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ABSTRACT

Immunoglobulin G4-related optic neuropathy
caused by optic perineuritis is a rare complica-
tion of immunoglobulin G4-related disease
(IgG4-RD). Herein, we report a 38-year-old
Asian man with history of sinusitis who pre-
sented with painless blurred vision and prop-
tosis for over 6 months. Examination with the
Hertel exophthalmometer revealed 21.5 mm on
both eyes. Magnetic resonance imaging
revealed a doughnut sign encircling the right
optic nerve, bilateral tram-track signs on both
optic nerves, enlarged bilateral maxillary nerves
with perineural spreading to the infraorbital
nerves, hypertrophy of extraocular muscles, and
pansinusitis. Visual evoked potentials displayed
bilateral delayed P100 latency, indicating bilat-
eral optic neuropathy. Biopsy with functional

endoscopic sinus surgery demonstrated diffuse
dense lymphoplasmacytic infiltrate and fibrosis.
IgG4-positive plasma cells exceeded 50 cells per
high-power field while the overall IgG4/IgG
ratio was above 40%. Serological studies
unveiled extremely high serum concentrations
of IgG4 (2650 mg/dL), and the calculated serum
IgG4/IgG ratio was 100%. These comprehensive
features supported the diagnosis of IgG4-RD
with bilateral optic perineuritis, branches of
trigeminal nerve involvement, and pansinusitis.
The visual acuity improved slightly following
the initiation of treatment with corticosteroids,
but it became worse again during the tapering
course. Following another course of corticos-
teroids followed by subsequent immunosup-
pressant treatment with azathioprine, vision in
both eyes ultimately improved during the
2-year follow-up period.
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Key Summary Points

IgG4-related optic neuropathy (IgG4-
RON) caused by optic perineuritis is a rare
complication of IgG4-related disease
(IgG4-RD).

Limited information is available in the
literature on the clinical and radiologic
risk factors associated with the optic
perineuritis type of IgG4-RON.

We report a rare case of IgG4-RD with
bilateral optic perineuritis, enlarged
maxillary nerves with perineural
spreading to infraorbital nerves, and
pansinusitis; with the diagnosis confirmed
by histopathologic study of sinus biopsy
specimens.

Magnetic resonance imaging is a useful
tool for diagnosing cranial nerve
perineuritis, with the presence of the
‘‘doughnut’’ sign and ‘‘tram-track’’ sign
indicative of inflamed soft tissues
surrounding the cranial nerve.

The case described here is a ‘‘pure’’ case of
optic perineuritis secondary to IgG4-RD,
and a successful post-treatment visual
outcome was obtained with treatment
with oral corticosteroids followed by
azathioprine.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13027988.

INTRODUCTION

Immunoglobulin G4-related disease (IgG4-RD)
is an immune-mediated fibroinflammatory

disease characterized by tumefactive lesion with
abundant IgG4-positive plasma cells infiltrating
into multiple organs. IgG4-RD was first descri-
bed in the pancreas as a cause of ‘‘lymphoplas-
macytic sclerosing pancreatitis.’’ Other frequent
sites of involvement include the thyroid gland,
aorta, liver, bile ducts, retroperitoneum, and
lymph nodes. In the head and neck lesions have
been identified in the meninges, pituitary
gland, salivary glands, middle ear, and sinuses.

IgG4-related ophthalmic disease (IgG4-ROD)
is present in 23% of patients with IgG4-RD, in
whom the lacrimal gland is the most commonly
involved structure, followed by orbital fat and
extraocular muscles, albeit optic neuropathy is
rare [1]. The presentation of patients with IgG4-
ROD is variable and generally manifests as
organ dysfunction, pain, or swelling, such as
lacrimal gland swelling or exophthalmos from
orbital soft tissue swelling. In two studies, IgG4-
related optic neuropathy (IgG4-RON) presented
in 5–9% of the patients in two multicenter
cohorts with IgG4-ROD. Among 12 cases of
IgG4-RON, ten were of the compressive type
and the other two were of the infiltrative type
[2, 3]. Poor vision and prolonged duration of
symptoms at initial presentation resulted in
poor post-treatment visual outcome [2].

However, only limited information is avail-
able in the literature on the clinical and radio-
logic risk factors associated with the optic
perineuritis type of IgG4-RON. There are very
few reported cases in which secondary optic
perineuritis caused by IgG4-RD has been
described. Herein, we report a case of IgG4-RD
with bilateral optic perineuritis and branches of
trigeminal nerves involvement. The successful
post-treatment visual outcome was obtained
through early treatment with oral corticos-
teroids followed by azathioprine.

The patient provided informed consent for
his clinical details to be known and signed an
informed consent form for publication of the
case. This study was conducted in compliance
with the guidelines of the Declaration of
Helsinki.
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CASE PRESENTATION

A 38-year-old Asian man with a history of
sinusitis status presented at the Ophthalmology
outpatient department following a surgical
intervention at another hospital 3 months pre-
viously, with complaints of gradual painless
blurred vision and proptosis for 6 months.
There was no periocular sensory change or
recent trauma. His family history was
unremarkable.

On ophthalmic examination, best-corrected
visual acuity (BCVA) was 20/30 on the right eye
(OD) and 20/40 on the left eye (OS). Slit-lamp
and funduscopic examination results were nor-
mal. The pupil reacted sluggishly without a
relative afferent pupillary defect. Color vision
was normal. Ocular motility was intact without
diplopia, but exophthalmometry measurements
were 21.5 mm with base 112 mm using one
accurately calibrated Inami exophthalmometer
(Hertel K-0161; Inami & Co., Ltd., Bunkyo-ku,
Tokyo, Japan) on both eyes (OU). There was
neither periocular sensory change nor palpated
mass in the lower eyelid.

Thyroid function tests revealed normal free
thyroxine and thyroid-stimulating hormone
levels, but serological studies showed extremely
high serum concentrations of IgG4 (2650 mg/
dL; normal range \135 mg/dL); elevated
serum concentrations of IgG (2630 md/dL;
normal range 751.0–1560.0 mg/dL); abnormal
erythrocyte sedimentation rate (31 mm/h; nor-
mal range \15 mm/1 h); and high levels of
total IgE (1903.00 IU/dL; normal range
\87.00 IU/mL). The calculated serum IgG4/
IgG ratio was 100% (normal range \6%). No
eosinophilia was found in the blood.

Postcontrast T1-weighted fat-saturated mag-
netic resonance imaging (MRI) images showed a
‘‘doughnut’’ sign encircling the right optic
nerve, and inferior sheath enhancement sur-
rounding the left optic nerve was visible on the
coronal MRI images (Fig. 1a). Bilateral ‘‘tram-
track’’ signs were evident on the axial images
(Fig. 1b). Bilateral enhancing lesions at the
pterygoid plate, pterygomaxillary fissure, and
sella region, with involvement of both maxil-
lary nerves, were visualized using gadolinium-

enhanced T1-weighted MRI (Fig. 1c, d). Bilateral
infraorbital nerve involvement was also evident
on the MR images (Fig. 1d, e). Enlargement of
extraocular muscles, especially severe at the
bilateral inferior rectus, right medial rectus,
bilateral superior rectus, and bilateral lateral
rectus muscles, was noted on coronal MRI
images (Fig. 1e). Mucosal thickening in the
ethmoid, maxillary, sphenoid, and frontal
sinuses was also visible.

We referred this patient to the Department
of Otolaryngology in our hospital for surgical
biopsy. Biopsy with functional endoscopic sinus
surgery was performed, and a tissue specimen
measuring 0.5 9 0.3 9 0.2 cm was sent to the
Department of Pathology for further testing.
The result revealed chronic sinusitis with dense
infiltrate of lymphocytes and plasma cells.
Chronic inflamed granulation tissue, aggregates
of foamy histiocytes, and fibrosis of sinonasal
tissue were also noted (Fig. 2a–c). Organisms
were not identified in the Periodic Acid-Schiff
stain and the Acid-fact stain tests. Immunhis-
tochemistry revealed CD138 accentuated
plasma cells (Fig. 2d) and highlighted numerous
IgG4-positive plasma cells ([ 50 IgG4-positive
plasma cells per high-power field), of which
over 40% were IgG-positive plasma cells (Fig. 2e,
f).

The patient underwent a treatment regimen
comprising oral systemic corticosteroids (pred-
nisolone 1 mg per kg body weight daily) for
2 weeks followed by slow tapering. Visual acuity
improved to 20/25 (OU) 1 month after initiat-
ing treatment. Four months after the initial
treatment, the vision got worse again, with the
BCVA dropping to 20/30 (OD) and 20/50 (OS),
respectively. Visual field test showed parafoveal
scotoma (OD) and an enlarged blind spot (OS).
Visual evoked potentials indicated bilateral
delayed P100 latency (Fig. 1f). No active lesions
were found after systemic screening. Based on
the combined clinical, radiographic, and
histopathologic findings, the final diagnosis was
IgG4-RD with bilateral optic perineuritis, bran-
ches of trigeminal nerves involvement, and
pansinusitis.

The patient underwent another course of
oral prednisolone daily for 2 weeks with gradu-
ally tapering of dosage. This was followed by
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Fig. 1 Magnetic resonance imaging (MRI) images of a
38-year-old Asian man who presented with bilateral optic
perineuritis and maxillary nerve and infraorbital nerve
involvement. Pansinusitis was also found. a Coronal MRI
revealed a doughnut sign encircling the right optic nerve
(asterisk) and inferior sheath enhancement surrounding
the left optic nerve (asterisk). Mucosal thickening in the
ethmoid and maxillary sinuses was evident. b Axial MRI
illustrated bilateral tram-track signs. The perineuritis was
especially posterior located. c Coronal MRI highlighted
bilateral maxillary nerves (asterisk). Mucosal thickening in

the sphenoid sinus (SS) was disclosed. d Axial MRI
displayed both maxillary nerves (asterisk) and infraorbital
nerves (arrowhead). Mucosal thickening in the SS was
disclosed. e Coronal MRI revealed typical infraorbital
nerve (asterisk) involvement. The supraorbital nerve
(S) was enlarged. Enlargement of extraocular muscles,
especially severe at the bilateral inferior rectus, right medial
rectus, bilateral superior rectus, and bilateral lateral rectus
muscles, was noted. f Visual evoked potentials indicated
bilateral delayed P100 latency
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treatment with the immunosuppressive agent
azathioprine (50 mg, twice daily). The final
BCVA was 20/20 (OD) and 20/25 (OS) during
the follow-up period of 2 years.

DISCUSSION

The diagnosis of IgG4-RD is often challenging,
requiring careful correlation of pathologic and
radiologic findings with the patient’s clinical
features. Biopsy remains the cornerstone of
diagnosing in IgG4-RD [4–6]. However, biopsy
of the optic nerves involves high risks,

Fig. 2 a, b Histopathology showed a picture of chronic
sinusitis with dense infiltrate of lymphocytes and plasma
cells. Chronic inflamed granulation (G), aggregates of
foamy histiocytes (H), and fibrosis of sinonasal tissue
(F) were noted (9100). c Abundant lymphocytes and
plasma cells (9400). d Immunohistochemistry with
CD138 revealed plasma cells (9100).

e Immunohistochemistry marked immunoglobulin G
(IgG)-positive plasma cells (9100). f Immunohistochem-
istry revealed numerous IgG4-positive plasma cells (9100).
The ratio of IgG4-positive cells to IgG-positive cells
was[ 40%
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especially with respect to damage the optic
nerve, which could result in blindness. To our
best knowledge, there are only two reported
cases of biopsy-proved IgG4-related optic per-
ineuritis. In one case of idiopathic hypertrophic
pachymeningitis, optic perineuritis, and
sinusitis, the patient presented with no light
perception in both eyes; a dural biopsy was
performed to confirm the diagnosis of IgG4-RD
[7]. In the second case, the patient presented
with optic perineuritis, abdominal mass, and
sinusitis; a final mesenterial biopsy was per-
formed to confirm this probable case of IgG4-
RD [8]. It should be noted that up to 44% of
patients with IgG4-RD have been reported to
suffer from allergic diseases, such as asthma or
sinusitis [9]. Tiegs-Heiden et al. reported that
among the patients with IgG4-ROD in their
study, sinusitis was present in 89% [10]. Eosi-
nophilia associated with recurrent sinusitis or
asthma has been found to be a prominent fea-
ture in patients with definite IgG4-RD [11]. The
inflammatory mucosal thickening noted in the
paranasal sinuses has an unknown association
with IgG4-ROD, with a potential link between
IgG4 positivity and Th2 immune response
being one possibility presented [11]. The pres-
ence of sinusitis may offer an additional clue
when the diagnosis of IgG4-RD is considered. In
the present case of IgG4-RD, the patient pre-
sented with bilateral optic perineuritis, bran-
ches of trigeminal nerves involvement, and
pansinusitis. The final diagnosis was confirmed
by immunochemistry tests, revealing IgG4-
positive plasma cells infiltrating the sinus tissue.
Thus, sinus biopsy may be the easiest approach
to obtain surgical specimens for testing and,
consequently, a definite diagnosis in cases
combined with optic nerve involvement. The
clinical courses of prior cases with IgG4-related
optic perineuritis are summarized in Table 1
[7, 8].

In the published case reports, patients with
idiopathic optic perineuritis usually presented
with ocular pain, pain with eye movement, and
decreased vision, all symptoms which represent
a form of idiopathic orbital inflammatory dis-
ease in which the specific target tissue is the
optic nerve sheath and not the axons of the
optic nerve [12]. Most patients with idiopathic

optic perineuritis have reported a good recovery
of visual acuity. Regarding those with poor
recovery, the related factors were delay in ini-
tiating treatment and presence of progressive
disease or additional ocular pathology [12].
However, persons can develop optic perineuritis
secondary to an identifiable systemic disorder,
such as syphilis, Behçet’s disease, Crohn’s dis-
ease, sarcoidosis, and granulomatosis with
polyangiitis. In addition, IgG4-RD has recently
been recognized as an inflamed cause of orbital
inflammatory disease and can involve the optic
nerve, although there are no reports to date of it
causing a ‘‘pure’’ optic perineuritis in the orbit,
with the exception of two reported cases, one of
pachymeningitis that also involved the optic
nerve sheath and the other of the serum IgG4
level not meeting the criteria [7, 8, 12].

Optic neuropathy can be affected by IgG4-
RD through two mechanisms. First, the nerves
become compressed by the mass effect of local
IgG4-RD involvement of non-neural tissues.
Second, the epineurium might be involved with
chronic inflammatory aggregates caused by
IgG4-RD, with or without further infiltration
into the perineurium [13]. The prognosis of
vision in patients with IgG4-RON has been
diverse, complicated by the fact that informa-
tion on the optic perineuritis type of IgG4-RON
is extremely limited. In Lai et al.’s cohort study,
three of six patients (50%) with IgG4-RON who
presented with poor vision had irreversible,
permanent visual loss (BCVA worse than
20/200) [2]. Only two clinical cases on the optic
perineuritis type of IgG4-RON have been
reported to date. In one patient, the final state
of vision was only the perception of bare light
in both eyes, and the other patient suffered a
loss of visual acuity down to 20/50 (OD) and
counting fingers (OS) after corticosteroid treat-
ment followed by rituximab treatment (this
patient died 2 years later due to colon adeno-
carcinoma with multiple metastasis) [7, 8].
Three of the four eyes (75%) of these two
patients suffered permanent visual loss due to
the IgG4-related optic perineuritis [7, 8]. A poor
prognosis seems to be more likely in this sub-
type of IgG4-RON compared with the cases in
Lai et al.’s cohort study [2]. However, in our
case, the final BCVA remained good through
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treatment with oral corticosteroids followed by
azathioprine. One possible explanation for the
difference in outcome between these cases
might be the state of vision at presentation and
the duration of symptoms. Poor vision and
prolonged duration of symptoms at initial pre-
sentation have been reported to result in poor
post-treatment visual outcome [2, 12].

Data on the treatment of IgG4-RON are
sparse, with only small case series and anecdotal
reported experiences. The authors of one study
reported that corticosteroids worked well for the
compressive type of IgG4-RON but that disease
relapsed after tapering medication [2]. Such
high recurrence rates highlight the need for a
corticosteroid-sparing treatment in most cases
of IgG-RON. Regarding the optic perineuritis
type of IgG4-RON, treatment with initial corti-
costeroids alone might prove beneficial, but
relapses on a tapering dose of corticosteroids
have been reported [7, 8]. Treatments with
intravenous methylprednisolone or oral pred-
nisolone for optic perineuritis or IgG4-RON
have also been reported by individual practi-
tioners [2, 7, 8, 12]. In the present case, the
disease initially responded well to treatment
with corticosteroids, but the patient’s vision
became worse during the tapering course. After
subsequent treatment with the immunosup-
pressanth azathioprine, the patient’s vision
ultimately did improve. Conventional
immunosuppressive agents (such as azathio-
prine, methotrexate, cyclophosphamide, and
mycophenolate mofetil) might remain effective
in cases of IgG4-RD. B-cell depletion induced by
rituximab has shown a good response in
inducing remission in steroid-resistant disease,
although the disease recurred in some cases
[14, 15]. Radiotherapy could exceptionally be
employed in refractory cases but radiation optic
neuropathy should be taken into consideration
[15, 16]. The present case and the two previous
cases all showed refractory treatment history,
indicating the need for a long-term treatment of
optic perineuritis [7, 8]. Informing the patient
with IgG4-RON of the possible corticosteroid-
sparing maintenance therapy may be necessary.
More cases should be collected for further
evaluation of the long-term outcome.

Involvement of the bilateral infraorbital
nerve is relatively common and pathog-
nomonic in cases of IgG-ROD. Two studies have
reported that the infraorbital nerve was
enlarged in approximately 30–38.5% of their
IgG4-ROD cases [3, 10]. The frontal nerves,
supraorbital nerves, infraorbital nerves, lesser
palatine nerves, and superior alveolar nerves
were the involved sites of the trigeminal nerves
in these patients [3, 17]. Lesion of the trigemi-
nal nerve branch was particularly unique, and
64% of trigeminal nerve branch lesions
observed in Sogabe et al.’s study were bilateral
[3]. Previous histopathologic assessment has
revealed that IgG4-ROD involves the epineur-
ium of the infraorbital nerve with both the
endoneurium and perineurium unaffected
[18, 19]. Of note is that no patient in Sogabe
et al.’s study and only two patients (33%) in Lai
et al.’s study complained of facial sensory dis-
turbances [2, 3]. Symptomatic trigeminal nerve
involvement was less common in cases with
positive imaging findings.

Of the cranial nerves affected in patients
with IgG4-RD, the bilateral maxillary nerves are
rarely involved [17]. A case of an IgG4-related
cerebral pseudotumor with perineural spreading
along all branches of the trigeminal nerves
causing right compressive optic neuropathy has
been reported [20]. In the present case, separate
involvement of perineural optic nerves without
perineural spreading and branches of the
trigeminal nerves was reported. Perineural
spreading between the maxillary nerve and
infraorbital nerve was noted in the present case,
but not in previous reports [17, 20]. No previous
IgG4-RON cases mentioned the bilateral maxil-
lary nerves with perineural involvement of
infraorbital nerves, which makes the present
case exceptional.

The identification of exophthalmos relies
not only on accurate measurements but also on
normal reference limits. Results from previous
studies involving normal healthy subjects from
different populations indicate that the normal
exophthalmos value for Asians is lower than
that of Caucasians. In healthy Asian adults, the
upper normal limit of the exophthalmometry
measurement is 18.6–19.4 mm, which was
lower than the 21 mm that has traditionally
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been considered as normal for Caucasians
[21, 22]. The distance between the lateral orbital
rims in healthy Taiwanese (105.82 ± 4.29 mm)
was found to be greater than that for Caucasians
[22]. In the present case, exophthalmometry
measurements were 21.5 mm with base 112 mm
using the Hertel exophthalmometer.

Thyroid eye disease is the most common
cause of unilateral or bilateral proptosis. The
extraocular muscle enlargement seen in
patients with IgG4-RD could be misinterpreted
as being secondary to Graves ophthalmopathy.
A distinguishing feature between these two
diseases may be the pattern of extraocular
muscle involvement. The lateral rectus muscle
is the most commonly involved muscle in IgG4-
RD, while Graves ophthalmopathy tends to
spare the lateral rectus muscle until late in the
disease course. Furthermore, detections of
infraorbital nerve involvement and sinus dis-
ease could be typical features of IgG4-RD.
Another differential diagnosis is orbital myosi-
tis. Orbital myositis most frequently affects the
medial rectus muscle, followed by the superior
rectus muscle and lateral rectus muscle, and is
most often unilateral. In contrast, IgG4-RD
favors the lateral rectus muscle and is most
commonly bilateral. Unlike IgG4-RD of the
orbit, patients with orbital myositis classically
present with orbital pain [10].

Optic perineuritis with a doughnut sign and
tram-track sign reflects inflamed soft tissues
surrounding the optic nerve. Optic menin-
gioma also presents with the tram-track sign,
but the lesion is almost unilateral, with the
exception of neurofibromatosis type II which
may develop bilateral tumors. In the present
case, a tram-track sign surrounding the left
maxillary nerve and enlarged bilateral infraor-
bital nerves were also noted. Involvement of the
trigeminal nerve, especially the infraorbital
nerve, is now a well-recognized manifestation
of IgG4-ROD. Thus, the patient reported herein
presenting with bilateral doughnut signs of
bilateral infraorbital nerves, tram-track sign of
the left maxillary nerve, and both doughnut
and tram-track signs of bilateral optic nerves
could be highly suspected as having IgG4-RD
according to the supportive findings of MRI.

This study has a number of limitations. First,
the study has a retrospective design; secondly, a
standard treatment protocol for IgG4-RON is
required to clarify the visual recovery; thirdly,
the sample size is relatively small; fourthly, as
the optic perineuritis is demonstrated from
MRI, it might be misdiagnosed without imaging
in cases with subacute presentation. Further
studies may need to collect more cases to
investigate the risk factors of visual outcomes.

CONCLUSION

In summary, we presented a clinicopathologic
diagnosis of IgG4-RD with bilateral optic per-
ineuritis, enlarged maxillary nerves with per-
ineural spreading to infraorbital nerves, and
pansinusitis. Histopathologic examination of
biopsy specimen of sinus tissue provided proof
of the diagnosis. A poor prognosis is associated
with delays in initiating management. Conse-
quently, prompt recognition of IgG4-RON and
early treatment with high-dose corticosteroids
and an immunosuppressive agent could avert
further visual loss.
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