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Abstract: Lacrimal gland lesions generally present as palpable
masses in the superolateral aspects of the orbits. Approximately
50% of lacrimal gland masses are inflammatory lesions, 25% are
lymphoid lesions or lymphoma, and the other 25% are salivary
gland type tumors. Although there are overlaps and exceptions,
features such as laterality, portion of gland involvement, presence
or absence of bony findings, enhancement pattern, and clinical
presentation are valuable in differentiating among lacrimal gland
lesions. The 3D ultrasound has been used to define lacrimal gland
shape, size, density, structural features the pattern of blood
supply, as well as the anatomic and topographic position in the
orbit. The study was conducted in the B- and 3D-modes of
ultrasonography with color and energy Doppler mapping on both
sides.
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I. INTRODUCTION

Sarcoidosis is an idiopathic, multisystem disorder that can
affect any organ system and is mainly characterized by
pulmonary, dermatologic, and ocular involvement. Its
pathological hallmark is non-caseating granulomatous
inflammation. Ocular involvement has been reported by
different studies at a rate of 25-60%. (1,2) Although anterior
uveitis is the most common manifestation of ocular sarcoidosis,
any orbital structure can be involved. Lacrimal gland
involvement is the most common form of orbital sarcoidosis.
13)

Lacrimal glands are the most commonly involved structures of
the orbit in orbital sarcoidosis. (3,4,5) The prevalence of
lacrimal gland involvement varies across studies due to varying
diagnostic criteria. Two large studies reported lacrimal gland
involvement at rates of 7% and 15.8%. (2,6) Some studies
based the diagnosis of orbital sarcoidosis on lacrimal gland
enlargement and the presence of dry eye symptoms. However,
sarcoidosis is a pathologic diagnosis, so a biopsy is
recommended for a definitive diagnosis. Other relevant
laboratory investigations revealed an elevated angiotensin-
converting enzyme level/elevated levels of vitamin D/elevated
calcium in the blood and urine.

The most common imaging finding is smooth, homogenous,
diffuse and nearly symmetrical enlargement of the lacrimal
glands bilaterally. Although tumors and infection can cause
lacrimal gland swelling, they rarely do so bilaterally.
Inflammation and infiltration are much more common causes
of bilateral lacrimal gland swelling with sarcoidosis, lymphoma
and leukemia being the prime differentials.(5) Diffusion-

weighted imaging (DWI1) can potentially help in differentiating
lymphomatous infiltration from sarcoidosis, with restricted
diffusion and low apparent diffusion coefficient (ADC) values
in the former.(6,9) Other unusual differential diagnoses also
include  Kimura disease and  primary lacrimal
amyloidosis.(10,11) However,  according to  Mafee et
al.,(12) bilateral diffuse enlargement of the lacrimal glands is
highly suggestive of sarcoidosis. On imaging, normal lacrimal
gland measures approximately 4-5 mm in thickness. (13)
Izumi et al., (13) have shown that measuring the thickness of
the lacrimal gland correlates well with measures of the areas of
the lacrimal gland thus supporting the analogy that ‘size does
matter’. (14)

Because of the inflammatory nature of sarcoidosis, orbital
symptoms usually mimic other inflammatory diseases that
involve orbital structures. Sjogren’s syndrome,
tuberculosis, lymphoma and immunoglobulin G4 (lgG4)-
related Mikulicz’s disease are the main pathologies that should
be considered in the differential diagnosis of sarcoidosis.
Although these diseases can be seen at any age, Sjogren’s
syndrome and tuberculosis are the primary diseases for the
differential diagnosis of sarcoidosis in younger patients. These
diseases can cause bilateral involvement and are usually
characterized by painless enlargement of lacrimal glands for
more than one month. Although clinical findings and imaging
tests can help guide clinicians, a biopsy is required for all
patients with orbital masses of unknown origin.

The characteristic histological feature of sarcoidosis is
non-caseating granulomas consisting of epithelioid histiocytes
and lymphocytes. Multinucleated giant cells are frequently
seen. Although tuberculosis is also characterized by chronic
granulomatous inflammation, in tuberculosis the granulomas
tend to be coalescent with necrosis. The presence of atypical
lymphocytes in lymphoma, IgG4-positive plasma cells in
IgG4-related Mikulicz’s disease, periductal and perivascular
inflammation of lymphocytes and intralobular fibrosis
in Sjogren’s syndrome are the main factors that aid in the
differential diagnosis of sarcoidosis. (15)

While clinically, the heterogeneity of sarcoidosis is well
characterized, the transcriptome of the sarcoidosis and
underlying molecular mechanisms are not. The signal of all
transcripts, small and long non-coding RNAs, can be detected
using microarrays or RNA-Sequencing. Analyzing the
transcriptome of tissues that are directly affected by
granulomas is of great importance to understand biology of the
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disease and may be predictive of disease and treatment 6. 3D scan/Cine recording of orbit
outcome.

Multiple genome wide expression studies of sarcoidosis
affected tissues were published in the last 15 years. Published
studies focused to examine differences in gene expression
levels between sarcoidosis vs. control tissues, stable vs.
progressive form of sarcoidosis, as well as sarcoidosis vs. other
granulomatous and non-granulomatous diseases (16—
19).Understanding the transcriptome of tissues that are directly
affected by the presence of granulomas, such as lung, skin or of
fluids in the contact with granulomas such as bronchoalveolar
lavage (BAL) and peripheral blood is of great importance to
understand the biology of sarcoidosis. The signal of all
transcripts and the majority of small and long non-coding RNA
in humans can be detected by one microarray or RNA-Seq run,
then submitted to analysis that allows understanding of intra-
and inter-tissues gene networks that underlie the biology of
sarcoidosis. Published transcriptomics studies indicate that
numerous specific genes and signaling pathways implicated in
inflammatory and immune T-cells and macrophage responses
differentiate sarcoidosis from control tissues and other diseased
tissues. Specific and common gene expressions, miRNAs and
pathways were identified in peripheral blood, BAL and whole
lung, orbital and lacrimal tissues lysate.

Gene expression in sarcoidosis involving the orbit or lacrimal
gland can be distinguished from gene expression patterns in
control tissue and overlaps with many transcripts upregulated
or downregulated in the peripheral blood of patients with
sarcoidosis. Rosenbaum et al. (20) analyzed gene expression
profiles of unpaired lung, lymph nodes and peripheral blood
from patients with sarcoidosis versus controls. In line with the
previously mentioned data, the authors also noticed a strong
Thl immune response, as well as STAT1 and three STAT1
regulated chemokines (CXCL9, CXCL10 and CXCL11) to be
commonly up-regulated in sarcoidosis. STAT1 was already
shown to be a key inflammatory and INF-y response
transcription factor. (20),

Standard operating procedure for orbital ultrasonography:

1. Obtain approved consent and authorization form
2. Clean and prepare the site of interest and ultrasound

probe

3. Apply sterile coupling agents on ultrasound probe
headpiece

4. Connect the probe to mobile device and launch the
app

5. Select the appropriate preset to start scanning

a. Horizontal linear scan (medial orientation) -
adjust depth and ATGC

b.  Vertical linear scan (superior orientation) - adjust
depth and ATGC

c. Lateral vertical oblique scan (Ossining technique
+ doppler) - optic nerve assessment

d. Horizontal linear (Lacrimal gland) scan -
volumetric and ATGC
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TABLE |: Common Patterns of Lacrimal Gland Masses

Cell Type Lesion Laterality Lobe Involved Bone Pain
Epithelial Pleomorphic adenoma Unilateral Orbital Scalloping No
Adenoid cystic carcinoma Unilateral Orbital Destruction Yes, with or without paresthesia
Mucoepidermoid carcinoma | Unilateral Orbital Scalloping, destruction Yes
Lymphoid Lymphoid hyperplasia Bilateral Orbital and palpebral | None, with or without No
occasional remodeling
Lymphoma Variable Orbital and palpebral | None, with or without No
occasional remodeling
Leukemic Chloroma Variable Orbital and palpebral | Variable Yes
Metastasis Metastases Variable Variable Variable Variable
Inflammatory | Infectious dacryoadenitis Unilateral Orbital and palpebral | None Yes
Sarcoidosis Bilateral Orbital and palpebral | None Yes
Pseudotumor (inflammatary | Variable, unilateral Orbital and palpebral | None Variable
dacryoadenitis) more than bilateral
Sjdgren syndrome Bilateral Orbital and palpebral | None Yes (dryness)
Dthers Sickle cell disease Variable Orbital and palpebral | None Yes

1. DISCUSSION

The lacrimal gland is an almond-shaped, eccrine secretory
gland for tear production. It is located in the superolateral
aspect of the orbit, abutting the superior rectus and lateral rectus
muscles. The lacrimal gland consists of an orbital lobe and a
palpebral lobe, which are separated anatomically by the lateral
horn of the aponeurosis of the levator palpebrae muscle. The
orbital lobe is located posterior and superior to the levator
palpebrae aponeurosis, and the palpebral lobe is situated
anterior and inferior to it.

Infiltrative and inflammatory processes tend to have a diffuse
pattern, typically involving both the orbital and palpebral lobes
of the gland. On CT, the lacrimal gland is isodense to the
muscle. The medial border is outlined by orbital fat and the
lateral border by orbital bone. Calcifications and bony changes
are well seen on CT, and normal glands show symmetric
contrast enhancement. The superior resolution of MRI permits
better assessment of the extent of glandular and periglandular
involvement. Normal lacrimal glands have intermediate
(sometimes heterogeneous) signal on both T1-weighted and
T2- weighted imaging and enhance symmetrically after
gadolinium administration. (21)

Sarcoidosis is the most common inflammatory disease
involving the lacrimal gland. Ocular involvement, most
commonly uveitis, occurs in 80% of patients with sarcoidosis.
Sarcoidosis of the lacrimal gland is typically bilateral and
diffuse, and it may cause painless enlargement of the orbital
and palpebral lobes. On CT, sarcoidosis produces diffuse
bilateral lacrimal gland enlargement with hyperenhancement
on contrast-enhanced images and no bone involvement.
Concurrent imaging of the chest usually shows prominent
mediastinal and hilar lymphadenopathy. On MRI, there is also
diffuse bilateral enlargement of the lacrimal glands, which
appear hypointense to isointense on T1-weighted imaging and
heterogeneously hyperintense on T2-weighted imaging, with
avid enhancement after gadolinium administration. The
mainstay of treatment of sarcoidosis is corticosteroids. More

aggressive forms of disease may require immunosuppressants,
such as methotrexate and cyclophosphamide.

I11. CONCLUSION

Orbital ultrasound (US)can demonstrate extraocular muscle
reflectivity changes, orbital fat attenuation, lacrimal gland
enlargements and optic nerve edema in systemic Sarcoidosis,
suggesting that US is a reliable tool for the determination of
disease activity. In the active phase, the extraocular muscles
have a lower internal reflectivity, presumably due to edema,
whereas in end-stage disease, the muscles tend to show
irregular high reflectivity from the echogenic fibrotic scar
tissue. Similarly, the orbital fat, lacrimal gland and optic nerve
demonstrate inflammatory changes in active phase of disease
which may not correlate with clinical active scoring (CAS). IN
the current trial, we have investigated the efficacy and safety of
orbital ultrasonography in patients with systemic sarcoidosis.
The use of US has also been proposed for evaluating disease
activity. (22-27)
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