography (1). With the advent of
high-resolution-CT (HRCT), peribronchovascular
and perilymphatic nodules in relation to the sec-
ondary pulmonary lobule are recognized as classic
of sarcoidosis (2). However, random micronodules
(miliary pattern) have been described and sarcoidosis
is included in the differential diagnosis of a “miliary”
pattern on HRCT (3, 4). There are no well-described
series or systematic reviews of “miliary” sarcoidosis in
the high-resolution CT (HRCT) era. On the oth-
er hand, tuberculosis continues to be a global pan-
demic with an estimated 10 million cases worldwide

in 2016 (5). Miliary tuberculosis accounts for 1-2%
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of all cases of new cases of tuberculosis and 8% of
all extra-pulmonary tuberculosis (6). The relation-
ship between tuberculosis and sarcoidosis continues
to be enigmatic; tuberculosis can precede, follow or
present concurrently with sarcoidosis (7). In patients
with miliary tuberculosis, the clinical symptoms of
night sweats, weight loss and fatigue are non-specific
and overlap markedly with sarcoidosis. Respira-
tory symptoms are often minimal in either forms
of miliary disease and microbiological evidence of
M. tuberculosis is only present in 20-30% of miliary
tuberculosis (8). Sarcoidosis has a characteristic peri-
lymphatic pattern on histopathology and radiology
(2); the co-relation of random nodules seen on radi-
ology with pathology in “miliary” sarcoidosis is un-
clear. We describe a series of patients with miliary
sarcoidosis and the results of our systematic review
on miliary sarcoidosis in the HRCT era.

MATERIALS AND METHODS

We describe four patients with miliary nodules
and proven sarcoidosis that was managed in the au-
thors’ institution over three years and performed a
systematic search of literature for miliary sarcoidosis.

Systematic search of literature

Two of the authors (R.S and R.K) conducted
a systematic search of literature in PUBMED inde-
pendently using the MeSH term “miliary” AND “sar-
coidosis” limited to title/abstract and restricted the
search from the year 1985 onwards (9). The choice
of the year was defined by the first description of the
current HRCT protocols and detailed description.
This was further supplemented by search of IndMed
using the same terms, the references of retrieved ar-
ticles, our personal records and the Internet search
engine GOOGLE. These articles were screened
without blinding, by title and abstract review to
identify relevant studies. Any discrepancy was re-
solved by consensus. Full texts or abstracts were then
retrieved to identify the type of lung involvement in
reported cases with miliary sarcoidosis. Only those
articles that included patients with HRCT accord-
ing to established protocols (9), included representa-
tive images or detailed descriptions and had a his-
tological diagnosis compatible with sarcoidosis (10)

were included for analysis. For the purpose of this
systematic review, we included all descriptions that
were accepted as “miliary” in published cases but re-
analyzed the images independently. The diagnosis
of sarcoidosis was according to previous published

guidelines (10).
Data extraction

Data was abstracted from selected cases in a pre-
defined data extraction form (Supplementary Table).

Statistical analysis

Continuous data are presented as mean (stand-
ard deviation (SD), median [range or Interquartile
Range (IQR)] and categorical data as percentages
and proportions. All statistical analysis was done us-
ing the Statistical software SPSS Version 14.

Ethics

The Human Ethics Committee of PSG IMS&R,
Coimbatore, approved the study. All data was an-
onymized to maintain patient confidentiality.

CASE REPORTS
Case 1

A 65-year-old lady presented with cough, night
sweats and exertional breathlessness of two months’
duration. There was no history of weight loss or fe-
ver. Her past history was significant for hypertension
and non-productive cough two years before that was
evaluated at another center. CT had shown right
paratracheal and bilateral hilar lymphadenopathy
along with upper lobe-predominant micronodules.
Tuberculin skin testing was negative and endobron-
chial ultrasound-guided needle aspiration (EBUS-
FNA) and transbronchial lung biopsy (TBLB) were
performed. EBUS-FNA showed few non-caseating
granulomas and TBLB was non-contributory. A
presumptive diagnosis of tuberculosis was made and
four-drug anti-tuberculosis treatment (ATT) was
administered for six months with improvement in
cough. Examination was unremarkable during cur-
rent evaluation. There was no exposure to pets, drugs
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or occupational dusts. Chest radiography was nor-
mal. Spirometry was normal and diffusion capac-
ity showed mild reduction. HRCT showed profuse
random micronodules without lymphadenopathy
and an upper-lobe and peripheral predominance that
was visualized better with maximum intensity pro-
jection (MIP, Figure 1). Renal function tests, serum
calcium and angiotensin-converting enzyme (ACE)
levels were normal. Fibreoptic bronchoscopy (FOB)
was done with bronchoalveolar lavage (BAL) and

TBLB; BAL Fluid was negative for acid-fast ba-
cilli and Xpert MTB/RIF and TBLB showed inter-
stitial inflammation only. Surgical lung biopsy was
performed and showed extensive perivascular non-
caseating granulomas (Figure 2). BAL mycobacterial
cultures were subsequently reported as negative. She
was started on steroids with resolution in cough and
breathlessness by second month of treatment. She
remains asymptomatic and off steroids after one year
of treatment.

Fig. 1. Composite image of Maximal Intensity Projection images of high-resolution computed tomography (HRCT) of the thorax from
patient 1 showing upper-lobe and peripheral-predominant miliary micronodules

Fig. 2. Composite image of photomicrographs of surgical lung biopsy specimen of Patient 1 with left [Gross Pathological specimen, trans-
verse plane] showing subpleural sparing and (right, Hematoxylin and Eosin stain (H & E), x 4) showing peribronchial and perivascular
granulomas (arrow)
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Case 2

A 40-year old gentleman presented with polyu-
ria, fatigue and nausea of 20 days duration. There was
also history of unquantified weight loss and exertion-
al dyspnea. He did not smoke and did not raise pets,
abuse drugs or have exposure to occupational dusts.
Physical examination showed raised papulonodular
skin lesions over hands and legs. Renal function tests
showed serum creatinine of 2.65 mg/dL (normal <0.8
mg/dL); Urine microscopy showed 2+ albumin with
bland sediments. Hemoglobin was 10.9 g/dL with
normal leukocyte and platelet counts. Ultrasound
showed normal kidney size with preserved corti-
comedullary distinction. Chest radiographs showed
miliary nodules. Serum ionized calcium was 1.8 mg/
dL (normal 1.1-1.3 mg/dL) with suppressed para-
thyroid hormone (1.9 pg/mL, normal 15-65) and
normal vitamin D levels (23.6 ng/mL). ACE levels
were elevated (98 U/mL, normal 8-53). Tuberculin
skin testing was negative. CT-Chest showed random
micronodules without zonal preponderance and bi-
lateral hilar lymphadenopathy (Figure 3, left). FOB
was done with BAL and TBLB; BAL was negative
for acid-fast bacilli and Xpert MTB/RIF. TBLB
showed perivascular non-caseating granulomas with
Schaumann and asteroid bodies (Figure 4). Punch

biopsy of the skin also showed non-caseating granu-

lomas in the dermis. He was started on steroids with
resolution of hypercalcemia and normalization of re-
nal function. His subsequent course was complicated
by steroid-aggravated diabetes presenting with hy-
perosmolar coma; methotrexate was added and ster-
oids were tapered. He remained asymptomatic with
near-complete radiologic clearing (Figure 3, right)
after one year of stopping methotrexate but relapsed
by 18 months and remains on methotrexate.

Case 3

A 55-year old gentleman with moderately con-
trolled diabetes mellitus presented with exertional
breathlessness, cough, right-sided shoulder pain and
weight loss of one month’s duration. There was no
anorexia or expectoration. He was a farmer by occu-
pation and did not have exposure to poultry or occu-
pational dusts and chemicals. Physical examination
showed fine bilateral crepitations without clubbing.
Renal function tests, serum calcium, urine micros-
copy, ACE levels and hemogram were normal. Chest
radiographs showed miliary nodules (Figure 5, left).
Human Immunodeficiency virus was negative by
enzyme-linked sorbent assay. Tuberculin skin test-
ing was strongly positive (18 mm, 1 TU). CT-Chest
showed random micronodules without lymphad-

enopathy (Figure 6, left). FOB was done with BAL
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Fig. 3. Composite images of chest radiography of patient 2 showing miliary nodules (left) and HRCT images (major fissure level) showing
upper lobe-predominant random nodules. No involvement of the fissure or “beading” of the fissure is seen
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Fig. 4. Composite image of Photomicrographs of lung biopsy sample of Patient 2 with left, [Hematoxylin and Eosin stain (H & E), x scan-
ner power] showing multiple non-necrotizing perivascular granulomas, and right, [H & E stain, x 40) showing a Schaumann body within a
giant cell (arrow)

Fig. 5. Composite image of the Chest Radiographs of Patient 3 at initial evaluation (left) showing extensive miliary nodules. Subsequent
Chest radiograph (right) after six weeks of anti-tuberculosis treatment alone show profusion of nodules with diffuse ground-glass opacifica-
tion. Worsening hypoxemia was clinically noted

and TBLB; BAL was negative for acid-fast bacilli ming (Figure 6, right). A diagnosis of miliary tuber-
and Xpert MTB/RIF. TBLB showed well-formed culosis was made and four-drug weight-based ATT
perivascular granulomas with Langhans’ giant cells, was started. However, his symptoms continued to
occasional fibrinoid necrosis and lymphocytes rim- worsen with worsening nodules and development
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Fig. 6. Composite image of the HRCT image of Patient 3 at the level of major fissure during worsening hypoxemia corresponding to right-
side of Figure 5 (left), showing random nodules with fissural prominence, with beading in both oblique fissures; some interlobular septal
thickening and diffuse ground glass opacity can be seen and right, (Hematoxylin and Eosin stain, x 40) showing a non-necrotizing granuloma

with peripheral lymphocyte cuffing

of hypoxemia needing oxygen at four weeks (Figure
5, right). BAL mycobacterial cultures were negative
in the meantime. Steroids were added with a pre-
sumptive diagnosis of immune reconstitution syn-
drome, with resolution of hypoxemia and symptoms.
Symptoms recurred after stopping steroids at four
weeks; right-sided vision loss due to uveitis occurred.
After a clinico-pathological review, a possibility of
concurrent miliary tuberculosis with sarcoidosis was
considered. ATT was continued and low-dose ta-
pering steroids and methotrexate (in view of poor-
ly controlled diabetes) were added, with complete
resolution of symptoms by eight weeks. He remains
asymptomatic after two years of cessation of ATT
and methotrexate.

Case 4

A 48-year-old gentleman presented with fatigue
for two weeks. There was no history of night sweats,
weight loss or fever. He did not smoke, did not raise
pets, abuse alcohol or drugs and did not report expo-
sure to occupational dusts. Physical examination was
normal. Renal function tests, urine microscopy and
hemogram were normal. Serum calcium was elevat-
ed (1.43 mg/dL, normal 1.1-1.3). Chest radiographs
showed miliary nodules (Figure 7, left). ACE levels
were elevated (76 U/mL, normal 8-53). Tuberculin
skin testing was negative. CT-Chest showed upper

lobe predominant random micronodules and lower-
lobe interlobular septal thickening (Figure 8, left &
right). FOB was done with BAL and TBLB; BAL
was negative for mycobacterial cultures and Xpert
MTB/RIF. TBLB showed prominent perivascular
non-necrotizing epitheloid granulomas with asteroid
bodies (Figure 7, right). A diagnosis of miliary sar-
coidosis was made and steroids were initiated. His
symptoms and hypercalcemia resolved by four weeks
and steroids were tapered over the next nine months.
He remains asymptomatic on follow-up.

RESULTS OF THE SYSTEMATIC SEARCH

Our systematic search identified 27 reports of
miliary sarcoidosis in 21 reports (3, 11-30); this in-
cluded 16 men and 9 women (Table 1, supplementary
Table). This cohort of “miliary sarcoidosis” was older,
was mostly symptomatic and had high co-morbidity
burden. The mean age of the included patients was
47.5+13.2 years; 85.2% were older than 40 years.
72.7% reported at least one associated co-morbidity
(11,12, 16, 18, 21, 27, 30).

The median time to presentation was 8 (IQR
12) weeks. The majority had symptoms at the time
of presentation (90.9%, 20/22); only two patients
recognized by surveillance transbronchial lung bi-
opsies post-lung transplantation were asymptomatic
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Fig. 7. Composite image of chest radiography images (left) of Patient 4 showing miliary nodules at diagnosis and photomicrographs of the
lung biopsy specimen [right, Hematoxylin and Eosin stain (H & E) x 4] showing multiple perivascular granulomas (arrow)

Fig. 8. Composite image of the HRCT image of Patient 4 showing (left, upper lobes) random nodules with perilymphatic predominance,
beading of the right oblique fissure and perivascular nodules and (right, lower lobes) marked interlobular septal thickening in the lower lobes
associated with random nodules

at diagnosis (11, 12). Respiratory symptoms, how-
ever, were present in 63.6% only at diagnosis (13, 14,
16, 20, 21, 23-25, 28-30). In those with respiratory
symptoms, breathlessness and cough were present
in less than 50% (45.4%). Fever (27.3%) (13, 21-23,
29), night sweats (11.1%) (22, 27) and weight loss
(22.7%)(18, 22, 27) were all seen in a significant per-
centage at diagnosis.

Symptomatic multi-systemic disease in associa-
tion with miliary sarcoidosis was seen in 36.4%.(17,
19, 20, 23, 30) Hypercalcemia was seen in 27.3% (19,
20, 23, 27) and acute kidney injury was seen in 9.1%
(19) at diagnosis. None needed dialysis but chronic
kidney disease occurred in association with nephro-
calcinosis (19). Ocular (13.6%, 3/22) involvement
(25), bone (4.5%, 1/22) disease (17), sicca syndrome
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Table 1. Summary of clinical features of all reported cases of thoracic sarcoidosis with miliary nodules on High-resolution Computed To-

mography (N=27) ¢

Characteristic Description
Age, Mean = S.D, N=24 47.5+13.2 years; Age >40 years 85.2%
Gender (Male: Female), N=25 16:9

In those >40 years, Male: Females O.R 0.26, p=1.00 (61.9% vs 75%)

Country of description

India (10/26), United States (7/26), Greece (5/26), Japan (3/26), Germany
(1/26)

Symptoms at presentation

Any symptoms, N=22

None, asymptomatic (9.1%, 2/22)

Symptom duration prior 1:? presentation, Median, IQR 8, (12) weeks
=19
Symptoms Any respiratory symptom (63.6%, 14/22)
Dyspnea (45.4%, 10/22), cough (45.4%, 10/22)
Fatigue (30.4%, 7/23), fever (27.3%, 6/22), weight loss (22.7%, 5/22), night
sweats (11.1%, 3/22)
Acute kidney injury 9.1%, 2/22
Hypercalcemia 27.3%, 6/22
Co-morbidities, N=22 Any 72.7% (16/22)

Smoking (18.2%, 4/22), diabetes (13.6%, 3/22), hypertension (18.2%, 4/22),
lung transplantation (9.1%, 2/22), dust exposure (13.6%, 3/22)

Symptomatic disseminated sarcoidosis

8/22 (36.4%)

Other site involvement

Ocular (13.6%, 3/22), pleural effusion (9.1%, 2/22), bone (4.5%, 1/22), sicca
syndrome (4.5%, 1/22), pancreas (4.5%, 1/22)

Radiological findings (N=26)

True miliary pattern on HRCT

17/26 (65.4%) only

Perilymphatic nodules on HRCT in miliary CT

8/17 (47.1%); Truly random nodules total 9/26 (34.6%)

Zonal predominance seen

Upper & middle (7/26, 26.9%), central (7.7%, 2/26), peripheral (19.2%,

5/26)
Fissural nodules 65.4% (17/26)
Peripheral subpleural predominance 69.2% (18/26)

Interlobular septal thickening

23.1% (6/26)

Intralobular septal thickening

11.5% (3/26)

Ground glass opacity 11.5% (3/26)
Mediastinal adenopathy | Yes (50%, 13/26); Right paratracheal (23.1%, 6/23), bilateral hilar (23.1%,
9/23), others (8.7%, 2/23)
Generalized lymphadenopathy 8.7% (2/23)
Steroid treatment Yes 21/22 (95.2%), Response 100% (21/21)
Relapse 14.2% (3/21)

Tuberculosis and miliary sarcoidosis

Both tuberculosis and sarcoidosis

Both tuberculosis and sarcoidosis 44.4% (12/27)

Definite or probable tuberculosis followed by sarcoidosis 29.7% (8/27)

Probable misdiagnosis of tuberculosis 33.3%, (4/12)

Microbiologically proven 37.5% (3/8) of all cases only

Sequential (87.5%, 7/8), concurrent (25%, 2/8)°°

(continued on next page)
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Characteristic

Description

Time to sequential miliary sarcoidosis in those with

tuberculosis preceding sarcoidosis, (Median, IQR) N=7

52 (36) weeks

Site of tuberculosis

Pulmonary 87.5% (7/8), spinal 12.5% (1/8)

Yield of TBLB, N=21

85.7% (18/21)

Miliary tuberculosis preceding or concurrent with miliary
sarcoidosis

5/8 (62.5%), 2/5 with miliary TB preceding miliary sarcoidosis

ATT-induced hepatitis

2/8 (25%)

Abbreviations: S.D standard deviation, IQR Inter-quartile range, HRCT High-resolution Computed Tomography, TBLB transbronchial

lung biopsy, AT'T Anti-tuberculosis treatment

©®One patient had both sequential and concurrent diagnosis of tuberculosis and sarcoidosis

(4.5%, 1/22) (20) and pancreatic mass (4.5%, 1/22)
(28) were the other manifestations seen. Pleural effu-
sion was seen in association in 9.1% (2/22) (24, 28).

On review of the HRCT images, a “true mil-
iary” pattern was seen in 65.4% (17/26) of the re-
ported cases only. In these cases, fissural nodules and
prominence could still be seen in 47.1% (8/17); only
34.6% (9/26) of reported cases could be classified as
random micronodules on radiologic review (12-14,
17, 18, 24, 26, 28, 30). An upper and middle lobe
distribution of nodules (11-13, 15, 16, 25-27) was
seen in 26.9% (7/26) and a peripheral distribution
was seen in 69.2% (11, 12, 15, 24, 28). Perilymphatic
clustering of nodules (3, 11-18, 22, 24-26, 28) or a
perivascular dominance (3, 13, 15, 19, 22, 26-28) of
nodules was seen in 65.4% and 42.3% respectively.
Interlobular septal thickening, often lower-lobe in
distribution, was seen in 23.1% (Table 1) (12, 14, 15,
18). Mediastinal adenopathy was observed in 50% in
association with micronodules and generalized sys-
temic lymphadenopathy was seen in 8.7% of patients
(19, 20).

44.4% (12/26) of the reported patients had tu-
berculosis preceding or concurrent to the diagnosis
of miliary sarcoidosis (13-17, 20-22, 29). In four of
these patients, this was likely a misdiagnosis (13, 14,
30). In eight patients, tuberculosis occurred preced-
ing (15-17, 21, 22) sarcoidosis in six (62.5%), con-
currently in one (37.5%) (29) and both in one (23).
In those with tuberculosis preceding sarcoidosis, a
microbiological confirmation was made in 42.9%
(15-17, 22); Others were diagnosed based on pa-
thology and clinical response (21). In patients with
concurrent diagnosis of tuberculosis and sarcoidosis,

the diagnosis of tuberculosis was clinical in all; in
all these patients, clinical and pathological findings,
including caseous necrosis, were consistent with tu-
berculosis but clinical resolution occurred on initia-
tion of steroids only (23, 29). The time to subsequent
diagnosis of miliary sarcoidosis after treatment for
tuberculosis was a median of 52 (IQR, 36) weeks.
Miliary tuberculosis followed or concurrent with
miliary sarcoidosis was reported in four patients (Ta-
ble 2) (15, 16, 23, 29).

TBLB was the most common modality used for
diagnosis and was reported as diagnostic in 85.7%.
As most patients were symptomatic, treatment with
steroids was offered in 95.2%, with 100% response.
Methotrexate was administered in two patients for
steroid-related severe adverse effects, with good re-
sponse in both. Three patients (14.2%) relapsed after
steroid taper; prompt response was noted on re-insti-
tution without further relapse.(21)

Discussion

The description of “miliary” refers to small, well-
defined, 1 to 3 mm nodules on chest radiography and
is derived from Latin miliarius, meaning millet seed
(8). This pattern implies hematogenous dissemina-
tion of disease and is classically associated with he-
matogenous spread of tuberculosis, fungal infections
and malignancy (31). However, more than 40 dis-
eases have been associated with this pattern on chest
radiography (Table 2). The importance of quickly
establishing the diagnosis, especially in high preva-
lence areas of tuberculosis, is that miliary tuberculo-
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Table 2. Reported causes of miliary nodules on High-resolution Computed Tomography

Classification Cause of miliary Nodules Site of micronodules in SPL

Infectious Mycobacterium tuberculosis Random
Disseminated Bacillus-Calmette-Guerin infection Random

Bacterial: Mycoplasma pneumoniae, Hemophilus influenzae Centrilobular
Fungal: Histoplasmosis, Coccidioidomycosis, hematogenous Candida infection Random

Viral: Varicella-zoster, cytomegalovirus Centrilobular

Parasitic: Tropical pulmonary eosinophilia Centrilobular

Immunologic Pneumoconiosis: Silicosis Perilymphatic

Pneumoconiosis: Coal worker’s pneumoconiosis Perilymphatic

Hypersensitivity pneumonitis Centrilobular

Sarcoidosis Perilymphatic

Idiopathic pulmonary hemosiderosis Centrilobular

Pulmonary alveolar microlithiasis Centrilobular

Diffuse panbronchiolitis Centrilobular

Allergic bronchopulmonary aspergillosis Centrilobular

Malignancy Secondaries from bronchogenic carcinoma Perilymphatic
Others: melanoma, papillary thyroid carcinoma, renal, breast, Trophoblastic Random

tumor, osteosarcoma

Pulmonary Langerhans’ cell histiocytosis Random
Metastasizing leimyoma Random

Lymphoma Perilymphatic

Substance abuse Excipient lung disease Centrilobular

Abbreviations: SPL secondary pulmonary lobule

Table 3. High-resolution computed tomography findings in Thoracic Sarcoidosis (Modified from Criado et al)

Typical features
Lymphadenopathy Site (hilar, right paratracheal), bilateral, symmetrical, well defined. May show “cluster of black pearls” sign.
If calcified, patchy or egg-shell
Nodules Micronodules 2-4 mm, bilateral, well-defined, upper and middle zone and peri-hilar predominant. Peri-

bronchovascular, subpleural, interlobular septal (peri-lymphangitic pattern)

Fibrotic changes

Interlobular septal thickening, Reticular opacities, architectural distortion, traction bronchiectasis

ground-glass opacities

Atypical features
Lymphadenopathy Unilateral, isolated, anterior or posterior mediastinal
Nodules Miliary
Lower-lobe predominant, unilateral, “Halo” sign or “Atoll” sign
Consolidation Mass-like opacities, conglomerate masses, solitary pulmonary nodules, confluent alveolar opacities and

Linear opacities

Intra-lobular septal thickening

Airway

Mosaic attenuation, trachea-bronchial abnormalities, atelectasis

Pleural

Effusion, chylothorax, pneumothorax, pleural thickening, calcification, plaque-like lesions
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sis is the most common cause, has 25-30% mortality
in adults and is invariably fatal if untreated (8).

The finding of a miliary pattern on chest radio-
graphs was noted in early roentgenologic series of
thoracic sarcoidosis; 1.3% (2/150) had “miliary” dis-
ease (1). Thoracic sarcoidosis has been reported to
have several typical and atypical findings on HRCT;
miliary is classified as an atypical finding (Table 3)
(3). The description of micronodules by their distri-
bution in relation to the “secondary pulmonary lob-
ule” on HRCT along with the clarity of margins and
attenuation further helps in narrowing the differen-
tial diagnosis of diffuse pulmonary micronodules.
Micronodules can be accurately classified as having
a centrilobular, perilymphatic or random distribution
with their characteristic disease associations (Table
2) (4). Miliary nodules have a random distribution
and can be seen in relation to pleural surfaces, small
vessels and interlobular septa but do not have a con-
sistent or predominant relationship to any of these
(31). Given the reported prevalence of sarcoidosis
varies from 4.5-36 per 100,000, the very small num-
ber of cases of “miliary” sarcoidosis reported in lit-
erature in the HRCT era (Table 1) suggests that this
is a very rare occurrence. Most series of computed
tomographic findings in sarcoidosis and a review on
atypical findings in thoracic sarcoidosis did not re-
port “miliary” sarcoidosis (32, 33).

Our systematic review suggests that this small
reported number is an overestimate as a true miliary
pattern was seen only in 34.6% (9/26) of the pub-
lished cases of “miliary” sarcoidosis; and subtle peri-
lymphatic pattern is nearly always seen and the term
“pseudo-miliary” may be more appropriate. Distinct
perilymphatic clustering of nodules or a perivascular
dominance of nodules was seen in 65.4% and 42.3%;
fissural nodules leading to the “beaded fissure sign”
was prominent and seen in 65.4% of cases. Further,
unlike true miliary nodules that lack any zonal pre-
dominance, an upper lobe and peripheral clustering
was seen in 30.8% and 19.2% respectively. In all our
patients with random micronodules, we observed a
prominent perivascular distribution of micronodules
on histopathology (Figures 2, 4, 6 and 8); two of
these had associated “beaded fissure sign” on HRCT.
Pathologically, sarcoidosis causes perilymphatic
clustering of granulomas; hematogenous or airway
spread has not been postulated (34). Profuse cluster-
ing of micronodules along the centrilobular and peri-

lymphatic compartments gives rise to an appearance
of random nodules in the majority with a “pseudo-
miliary” appearance. In the few patients with a true
random pattern, prominent perivascular granulomas
or drainage into the pulmonary lymphatics and sub-
sequent dissemination by hematogenous route could
be postulated.

The link between mycobacteria and sarcoidosis
continues to be an enigma (7, 35). In the original de-
scriptions, about 5% of sarcoidosis had tuberculosis
preceding them. Polymerase chain reaction analyses
of lung biopsies of sarcoidosis have shown mycobac-
terial DNA in 26.4%.(35) Tuberculosis may present
concurrently and confound the diagnosis and man-
agement of these patients (23, 36, 37). It has been
hypothesized that the immunological responses in
sarcoidosis are analogous to “tuberculoid” or “pau-
ci-bacillary” leprosy (38); persisting immunological
responses to mycobacterial antigen can explain the
extraordinarily high rates of tuberculosis preceding
the diagnosis of pseudo-miliary sarcoidosis in the
present systematic review.

The diagnosis of sarcoidosis rests on a constel-
lation of clinical, radiological, histopathological and
laboratory findings (39). Constitutional features in-
cluding significant weight loss can occur in up to
25% of patients (Table 2). Fibrinoid necrosis and
rarely, caseation can occur in sarcoidosis on histopa-
thology (40, 41). Caseation may sometimes be absent
in tuberculosis (41). Radiology can help in the differ-
entiation of sarcoidosis from tuberculosis (26). The
presence of hypercalcemia, skin involvement, nega-
tive tuberculin skin-testing, upper and middle-lobe
distribution of nodules, a peripheral distribution of
nodules when present and interlobular septal thick-
ening all point to the diagnosis of “pseudo-miliary”
sarcoidosis alone (42). However, sarcoidosis can
precede, occur concurrent with or follow tuberculo-
sis and differentiating tuberculosis from sarcoidosis
remains a major challenge, especially in high preva-
lence areas of tuberculosis (43, 44). When the con-
stellation of findings are non-conclusive, a trial of
anti-tuberculosis treatment is appropriate in high
prevalence areas given the very small number of true
miliary sarcoidosis reported in literature. Steroids
could be added when there is no clear response at
4-6 weeks (39, 43).
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CoNCLUSION

A true miliary pattern in the HRCT era is very

rare in sarcoidosis and subtle perilymphatic pattern
is nearly always seen; this pattern should be labeled
“pseudo-miliary”. Prominent perivascular granulo-
mas are associated with true miliary pattern. Miliary
sarcoidosis patients are older and symptomatic and
mostly need treatment at diagnosis. “Miliary” sar-
coidosis may follow treatment for tuberculosis; con-
current cases possibly indicate difficulty in diagnosis
or a “tuberculo-sarcoid” presentation. Transbronchial
lung biopsy had a good yield for diagnosis. Most pa-
tients were symptomatic and treated with steroids,

with 100% response and 14.4% relapse.
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ABSTRACT. Background: Sarcoidosis is a multisystem and granulomatous disease associated with impaired func-
tional capacity as a result of pulmonary and cardiac involvement. Factors adversely effecting functional capac-
ity in patients with sarcoidosis have not been systematically assessed including myocardial strain imaging on
echocardiography which enable to diagnose subclinical cardiac dysfunction. We aimed to evaluate the effect
of left and right ventricular global longitudinal strain (GLS) on submaximal exercise capacity in patients with
sarcoidosis who do not have clinically manifest cardiac involvement. Methods: Extracardiac biopsy proven 56
patients with sarcoidosis and 26 controls were included consecutively. Submaximal exercise capacity of the sub-
jects was assessed with six-minute walk test (6 MWT). Pulmonary function tests and standard transthoracic
and two-dimensional speckle tracking echocardiography were performed to the all subjects. Linear regression
analysis was performed to find independent predictors of 6 MWT. Results: Fifty-six patients (18% male) with
a mean age of 52.5 + 10.7 years were included. Patients with sarcoidosis had low 6 MWT performance and
higher New York Heart Association classes and NT-proBNP levels. There were no significant differences be-
tween controls and patients with sarcoidosis in parameters of pulmonary function test. Biventricular GLS levels
and biatrial reservoir and conduit function values were lower and systolic pulmonary artery pressure (SPAP) was
significantly higher in patients with sarcoidosis as compared with controls. Older age and higher SPAP were
found as independent predictors of poor 6 MW performance. Conclusion: Although biventricular GLS levels
were lower in the patients with sarcoidosis, only age and SPAP elevations were independent predictors of the
submaximal exercise capacity. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 63-73)

Key worbps: global longitudinal strain, sarcoidosis, six-minute walk test, two-dimensional speckle tracking
echocardiography, pulmonary hypertension

INTRODUCTION nodes. Despite the unknown etiology, sarcoidosis

stems from interaction of genetic and environmen-

Sarcoidosis is a multisystem and granuloma-
tous disease primarily effecting the lungs and lymph
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tal factors (1-3). Although sarcoidosis often has good
prognosis, coexistence of pulmonary and cardiac in-
volvement and pulmonary hypertension (PHT) can
deteriorate the clinical course. Cardiac manifesta-
tions of sarcoidosis are silent disease, heart block,
ventricular tachycardia and dilated or hypertrophic
cardiomyopathy. Clinically overt cardiac involvement
occurs in 5% of patients in sarcoidosis. In addition,
25-30% of patients with sarcoidosis have asympto-
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matic cardiac involvement shown in autopsy series
and newer imaging studies (4, 5). Several studies have
used the myocardial strain imaging to detect asymp-
tomatic cardiac involvement earlier (6-10). However,
their prognostic roles need to be further clarified.

The six-minute walk test (6 MWT) is a sim-
ple, inexpensive and reproducible test to quantify the
submaximal exercise capacity (11-14). Recent studies
have shown that several factors are associated with
poor 6 MWT performance including gender, forced
vital capacity (FVC) or forced expiratory volume in 1
second (FEV1) and systolic pulmonary artery pres-
sure (SPAP) (15-18). However, no previous study
has examined the relationship between subclinical
cardiac dysfunction determined by two-dimensional
(2D) speckle tracking echocardiography (STE) and
6 MWT performance in patients with sarcoidosis.

The aim of this study is to evaluate whether bi-
ventricular functions determined by 2D STE con-
tribute to impaired submaximal exercise capacity
quantified by six-minute walk distance (6 MWD) in
patients with sarcoidosis.

MATERIALS AND METHODS
Study population

60 patients with biopsy proven extracardiac sar-
coidosis were enrolled into the study. A comprehen-
sive transthoracic echocardiography was performed
to all study patients for evaluation cardiac functions.
Patients who have impaired left ventricular (LV)
function (ejection fraction < 50%), poor echogenicity,
moderate to severe valvular pathology, history of cor-
onary artery disease, diagnosis of malignancy, admin-
istration of chemotherapy, musculoskeletal disorders
effecting 6 MW performance were excluded from
the study. One patient had impaired LV function,
one patient had poor echogenicity, one patient had
aortic valve prosthesis and one patient had history of
coronary artery disease. Moreover, demographically
similar 26 subjects were included as control group.

Measurements
Clinical data including history of systemic hy-

pertension or diabetes, organs involvement, dura-
tion of illness, steroid usage, New York Heart As-

sociation (NYHA) functional class, radiological
stages (according to chest radiography) and results
of pulmonary function testing, were recorded for all
patients. Pulmonary function parameters were meas-
ured according to American Thoracic Society (ATS)
and European Respiratory Society recommendations
(19). The 6 MWT was conducted in accordance with
ATS guidelines (20). Pulse oximetry saturations were
recorded at the beginning and the end of the test.
The total walking distances were recorded at the end
of the test.

Standard and 2D Speckle Tracking Echocardiography

A detailed transthoracic examination was
performed using a commercially available system
(Epiq 7, Philips Healthcare, Andover, MA, USA)
equipped with a 3.5 mHz (S5-1) transducer. Images
which have three cardiac cycles were digitally stored
for offline analysis (Xcelera, Philips). Conventional
left and right ventricular echocardiographic param-
eters were measured according to the standard rec-
ommendations (21). LV ejection fraction (EF) was
calculated using the modified Simpsons biplane
method (21). The LV mass was calculated by the for-
mula recommended by the guidelines (21). Tricuspid
annular plane systolic excursion (TAPSE), right ven-
tricular (RV) fractional area change (FAC) and the
lateral side tricuspid annular peak systolic velocity
(S’) were measured. RV free wall thickness was also
measured according to guideline recommendations
(21). Systolic pulmonary artery pressure (SPAP) was
calculated using tricuspid valve regurgitation jet and
estimated right atrial pressure by inferior vena cava
size and collapsibility (21). LV diastolic function was
assessed by transmitral inflow pulse-wave Doppler
velocities and the lateral side of the mitral annular
tissue Doppler velocities (22).

Myocardial strain analysis was performed to the
all subjects as described previously (23-24). Apical
(four-chamber, three-chamber and two-chamber
views) and parasternal short-axis (the level of the
base, papillary muscles, and apex) views were used to
measure LV longitudinal and circumferential strain.
End-systole has been accepted as aortic valve closure.
End-diastolic regions of interest were traced on the
endocardial cavity and the software tracked the bor-
der automatically. RV-focused apical four-chamber
view were used for RV strain analyses. Longitudi-
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nal strain values of basal, mid, and apical segments
of RV free wall were measured. The average of RV
free wall longitudinal strain values was accepted as
RV global longitudinal strain (RV GLS). For the left
atrial (LA) and right atrial (RA) strain analyses, api-
cal four-chamber view were used. The value of peak
early and late diastolic longitudinal strain was deter-
mined as LA and RA reservoir and conduit func-
tion. For interobserver and intraobserver variability,
10 patients were selected at random, measurements
were reanalyzed by the same and another operator.
The interobserver and intraobserver variabilities were
5.4 and 5.8 %, respectively in our study.

Statistical Analysis

Data were analyzed using SPSS for Windows
(Version 16.0; SPSS, Chicago, IL). One-sample
Kolmogorov-Smirnov test was used to assess the dis-
tribution of continuous variables. Normal distributed
data were presented as mean + SD, whereas variables
not displaying normal distribution were presented as
median with interquartile range. Categorical vari-
ables were summarized as percentages. For continu-
ous variables, normal distributed parameters were
compared by T-test, otherwise comparison was done
by Mann-Whitney U-test. Categorical variables were
compared by x*test. Linear regression analyses were
then performed to assess the independent correlates
6 MWD in the patient population. To estimate the
significant correlated parameters Pearson correlation
test were used. Then LV GLS, RV GLS, body mass
index (BMI), E/e’ ratio, age, SPAP, FVC and TAPSE
were added into the multivariate analysis. P values <
0.05 were accepted significant.

REesuLTs

Data from 56 patients with sarcoidosis and 26
demographically similar controls were used in the
analysis. Radiological stage, organ involvement,
NYHA class of the patients with sarcoidosis were
shown in Table 1. The median duration of the illness
of patients with sarcoidosis was 4.0 (4.75) years and
22 (39.3%) of all patients were receiving steroid ther-
apy. There were no differences between patients and
controls regarding the prevalence of major comor-
bidities including diabetes, hypertension and smok-

Table 1. Baseline characteristics of the patients with sarcoidosis*

Radiological stage n (%)
0 2 (3.5%)
1 19 (33.9%)
2 24 (42.9%)
3 6 (10.7%)
4 3 (5.4%)
Organ involvement
Pulmonary 54 (96.4%)
Skin 10 (17.8%)
Eye 5 (8.9%)
Neurologic 1(1.8%)
NYHA functional class
1 38 (67.8%)
2 10 (17.8%)
3 5 (8.9%)
4 3(5.3%)

NYHA: New York Heart Association Functional Classification
* Numerical variables are displayed as mean * standard deviation
and categorical variables are displayed as percentages

ing (Table 2). There were also no differences between
patients and controls in terms of pulmonary function
test parameters (Table 2). The submaximal exercise
capacity quantified by 6 MWD was significantly
lower in patients with sarcoidosis. Although before
and after test oxygen saturation levels were lower
in patients, there were no significant differences for
oxygen demand between patients and controls (Table
2). Patients with sarcoidosis had high NT-proBNP
and uric acid levels (Table 2).

Between patients with sarcoidosis and controls,
there were no differences regarding LV systolic func-
tions (Table 3). However, LV diastolic function pa-
rameters such as mitral E/A ratio and transmitral E-
wave DT were impaired in patients with sarcoidosis
(Table 3). As shown, patients with sarcoidosis had
significantly higher SPAP values, RV free wall thick-
nesses and lower TAPSE and RV FAC values (Table
3).

Table 4 shows the comparison of speckle track-
ing parameters between the two groups. Biventricu-
lar strain values were significantly lower in patients
with sarcoidosis than in controls. LA and RA both
reservoir and conduit functions were also significant-
ly lower in sarcoidosis patients than controls.
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Table 2. Demographic characteristics, cardiovascular risk factors and laboratory findings of the patients with sarcoidosis and controls*

Patients with sarcoidosis Controls P value
n=>56 n =26

Age (years) 52.5£10.7 48.8+7.1 0.114
Gender male (n) (%) 10 (17.9) 6 (23.1) 0.565
BMI (kg/m2) 302+5.2 282+44 0.095
Hypertension (n) (%) 11 (19.6) 2(7.7) 0.209
Diabetes (n) (%) 12 (19.6) 2(7.7) 0.206
Smokers (n) (%) 6 (10.7) 7 (26.9) 0.101
NT-proBNP (pg/ml) 80.1 (223) 27.3 (49.8) <0.001
Uric acid (mg/dl) 53+16 4212 0.003
Creatinine (mg/dl) 0.75+0.3 0.7+0.1 0.317
Hemoglobin (gr/dl) 13.2+1.7 13.3+1.2 0.681
6 MWD (m) 425 + 88.6 501.9 + 48.9 <0.001
Before test O? saturation (%) 96.8 £ 3.3 98.6 + 0.6 0.009
After test O saturation (%) 96.6 + 4.5 98,8+ 0.5 0.018
O?demand 3(5.4) - 0.548
FEV 1 (%) 91.1£20.2 98.3+8.9 0.08
FVC (%) 94.1+21.1 98.9 +11.7 0.28
FEV1/FVC ratio 0.97 £0.1 1.0+0.1 0.157

6 MWD: six-minute walk distance; BMI: Body mass index; FEV 1: Forced expiratory volume in 1 second; FVC: Forced vital capacity; NT-proBNP:

N terminal probrain natriuretic peptide; O°: Oxygen.

* Numerical variables are displayed as mean * standard deviation and categorical variables are displayed as percentages

Independent predictors of 6 MWD were evalu-
ated using linear regression analyses. Regression
model included age, BMI, FVC, LV GLS, RV GLS,
E/e’ ratio, SPAP and TAPSE. Older age (beta coefhi-
cient -0.20, %95 CI for B -3.5 - 0.079, p = 0.04) and
higher SPAP (beta coeflicient -0.28, %95 CI for B
-4.7-0.45, p = 0.018) were found to be independent
predictors of low 6 MWD (Table 5).

Discussion

In this study, we demonstrated that the sub-
maximal exercise capacity as assessed by 6 MWT
was significantly reduced in patients with sarcoidosis
compared with control population. Even in the ab-
sence of clinically overt cardiac dysfunction, biven-
tricular and atrial functions as assessed by STE were
significantly impaired in patients with sarcoidosis.
Moreover, SPAP values were significantly increased

in patients with sarcoidosis despite the fact that there
were no differences between patients with sarcoido-
sis and controls regarding pulmonary function tests.
Finally, LV GLS and RV GLS were not independent
predictors of 6 MWD in patients with sarcoidosis.

Recent studies have shown that several factors
are associated with poor 6 MW'T performance in pa-
tients with sarcoidosis (15-18). However, no previous
study has examined the relationship between sub-
clinical cardiac dysfunction using myocardial strain
imaging and poor functional capacity. To the best of
our knowledge this is the first study using STE to
evaluate independent predictors of low 6 MWD in
patients with sarcoidosis.

Previous studies have suggested that several pa-
rameters were associated independently with low 6
MWD. Almahad et al. demonstrated that FEV1 was
an independent parameter of low 6 MWD (25). In
same study, SPAP values measured by transthoracic
echocardiography (TTE) were correlated with 6
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Table 3. Conventional transthoracic echocardiographic findings of the patients with sarcoidosis and controls*

Patients with sarcoidosis Controls P value
n=>56 n =26

LVEDD (mm) 45.0 + 4.7 44.5+3.9 0.59
LVESD (mm) 289+58 27639 0.31
LV EF (%) 64.5+8.8 66.5+5.5 0.28
RV basal diameter (mm) 30.2+3.7 293 +4.0 0.32
RV/LV ratio 0.72 £0.7 0.73 £ 0.7 0,66
LA diameter (mm) 33.7+3.4 32.6 +3.4 0.16
LAA (cm?) 15.2+3.5 14.6 £ 2.6 0.48
RAA (cm?) 12.9+2.7 12.5+2.4 0.48
Septum (mm) 10.0+1.4 102 +1 0.54
PW (mm) 95+1.1 9.7+1.0 0.48
LV mass (gr) 149.4 + 36.2 147.7 £ 28.9 0.83
RV wall thickness (mm) 49+09 43+0.4 0.007
Tranmitral E velocity (cm/sec) 0.8+0.2 0.8+0.1 0.59
Transmitral A velocity (cm/sec) 0.8+0.2 0.7+0.1 0.18
Transmitral E-wave DT (msec) 199.3 + 40.9 178.9 +24.9 0.022
Transmitral E/A ratio 1.0+£0.3 1.2+0.3 0.049
Mitral lateral E’ (cm/sec) 11.2+3.7 13.0£3.5 0.03
Mitral lateral A’ (cm/sec) 10.8 £ 2.4 11.0+£3.0 0.747
Mitral lateral S’ (cm/sec) 10.7 £ 2.9 10.6 £ 2.2 0.925
E/E’ ratio (cm/sec) 7529 6.4+1.6 0.079
Tricuspid lateral S’ (cm/sec) 13.0+2.4 13.9+2.2 0.09
TAPSE (cm) 229+ 4 25.5+3.4 0.005
RV FAC (%) 454+89 56.6 7.9 <0.001
SPAP (mm Hg) 25.9+9.5 18.8+5.8 <0.001

DT: Deceleration time; FAC: Fractional area change; LA: Left atrium; LAA: Left atrium area; LV: Left ventricular; LVEDD: LV end-diastolic
diameter; LVESD: LV end-systolic diameter; PW: Posterior wall; RAA: Right atrium area; RV: Right ventricular; SPAP: Systolic pulmonary artery
pressure; TAPSE: Tricuspid annular plane systolic excursion.
* Numerical variables are displayed as mean + standard deviation and categorical variables are displayed as percentages

MWD but not an independent predictor. In our study,
we found that SPAP was an independent predictor for
poor submaximal exercise capacity. In another study
by Mirsaeidi et al. SPAP, BNP and DLCO had corre-
lation with 6 MWD (6). Both of these studies had no
control group and did not use STE parameters.

We also demonstrated that subclinical cardiac
dysfunction parameters regarding LVGLS, RVGLS,
atrial conduit and reservoir functions were signifi-
cantly lower in patients with sarcoidosis. Similarly,

Tigen et al. suggested that LV GLS, RV GLS and
atrial conduit and reservoir functions were low in pa-
tients with sarcoidosis (7). Other studies showed that
LV GLS and RV GLS were low in patients with sar-
coidosis as well (8-10). However, these studies did not
assess the effects of GLS on 6 MWD. In this study,
we found that STE parameters were correlated with
low 6 MWD but were not independent predictors.
Decreased LV GLS can be result of subclinical

cardiac involvement or diastolic dysfunction. Previ-
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Table 4. Comparison of two-dimensional speckle tracking echocardiography parameters between patients with sarcoidosis and controls*

Patients with sarcoidosis Controls P value
n=>56 n=26

LV GLS (- %) 16.7 £ 4.1 22.8+3.2 <0.001
LV GCS (- %) 19.1+5.7 28.1+44 <0.001
RV GLS (- %) 17.0+5.2 23.4+32 <0.001
LA reservoir function (%) 27.7+11.0 41.1+£9.8 <0.001
LA conduit function (%) 142+72 20.6 6.0 <0.001
RA reservoir function (%) 27.4+10.2 40.5+8.4 <0.001
RA conduit function (%) 13.7+ 6.5 20.3+5.2 <0.001

LA: Left atrium; LV GLS: Left ventricular global longitudinal strain; LV GCS: LV global circumferential strain; RA: Right atrium; RV GLS: RV

global longitudinal strain.

* Numerical variables are displayed as mean + standard deviation and categorical variables are displayed as percentages

Table 5. Linear regression analysis: Relationship between walking distance and significant correlated variables

Univariate analysis Multivariate analysis*
Variables R P-value 95% CI Standa.r(.lised t-value P-value
Coefficient
Beta
Age -0.44 0.001 -3.52 -0.08 -0.21 -2.10 0.04
BMI -0.28 0.012 -5.71 0.83 -0.14 -1.48 0.14
FVC 0.26 0.018 -0.34 1.43 0.12 1.23 0.22
E/¢’ ratio -0.30 0.006 -9.58 3.89 -0.08 -0.84 0.40
SPAP -0.49 0.001 -4.7 -0.46 -0.28 -2.42 0.02
TAPSE 0.27 0.015 -4.24 4.22 -0.01 -0.01 0.99
LV GLS -0.42 0.001 -7.93 1.55 -0.18 -1.34 0.18
RV GLS -0.47 0.001 -6.03 2.98 -0.09 -0.68 0.50

*Model R = 0.67, R? = 0.45

ous studies showed that patients with pulmonary
sarcoidosis had LV diastolic dysfunction compared
with controls (7, 26, 27). Accordingly, we found E/A
ratio and E’-wave were low and NT-proBNP levels
were high in patients with sarcoidosis compared with
controls. Although E/E’ ratio had correlation with
low 6 MWD, it was not an independent predictor.
RV GLS may be reduced as a result of RV involve-
ment, secondary to LV dysfunction or comorbid lung
disease resulting in elevated right-sided pressures. In
our study, we didn’t perform cardiac MRI (CMRI),

positron emission tomography (PET) or endomyo-

cardial biopsy to evaluate primary RV involvement
and the patients with sarcoidosis had no overt car-
diac dysfunction (EF> 50%) and no significant dif-
ferences compared with controls for EF, FVC or
FEV1. We suggest that decreased TAPSE and FAC
and increased RV wall thickness in patients with sar-
coidosis can be a consequence of elevated right-sided
pressures. Moreover, we demonstrated that higher
SPAP in patients with sarcoidosis was an independ-
ent predictor for poor functional capacity. PHT is a
feared complication in patients with sarcoidosis and
early diagnosis is essential. However adequate tricus-
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pid regurgitation velocity need to calculate SPAP is
not always present. Based on our findings, 6 MW'T
can be an important screening tool for the develop-
ment of PHT when SPAP is not reliably measured
through TTE. Myocardial strain imaging parameters
act as an early marker of cardiac dysfunction. This
study demonstrated that decreased LV GLS and RV
GLS levels were correlated with poor submaximal
exercise capacity, although not an independent pre-
dictor. Future studies are needed to explore the prog-
nostic role of 2D myocardial deformation imaging in
patients with sarcoidosis.

Study Limitations

Small sample cohort is an obvious limitation of
the study due to low prevalence of sarcoidosis. An-
other limitation may be the lack of right heart cath-
eterization data. Patients with mild PHT but no tri-
cuspid regurgitation might have been missed using
TTE. However, continuous measurement of pulse
oximetry saturations during the 6 MWT in order to
assess any desaturation could give more information
for the exercise performance of the patients. Finally,
comparison of STE findings with CMRI or PET
findings in patients with subclinical cardiac involve-
ment could be very demonstrative. Cost and avail-
ability of CMRI and PET is always a limiting factor

however.

CONCLUSIONS

Although subclinical cardiac dysfunction was
readily detected using two-dimensional STE param-
eters, there were no independent correlations with
submaximal exercise capacity assesed by 6 MW'T.
Older age and higher SPAP were independent pre-
dictors of poor submaximal exercise capacity in pa-
tients with sarcoidosis.
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SAFETY OF MACITENTAN IN SARCOIDOSIS-ASSOCIATED PULMONARY
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ABSsTRACT. Background: Pulmonary hypertension (PH) is a known complication of pulmonary sarcoidosis and
is associated with higher morbidity and mortality. Currently, there are no approved PH-targeted therapies for
sarcoidosis-associated pulmonary hypertension (SAPH). Macitentan is frequently used as treatment for pul-
monary arterial hypertension, but no results are known in the SAPH population. Objective: We investigated
the safety and effect of macitentan as treatment for SAPH. Methods: We retrospectively reviewed our patient
database for all SAPH patients receiving macitentan as treatment, with a minimum follow-up of twelve months
for monitoring safety. Safety outcomes included reported side-effects, hospitalisations and mortality. Further-
more, six-minutes walking distance, New York Heart Association functional class and NT-proBNP levels were
collected. Results: Six cases (three men) with a median age of 64 years (range 52-74 years) were identified. Dur-
ing macitentan treatment, one patient experienced side effects and aborted therapy after five days of treatment
and died 16 months later. Three patients were hospitalised during treatment for congestive heart failure. Four
patients showed improvement of their functional class and three patients in exercise capacity after 12 months of
therapy. Conclusion: Macitentan was well tolerated in five out of six cases with severe pulmonary sarcoidosis and
PH. Functional capacity improved in four cases. Prospective controlled trials are warranted before therapeutic
recommendations can be made. (Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 74-78)

KEyY woRrbDs: sarcoidosis, macitentan, pulmonary hypertension, endothelin receptor antagonist
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6-MWD: six-minute walking distance

FDG-PET: fluodeoxyglucose-positron emission to-
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mPAP: mean pulmonary artery pressure

NT-proBNP: N-terminal pro-brain natriuretic peptide
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INTRODUCTION

Pulmonary hypertension (PH) is a known com-
plication of pulmonary sarcoidosis. Prevalence num-
bers range from 3% in early stage pulmonary sar-
coidosis, up to 70% in patients awaiting lung trans-
plantation.(1,2) Sarcoidosis-associated pulmonary
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hypertension (SAPH) is associated with increased
morbidity and mortality.(3,4) The underlying patho-
physiological mechanism of SAPH remains unclear.
Hypothesised mechanisms include destruction of
the pulmonary vascular bed by pulmonary fibrosis,
granulomatous vasculopathy, extrinsic compression
from thoracic lymphadenopathy, mediastinal fibro-
sis and cardiac involvement. (4-6) Currently, there
are no approved PH-targeted treatments for SAPH.
Although endothelin receptor antagonists are well
used in pulmonary arterial hypertension, studies
have shown mixed results in SAPH.(7,8) To our best
knowledge, the safety and effect of the endothelin
receptor antagnost macitentan in SAPH patients has
not been evaluated. We report the results of a single
centre case-series.

METHODS

The St. Antonius hospital is a tertiary referral
centre for sarcoidosis and PH. We retrospectively
reviewed our patient database between 2014-2018
to include all patients aged 218 years, diagnosed
with both sarcoidosis and PH, received macitentan
as treatment (mono- or dual therapy), and at least
12 months of follow-up for monitoring safety out-
comes. The diagnosis of sarcoidosis was based on
current clinical diagnostic guidelines.(9) PH was
confirmed by right heart catheterization (RHC) and
defined as a resting mean pulmonary artery pressure
(mPAP) of 225mmHg. The decision to start treat-
ment was made by a multidisciplinary team. Safety
outcomes included side effects leading to (temporar-
ily) aborting therapy, hospitalisation for heart failure
or dyspnoea, and death.

Baseline was defined as start of PH-target-
ed treatment. At baseline, N-terminal pro-brain
natriuretic peptide (NT-proBNP) levels, forced vi-
tal capacity (FVC), New York Heart Association
(NYHA) functional class were measured and a six-
minute walking distance (6-MWD) was obtained.
Macitentan was administered at a dose of 10mg/day.
If applicable, sildenafil was dosed 20mg three times
daily. All outcome parameters were obtained by chart
review. Written informed consent was obtained in all
cases. The study was approved by the local institu-
tional review board.

Resurts

Figure 1 shows the flowchart of case selection.
In total, 27 patients with SAPH were identified be-
tween 2014-2018. Of these patients, 8 were treated
with macitentan. Of these, 6 patients had a follow-
up of at least twelve months, while the other two pa-
tients were recently started on macitentan. The base-
line characteristics and outcome parameters of all
cases are shown in table 1. Six patients (three men)
with a median age of 64 years (range 52-74 years)
were identified. All cases were Caucasian patients
with biopsy confirmed sarcoidosis. RHC showed a
median mPAP of 49 (27 — 66) mmHg and the pul-
monary vascular resistance (PVR) was > 3 Wood

Units (WU) in all cases.

N
Patients diagnosed with SAPH
between 2014-2018 (n = 27)

p
> Treated with other
L therapies (n = 18)

A 4

N
[ Treated with endothelin-receptor

antagonist (n =9)

p
> Treated with bosentan
L (n=1)

A 4

N\

[ Treated with macitentan (n = 8)

J

p
N Recently started on ]

L macitentan (n = 2)

\ 4

\

[ >12 months of follow-up (n = 6)
7

Fig. 1.
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Table 1. Case characteristics

Case 1 Case 2 Case 3 Case 4 Case 5 Case 6
Demographics
Age (years) 60 74 64 52 69 65
Male / female Female Male Male Female Female Male
Time since sarcoidosis diagnosis (years) 8,3 4,3 20 0,2 22,5 12,2
Pulmonary function
FEV1 (% predicted) 75.9 90.0 49.0 54.9 36.9 25.6
FVC (% predicted) 104.1 88.0 69.0 62.5 50.4 75.0
DLCO SB (% predicted) 76.4 25.0 - 40.3 13.9 57.1
Fibrosis on HRCT Yes Yes No No Yes Yes
Heamodynamics
sPAP / dPAP (mmHg) 110/40 60/32 43/19 96/49 85/35 76/30
mPAP (mmHg) 63 37 27 66 55 43
PAWP (mmHg) 6 11 10 18 5 12
PVR (Wood Units) 10.3 10.4 3.2 11.3 13.9 7.2
Cardiac output (L/min) 5.6 2.5 5.3 4.3 3.6 4.6
Sarcoidosis treatment
Supplemental oxygen use No Yes Yes Yes Yes No
Immunosuppressive treatment No Yes Yes Yes No Yes
Escalation of immunosuppressive treatment during follow-up Yes No No No Yes No
PH treatment
Initial PH-targeted therapy Macitentan Macitentan Dual Macitentan Dual Sildenafil
Time before start dual treatment (months) 3 1 - 10 - 15
Follow-up duration (months) 42 12 12 42 36 18
Outcome parameters
NYHA functional class at baseline 111 111 111 II1 I\ II1
NYHA functional class at 12 months 11 111 I I 111 111
NYHA functional class at 24 months 11 111 11 11 111 I\%
6-MWD at baseline (meters) 327 365 445 364 145 341
6-MWD at 12 months (meters) 439 - 457 367 340 244
6-MWD at 24 months (meters) 456 - - 422, 243 -
NT-proBNP at baseline (pg/mL) 136 959 52 3382 5875 346
NT-proBNP at 12 months (pg/mL) 110 1516 45 3512 343 688
NT-proBNP at 24 months (pg/mL) 38 _ _ 1543 210 -

FEV1: forced expiratory volume in 1 second; FVC: forced vital capacity; DLCO SB: diffusing capacity of the lung for carbon monoxide single breath;
HRCT: high resolution chest tomography; sPAP: systolic pulmonary artery pressure; dPAP: diastolic pulmonary artery pressure; mPAP: mean pulmonary
artery pressure; PAWP: pulmonary arterial wedge pressure; PVR: pulmonary vascular resistance; PH: pulmonary hypertension; NYHA: New York

Heart Association; 6-MWD: six minute walking distance

Case 1 was 60-year old female with suspected fibro-
sing pulmonary sarcoidosis and severe PH. Macitentan
was started after PH diagnosis. After two months, sar-
coidosis was proven on biopsy and immunosuppressive
therapy with methotrexate 15mg/week was initiated
due to active disease on FDG-PET (fluodeoxyglucose-
positron emission tomography) with compression of
the pulmonary artery. At three months, echocardiog-
raphy showed improved right ventricular function and
sildenafil was added. At 7 months, immunosuppres-
sive therapy was switched to azathioprine 100mg/day
due to side effects (depressive thoughts). At one year,
there was an improvement of mPAP (47mmHg), PVR

(5.0WU), 6-MWD, and NYHA functional class. NT-
proBNP levels and the FVC remained stable. During
her 3.5 years follow-up, macitentan was well tolerated
with no reported side effects.

Case 2 was a 74-year old male with fibrosing
pulmonary sarcoidosis. RHC showed severe PH and
macitentan was started. After four weeks, he was ad-
mitted for pneumonia and congestive heart failure.
After recovery, sildenafil was added. At 12 months,
no side effects were reported. NT-proBNP levels had
increased, while NYHA functional class and FVC
remained stable. A 6-MWD was not performed
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during follow-up due to persisting disabilities after a
cerebrovascular event.

Case 3 was 64-year old male with pulmonary
sarcoidosis. After PH diagnosis, macitentan and
sildenafil were started with good effect on NYHA
functional class at 12 months while other outcome
parameters remained stable or showed mild improve-
ment. Macitentan was well tolerated.

Case 4 was a 52-year old female, with recently
diagnosed pulmonary sarcoidosis and severe PH.
Macitentan treatment was started with initial good
effect on functional capacity. At 10 months, she was
hospitalized due to congestive heart failure. After re-
covery, RHC was repeated which showed a mPAP
of 58mmHg and PVR 12.5WU. Sildenafil was
added and after 24 months all outcome parameters
improved, while FVC remained stable. During 3.5
years follow-up, macitentan was well tolerated and
the patient remained clinically stable.

Case 5 was 69-year old female patient with fi-
brosing pulmonary sarcoidosis and severely reduced
exercise capacity. Dual treatment with macitentan
and sildenafil was started. The FDG-PET showed
enhanced inflammatory activity, and high-dosage
prednisone was started at 6 weeks. At 12 months,
there was an improvement in 6-MWD (340 vs
145m), NT-proBNP and NYHA functional class.
FVC also improved during treatment (74.0% vs
50.4%). Echocardiography showed improvement in
right ventricular function after 12 months. No side
effects were reported during follow-up.

Case 6 was a 65-year old male patient with fi-
brosing pulmonary sarcoidosis. After PH diagnosis,
initial treatment with sildenafil was started. After
12 months of treatment, RHC showed a mPAP of
47mmHg with no subjective improvement. FDG-
PET revealed no signs of inflammatory activity and
macitentan was initiated. Macitentan was not well
tolerated and aborted after five days due to severe
muscle aches and fatigue. Several days later, this pa-
tient was hospitalised for increasing dyspnoea and
sildenafil was aborted due to no clinical improve-
ment. The patient was discharged home with oxygen
therapy and diuretics and died sixteen months later
due to right ventricular failure.

Discussion

To the best of our knowledge, this is the first
case series describing the safety and effect of maci-
tentan, either as monotherapy or as dual treatment
with sildenafil, as treatment for SAPH in predomi-
nantly patients with fibrosing pulmonary sarcoidosis.
We found that macitentan was well tolerated in five
patients, but one patient aborted macitentan therapy
due to side effects and died sixteen months later.

Judson et al. investigated the role of the endothe-
lin receptor antagonist ambrisentan as treatment for
SAPH. They found that 11 out of 21 patients aborted
ambrisentan therapy, mostly due to increasing dysp-
noea.(7) In our case series, no patients aborted therapy
due to dyspnoea. However three patients were hospi-
talised for dyspnoea due to congestive heart failure, but
recovered with diuretic treatment. A known side-effect
of a pulmonary vasodilator in parenchymal lung dis-
ease is the possible worsening of ventilation/perfusion
mismatch, which could lead to increasing dyspnoea.
(10,11) Unfortunately, we were not able to evaluate
the effect of macitentan on gas exchange before and
during treatment due to missing data for arterial blood
gas analyses. The found rate of adverse events are in
line with the MUSIC trial. This study showed that 12
months of macitentan therapy was well tolerated in pa-
tients with idiopathic pulmonary fibrosis, with 12.6%
of patients aborting therapy due to adverse events.(12)

Furthermore, four patients showed improve-
ment of their functional class and three patients in
exercise capacity after 12 months of therapy. A pos-
sible confounder for this improvement is the escalat-
ing immunosuppressive treatment for increased sar-
coidosis activity. It is known In pulmonary sarcoido-
sis that immunosuppressive treatment can improve
FVC.(13) This could explain the functional improve-
ment in case 5 as this was the only case with an im-
proved FVC during follow-up compared to baseline.
In all other cases the FVC remained stable.

In conclusion, this is the first case-series describ-
ing the safety and effect of macitentan therapy in
SAPH. Macitentan was well tolerated in five out of
six cases with severe pulmonary sarcoidosis and PH.
Functional capacity improved in four out of six cases.
However, results of this case series need to be inter-
preted with caution. Prospective controlled trials are
warranted before therapeutic recommendations can
be made.
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DESQUAMATIVE INTERSTITIAL PNEUMONIA INDUCED BY METAL
EXPOSURE. A CASE REPORT AND LITERATURE REVIEW
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ABSTRACT. Background: Forms of interstitial pneumonia secondary to exposure to an air-contaminant are varied
and so far, insufficiently described. Objectives/Methods: We report here a case of a 57-year-old patient managed
in our department for the exploration of MRC grade 2 dyspnoea and interstitial pneumonia. He mentioned
multiple occupational and domestic exposures such as hens’ excrements, asbestos and metal particles; he also had
a previous history of smoking. Resu/ts: High-resolution computed tomography showed ground glass opacities
predominating in posterior territories and surrounding cystic lesions or emphysematous destruction. The entire
etiological assessment revealed only macrophagic alveolitis with giant multinucleated cells on the bronchoalveo-
lar lavage. A surgical lung biopsy allowed us to refine the diagnosis with evidence of desquamative interstitial
pneumonia and pulmonary granulomatosis. Finally, the analysis of the mineral particles in the biopsy revealed
abnormally high rates of Zirconium and Aluminium. We were therefore able to conclude to a desquamative
interstitial pneumonia associated with pulmonary granulomatosis linked to metal exposure (Aluminium and
Zirconium). The clinical, functional and radiological evolution was favorable after a systemic corticosteroid
treatment with progressive decay over one year. Conclusion. This presentation reports the first case to our knowl-
edge of desquamative interstitial pneumonitis related to exposure to Zirconium and the third one in the context
of Aluminium exposure. The detailed analysis of the mineral particles present on the surgical lung biopsy allows
for the identification of the relevant particle to refine the etiological diagnosis, to guide the therapeutic manage-
ment and to give access to recognition as an occupational disease.

(Sarcoidosis Vasc Diffuse Lung Dis 2020; 37 (1): 79-84)

Key worps: Interstitial lung disease, desquamative interstitial pneumonia, Aluminium lung, Metal analysis,
Zirconium lung

I. INTRODUCTION insufliciently described. Based on the 2012 ATS/ERS

classification of Interstitial Lung Disease (ILD), we

Forms of interstitial pneumonias secondary to
exposure to an air-contaminant are varied and so far,
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can find these forms of pneumonia in each category
of ILD (1). There is no separate class of ILD due to
an air-contaminant. The identification of the causal
agent remains difficult in a large amount of cases
of ILD even if current recommendations insist on
systematic investigation on possible exposure includ-
ing medications, inhalation of organic antibodies or
mineral particles... (2). Surgical lung biopsy is an
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important diagnostic tool and can be used to refine
the diagnosis, but its use may be risky — 30-day and
90-day mortality up to 2.4% and 3.9% respectively
in some series (3) — and should be indicated after a
Multidisciplinary Discussion.

II. CaseE ReEpORT

A 57-year-old man was hospitalized in our ser-
vice in 2017 to explore a mMRC grade 2 dyspnoea
in the context of interstitial pneumonia on his chest
X-ray.

His main medical history was emphysema of
upper lobes diagnosed 5 years earlier, his follow-up
consisted of a medical consultation with CT scan
and pulmonary function test every 6 months (his last
spirometry found a FEV1/VC ratio of 73% and a
DLCO of 71%); he also presented a ventricular tach-
ycardia which required the installation of a cardiac
defibrillator. We did not find any significant family
medical history.

This patient was living in a healthy house, but,
reported multiple exposures. In his past work as a

plumber, he was exposed to asbestos then he worked
in a foundry with possible exposition to alloys of
copper, bronze, iron, aluminium and zirconium
compounds. He also described domestic exposures
(hens of which he cleaned the excrement for 5 years)
and during his current hobbies (welding, grinding);
finally, he had a smoking history of 30 pack-years,
stopping 10 years ago. His daily medications were
amiodarone, bisoprolol and esomeprazole.

On examination, we found finger clubbing and
dry crackles at the lung bases at auscultation; the
remainder of the clinical examination was without
particularity, we did not find in particular any extra
thoracic sign or symptom such as arthralgia, myalgia
or a dry eye or dry mouth syndrome.

High-resolution ~ computed  tomography
(HRCT) showed ground glass opacities surrounding
cystic lesions or emphysematous destruction; these
anomalies predominated in posterior territories (Fig.
1a, 1b, 1¢).

The antinuclear antibodies (ANA) were at
1/200, speckled type and nonspecific; the rest of the
autoimmune evaluation was without particularity.
The search for bird fancier’s precipitin was negative

o ..
" ¥ -

Fig. 1. Scan of the chest. Initial presentation: axial (A), coronal (B) and sagittal
(C) planes showing bilateral ground glass opacities surrounding cystic lesions or
emphysematous destruction; (D) One year evolution with steroid treatment: regres-
sion of ground glass opacities
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especially for hens’ excrements. Bronchoalveolar lav-
age (BAL) found a macrophagic alveolitis (presence
of 180 elements/mm?® including 80% macrophages,
5% lymphocytes, 10% neutrophils and 4.5% poly-
nuclear cells eosinophils) with multinucleated giant
cells. The bacteriological and mycobacteriological
cultures were sterile. An accessory salivary gland bi-
opsy showed no arguments for Sjogren’s syndrome
and the Schirmer’s test was negative.

Pulmonary function tests were the following:
FVC 2.72L or 73% of the predict values, FEV1/VC
ratio of 77%, DLCO at 27% of predict values. Dur-
ing a 6 —minute walk test, the patient travelled a dis-
tance of 434m with an 83% O2 desaturation.

After a Multidisciplinary Discussion, it was de-
cided to perform a surgical lung biopsy using video-
assisted thoracoscopic surgery.

The left lower lobe biopsy led us to find out-
breaks of desquamative interstitial pneumonitis with
“plump” macrophages associated with emphysema
lesions and with numerous giant-epithelioid granu-
lomas without necrosis, sites of dusting. We did not
find foamy macrophage that could evoke an ami-
odarone impregnation (Fig. 2).

Therefore, our conclusion was a Desquamative
Interstitial Pneumonia associated with pulmonary
granulomatosis.

We studied the mineral particles on the lung bi-
opsy with the following method: the anatomopatho-
logical slides were analysed with an electronic scan-
ning microscope (JEOL JSM-6010LV) coupled to
a spectrometer EDX (EDS detector Oxford Aztec-
DDI X MAXN 50), each mineral particle has a spe-
cific spectre. This analysis revealed abnormally high
rates of zirconium compounds (5.2% versus 0.0%),
aluminium compounds (4.4% versus 0.05%), alu-
minium oxide (2.0% versus 0.2%) and steel (14.0%
versus 0.6%) in our patient compared to a reference
population from the Forensic Institute of Lyon (Fig.
3).

The diagnosis then retained in our patient is a
Desquamative Interstitial Pneumonia associated
with granulomas secondary to an exposure to metals:
Aluminium, Zirconium compound and Steel.

Systemic corticosteroid therapy at a dose of 0.75
mg/kg was introduced for 3 months followed by a
progressive decrease over 1 year.

The one-year evaluation showed (i) a clinical im-
provement: a reduction in dyspnoea to MRC grade 1

Fig. 2. Histological analysis of the lung biopsy.

(A) Left lower lobe biopsy (HPS coloration, x4): Emphysema
and desquamative interstitial pneumonia patterns, “plump” mac-
rophages. Numerous giant-epithelioid granulomas without necro-
sis, granulomas with micro calcifications and Schaumann bodies.
(B) Left lower lobe biopsy (HPS coloration, x20): Pneumocytes

hyperplasia, “plump” macrophages within alveolar spaces

and an improvement of 80 meters over the distance
covered in the 6-minute walk test; (ii) a functional
improvement: the FVC was about 4.15L, i.e. 107%
of predict values (gain of 34%) and the DLCO was
44% (gain of 17%); and (iii) a radiological improve-
ment: the HRCT showed a marked improvement
with the disappearance of the areas of ground glass
opacities, however, there remained emphysematous
zones that may correspond to its emphysematous

medical history (fig. 1d).

II1. DiscussioN

To our knowledge, this presentation reports the
first case of desquamative interstitial pneumonitis re-
lated to exposure to Zirconium compound and the
third one in a context of Aluminium exposure.
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Fig. 3. Mineralogical analysis of lung biopsies. Repartition diagram of mineralogical particles observed with microscope.
Comparison with a reference population (SEM-EDX in situ analysis of 53 blocks of pulmonary parenchyma from forensic institute of Lyon,

4050 particles analysed)

Metal lung disease is caused by an exposure to
particles of metal alloys mostly composed of tung-
sten carbide and cobalt (4,5); among the first articles
published that described the link between this ex-
posure and pulmonary fibrosis, two were in Tours in
1974 and 1975 in cases of workers exposed to tung-
sten carbide and cobalt (6,7). A few clinical cases
were described with other components such as alu-
minium, beryllium, copper, iron, nickel (8). The main
pulmonary interstitial patterns that we can find in
literature are giant cell interstitial pneumonia, usual
interstitial pneumonia, hypersensitivity pneumonitis,
granulomas, and bronchiolitis; histological patterns
of desquamative interstitial pneumonia (DIP) are
described in a very few cases.

DIP is one of the major idiopathic interstitial
pneumonias, described for the first time in 1965 by
Liebow (9). DIP concerns mainly men, aged between
40 and 60 years. Characteristic lesions in HRCT are
bilateral ground glass opacities with a predilection for
peripheral and lower lung zone; micronodular opaci-
ties can also be found with possible association with
fibrosis patterns. BAL usually contains increased
numbers of macrophages with an inconstant pres-
ence of giant cells. Increased numbers of neutrophils,
eosinophils and lymphocytes have also been found
but these findings are not very specific (10). In this
context, a lung biopsy may be necessary to confirm
the diagnosis. Some series of surgical biopsy showed

a morbidity up to 7% (11) but the surgical approach
used was thoracotomy. The advent of mini surgery
and Enhanced Recovery After Surgery (ERAS)
programs seem promising given that surgical biopsy
shows a better concordance with the final diagnosis
of ILD than transbronchial biopsies (12).

The main histologic feature is a diffuse and uni-
form accumulation of macrophages within alveoli;
these macrophages have eosinophilic cytoplasm and
mostly contain a granular light-brown pigment when
DIP is associated to tobacco exposure; alveolar archi-
tecture is generally preserved (1). DIP’s main aetiol-
ogy is exposure to tobacco (58 to 91% of DIP’s cases);
epidemiological studies suggest other rare aetiologies
such as infections, medications, rheumatoid arthritis
and exposure to cannabis or anorganic particles.

Our research in medical literature led us to find
seven cases of DIP secondary to a metal exposure ,
these results are collected in Table 1. We found two
cases in a context of aluminium exposure, two in a
context of tungsten exposure and five with multiple
metal exposure. Two of these patients had only DIP
patterns on their lung biopsies but the first one was
an active smoker (13) and the authors did not men-
tion the precise pathological findings of the other
one (14). Thus, histological patterns of DIP seem to
always be associated with other interstitial patterns:
giant cell interstitial pneumonia, bronchiolitis, non-
specific interstitial pneumonia or granulomas.
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Table 1. Literature review

Exposition Case

Histology

Aluminium Tijima 2017 (19): 1 case

DIP
+ Non Specific Interstitial Pneumonia
+ Granulomas

Herbert 1982 (14): 1 case

DIP (not detailed histology)

Multiple exposures Mizutani 2016 (4): 1 case (Cobalt and Tungsten) DIP
+ Bronchiolitis
Ju 2017 (13): 1 case (not detailed) DIP (Active smoker)
Cai 2006 (20): 1 case (not detailed) DIP
+ Giant Cell Interstitial Pneumonia
Dawison 1983 (21): 1 case DIP
(Tungsten, Iron, Titanium) + Giant Cell Interstitial Pneumonia
Tungsten Dai 2009 (12): 1 case DIP

+ Giant Cell Interstitial Pneumonia

In the present case, DIP patterns were associ-
ated with granulomas. We encountered DIP lesions
incriminated on Aluminium and Zirconium expo-
sure, as previously mentioned, we found two cases of
DIP in aluminium-exposed patients but none with a
Zirconium exposure. The imputability of Zirconium
compounds in this pneumonia is particularly sus-
pected as cases of pulmonary granulomatosis second-
ary to Zirconium exposure have been described (15).
Moreover, 13% of the use of Zirconium consists in
protecting the interior wall of furnaces and reactors
used in manufacture of foundry crucibles; this cor-
responds to the professional activity of our patient in
the foundry. Concerning Steel particles, they seem to
be involved in the granulomatous component of this
interstitial pneumonia as Catinon et al. has already
described this association twice (16,17).

The other particularity of our case description
lies in the favourable evolution after a systemic cor-
ticosteroid treatment. Corticosteroid therapy showed
its efficiency in most DIPs induced by tobacco (10)
but its use seems less obvious in cases of DIPs sec-
ondary to metal exposure with bad evolution despite
corticosteroids (4,18) except in the description of Ii-
jima et al. (19).

In conclusion, our case is the first one that de-
scribes a DIP secondary to a Zirconium exposure as-
sociated with Aluminium and Steel exposure. Our
report shows that finding the relevant exposure is

a challenging task that requires a complete inter-
rogation including the patient’s possible exposures.
Moreover, a Multidisciplinary Discussion must be
held to consider the need of a lung biopsy with the
analysis of the mineral particles observed on the
sampling. This analysis could be useful for epidemio-
logical purposes, to support diagnosis or for thera-
peutic purposes for the eviction of the relevant par-
ticle. Patients could also benefit from this analysis
for recognition as an occupational disease, and em-
ployers could guarantee protective measures to their
employees.
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