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Abstract
Objectives To measure the frequency of infraorbital nerve en-
largement (IONE) on magnetic resonance imaging (MRI) in
European patients suffering from an IgG4-related ophthalmic
disease (IgG4-ROD) as compared to patients suffering from
non-IgG4-related ophthalmic disease (non-IgG4-ROD).
Methods From January 2006 through April 2015, 132 pa-
tients were admitted for non-lymphoma, non-thyroid-related
orbital inflammation. Thirty-eight had both pre-therapeutic
orbital MRI and histopathological IgG4 immunostaining.
Fifteen patients were classified as cases of IgG4-ROD and
23 patients as cases of non-IgG4-ROD. Two readers per-
formed blinded analyses of MRI images. The main criterion
was the presence of an IONE, defined as the infraorbital nerve
diameter being greater than the optic nerve diameter in the
coronal section.
Results IONE was present in 53% (8/15) of IgG4-ROD cases
whereas it was never present (0/23) in cases of non-IgG4-
ROD (P < 0.0001). IONE was only present in cases where,

onMRI, the inflammation of the inferior quadrant was present
and in direct contact with the ION canal.
Conclusions In European patients suffering from orbital in-
flammation, the presence of IONE on an MRI is a specific
sign of IgG4-ROD. Recognition of this pattern may facilitate
the accurate diagnosis for clinicians and allow for the adequate
management and appropriate care of their patients.

Key points
• IONE on an MRI is a specific sign of IgG4-ROD.
• IONE recognition allows for a quicker diagnosis and appro-
priate management.

• IONE appears when inflammation is in direct contact with
the ION canal.

Keywords IgG4-related ophthalmic disease . Orbital
inflammation .MRI . Infra-orbital nerve enlargement .

Diagnosis

Abbreviations
IgG4-ROD IgG4-related ophthalmic disease
non-IgG4-ROD non-IgG4-related ophthalmic disease
MRI Magnetic resonance imaging
ION Infra-orbital nerve
IONE Infra-orbital nerve enlargement
MIONE Mild infra-orbital nerve enlargement

Introduction

IgG4-related disease (IgG4-RD) is a rare systemic condition
that was identified relatively recently [1, 2]. The estimated
prevalence of IgG4-RD in Japan ranges from 0.28 to 1.08
per 100,000 inhabitants [2]. IgG4-RD has been found
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responsible for fibroinflammatory lesions of numerous organs
and anatomical regions such as the pancreas, liver, biliary
tract, salivary glands, lymph nodes, orbits, kidneys, and lungs
[1–6]. Two main pathological signs characterise IgG4-RD: a
dense lymphoplasmacytic infiltrate by cells expressing IgG4
and storiform fibrosis [7]. The pathophysiology of IgG4-RD
is still poorly understood. It is most plausibly an autoimmune
disease involving both humoral and cellular immunity [5].
The orbital part of IgG4-RD is known as an IgG4-related
ophthalmic disease (IgG4-ROD). IgG4-ROD concerns 4%-
34% of patients suffering from IgG4-RD [8–10], the orbital
region being the first most frequent site of the head and neck
region to be involved in IgG4-RD [11]. A non-negligible part
(6%-40%) of orbital inflammation cases formerly considered
idiopathic are in fact cases of IgG4-ROD [8, 12–14]. IgG4-
ROD usually presents with an involvement of the lacrimal
gland (dacryoadenitis), extraocular muscles (myositis), and/
or the intraorbital fat. It is currently noted that IgG4-RD has
a particular tropism for cranial nerves [15–17]. Recent publi-
cations indicate a close association between the infiltration of
the branches of the trigeminal nerve, particularly its
infraorbital branch, and the diagnosis of IgG4-ROD [6,
18–21]. The infraorbital nerve enlargement (IONE) is consid-
ered a key sign of IgG4-ROD, according to the Japanese
Study Group for IgG4-ROD [22]. Other radiological features
of IgG4-ROD are non-specific and appear comparable to any
other orbital inflammation. Therefore, IONE appears particu-
larly promising to identify IgG4-ROD.

However, most studies conducted to date mainly included
Asian patients, and the reproducibility of those findings in
other ethnic groups remains unproven. The aim of our study
was to evaluate the prevalence of IONE in European patients
with histologically proven IgG4-ROD as compared with non-
IgG4-related ophthalmic disease (non-IgG4-ROD).

Materials and methods

Study design and setting

We conducted a retrospective systematic chart review in a
tertiary referral centre specialising in ophthalmology diseases.

Ethical approval, patient information, and consent

This study was prospectively approved by our institutional
Research Ethics Board and adhered to the tenets of the
Declaration of Helsinki. All patients were contacted at the
time of the study and informed in writing of its aims and
methods. They were given the opportunity to express their
refusal to have their medical records used for the study.

Patients

We aimed at reviewing the medical charts and magnetic reso-
nance imaging (MRI) of adult patients suffering from orbital
inflammation treated in our centre from January 2006 through
April 2015.

Inclusion criteria were:

& Patient aged 18 and older
& The presence of a clinical orbital inflammation:

mass/swelling, pain, exophthalmos, visual loss, ptosis, or
diplopia.

& The presence of at least one pretherapeutic MRI
confirming the inflammation of one or more orbital struc-
tures: the lacrimal gland, fat, muscles, or ION. The man-
datory minimal MRI protocol included the following se-
quences: T1- and T2-weighted MR image, in the trans-
verse and coronal plane, and a fat-suppressed T1-weighted
MR image in the coronal plane obtained after intravenous
administration of a gadolinium chelate.

& Completion of at least one orbital biopsy with a pathologic
examination and an immunohistochemical screen for
IgG4.

Exclusion criteria were:

& Clinical and biological signs of thyroid-associated
orbitopathy

& Histologically proven lymphoma
& A pretherapeutic MRI that is insufficient for an adequate

interpretation
& The absence of IgG4 testing in the pathology examination

A flowchart illustrating the selection of patients is
shown in Table 1. From January 2006 through April
2015, 1438 patients consulted in our hospital for orbital
inflammation. We excluded 987 patients with thyroid-
associated orbitopathy and 319 patients with histological-
ly proven lymphoma. Out of the remaining 132 patients,
94 did not meet the inclusion criteria. Finally, 38 patients
were included in the study.

Review of clinical charts

All patients’ medical charts were systematically reviewed to
retrieve the following clinical data:

& The laterality of orbital inflammation (left, right, or
bilateral)

& The presence or absence of each of the following clinical
signs: a mass, swelling, visual loss, diplopia, ptosis, and
exophthalmos
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Review of histopathological data

The pathology slides of each patient were re-read by two se-
nior pathologists and each patient was subsequently classified
as either with IgG4-ROD or with non-IgG4-ROD, in compli-
ance with the 2011 Umehara diagnostic criteria (9). Patients
with lymphoplasmacytic infiltrate consisting of more than ten
cells expressing the IgG4 by high-power field (HPF, 0.196
mm2) and a cell ratio of IgG4+ cells/IgG+ cells >40% were
classified as cases of IgG4-ROD. Other patients were classi-
fied as cases of non-IgG4-ROD.

Review of MR imaging

The 38 patients’MRIs were blinded for clinical and patholog-
ical data and read independently and in random order by two
radiologists. One radiologist was a senior neuroradiologist
specialising in orbital imaging with 7 years of experience
(*BLINDED*) and the other radiologist was a general radiol-
ogist with 5 years of experience (*BLINDED*).
Discrepancies were resolved by consensus.

Our primary MRI criterion was the presence of infraorbital
nerve enlargement (IONE), defined as an infraorbital nerve
that is larger than the optic nerve on a coronal section [20].

The following MRI characteristics were assessed:

& The presence of mild infraorbital nerve enlargement
(MIONE) defined as a larger coronal section of the ION
in comparison with contralateral ION, but with the coronal
section of the ION remaining smaller than or equal to that
of the optic nerve;

& The T1, T2, and diffusion-weighted imaging signal of the
orbital lesion and ION defined as hypointense, isointense,
or hyperintense compared with a healthy extraocular mus-
cle signal as reference;

& The ION enhancement (rated from 0 to 3 as follows: 0 if
no enhancement is noted, 1 if enhancement is lower than
healthy extraocular muscles, 2 if it has the same enhance-
ment as the extraocular muscles, 3 if the enhancement is
higher than the extraocular muscles);

& The pattern of contrast enhancement: is it affecting the
whole nerve or only its periphery?

& The presence of infiltration of the orbital fat;
& The presence of myositis;
& The presence of a dacryoadenitis;
& The presence of an involvement of the orbital apex;
& The presence of an involvement of any other branches of

the trigeminal nerve.
& The orbital quadrant predominantly affected by the in-

flammation: external superior quadrant, internal superior
quadrant, external inferior quadrant, internal inferior
quadrant;

& The presence of a contact between the orbital inflamma-
tory changes and the ION;

& The presence of a maxillary sinus disease.

Statistical analysis

Data were analysed using the R software package [23]. The
two groups of patients (IgG4-ROD and non-IgG4-ROD) were
compared in univariate analyses for patients’ characteristics,
clinical items, and MRI criteria. Fisher’s exact test was used
for nominal variables, the Kruskal-Wallis rank sum test was
used for ordinal variables, and the Student’s test was used for
continuous variables. P-values below 0.05 were considered
significant. Subsequently, a multivariate model was developed
using recursive partitioning to predict patients’ diagnoses
(IgG4-ROD or non-IgG4-ROD) from a combination of MRI
signs. Inter-observer agreement for MRI reading was assessed

Table 1 Flow chart between January 2006 and April 2015: n = 1438 patients
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using non-weighted kappa statistics and interpreted according
to Landis and Koch [24].

Results

Demographic and clinical characteristics

Thirty-eight patients were included in the study, of whom 15
had a definite diagnosis of IgG4-ROD and 23 had non-IgG4-
ROD. Demographic and clinical data are presented in Table 2.
In the non-IgG4-ROD group, 18 patients had idiopathic orbit-
al inflammation, 2 had sarcoidosis, and 3 had Sjögren syn-
drome. Themedian age was 47 years. There was no difference
between the two groups in either demographic characteristics
or clinical signs. Out of 38 MRIs, 30 had been performed at
our centre, with a 3-T Philips INGENIA or a 1.5-T Philips
ACHIEVA imager with a 32-channel head coil (Philips
Medical Systems, Best, The Netherlands). Eight other MRIs
had been performed in other facilities with a 1.5-T imager.

Infraorbital nerve involvement

IONE was present in eight (53%) IgG4-ROD patients (as
shown in Fig. 1) whereas it was not present in non-IgG4-
ROD patients; the difference was highly significant (P <
0.0001). The sensitivity, specificity, positive predictive value,
and negative predictive value of IONE for IgG4-ROD were
53%, 100%, 100%, and 77%, respectively.

MIONE was present in three patients, all of them non-
IgG4-ROD (P = 0.011) (as shown in Fig. 2).

Considering post-contrast sequences, IgG4-ROD patients
were significantly more likely to present with ION enhance-
ment (P < 0.05). IgG4-ROD patients were significantly more
likely to present with an enhancement of the whole nerve: 6/7
(86%) versus only 1/3 (33%) patients in the non-IgG4-ROD
group (P = 0.01). The remaining patients had only peripheral
enhancement.

Localisation of inflammation and IONE

In the IgG4-ROD group, the localisation of the inflammation
(superior versus inferior quadrants) was strongly associated
with IONE (P < 0.001): 8/10 80% patients with an involve-
ment of one lower orbital quadrant had an IONE (as shown in
Fig. 1) whereas IONE was never present in cases with inflam-
mation involving only an upper quadrant (as shown in Fig. 3).
Moreover, IONE was strongly associated with the presence of
a Bcontact^ between orbital inflammation and the infraorbital
canal (P < 0.00001): contact was present in all IONE cases
and not present in non-IONE cases. There was no significant
extraocular nerve or trigeminal nerve branch enlargement by
the Bcontact^ of inflammation.

Involvement with other trigeminal branches

The involvement of any other branch of the trigeminal nerve
was significantly higher in IgG4-ROD patients (P < 0.005).
The frequency of the isolated involvement of the frontal or
mandibular branches of the trigeminal nerve was not different
between IgG4-ROD and non-IgG4-ROD patients (as shown
in Fig. 4).

Signal and morphological characteristics

IgG4-ROD inflammatory lesions were significantly less likely
to present with T2 hyperintensity (P < 0.01) and significantly
more likely to present with T2 isointensity (P < 0.02). There
was no difference of signal—in either T1 or diffusion-
weighted imaging sequences—between IgG4-ROD and non-
IgG4-ROD. There was also no difference between the two
groups regarding morphological characteristics (as shown in
Table 3).

Maxillary sinus disease

Nine (60%) IgG4-ROD patients presented with a maxillary
sinus disease versus 7 (30%) non IgG4-ROD patients, but this
was not significant (P = 0.37).

Multivariate analysis

The recursive partitioning procedure led to a simple two-
branch decision tree: if IONE was present, then we could
predict an IgG4-ROD aetiology; if IONE was not present,
then we could not predict a non-IgG4-ROD aetiology. No
other MRI criterion added predictive value in a multivariate
model.

Inter-observer agreement

The two blinded readers assessing IONE and MIONE had
excellent (k = 1) and good (k = 0.78) inter-observer agreement
respectively.

Discussion

Comparison with literature

IONE appeared to be a specific sign to diagnose IgG4-ROD in
European patients suffering from orbital inflammation. Most
data published so far on IgG4-ROD pertain to Asian patients,
especially Japanese patients. The literature analysis showed
the preponderance of Asian series related to IgG4-ROD, es-
pecially Japanese series representing 41.9% of the articles and
86.6% of patients versus only 9.3% of studies and 4.1% of
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patients for the European series [11]. More generally, the
Asian series-to-Western series ratio was around 2.4 to 1 [8].
The largest non-Asian series included 27 North-American pa-
tients [21]. Despite the ethnic differences, our results were
consistent with the main study that investigated IONE [20],
reporting 40.9% of IONE in 16 patients with IgG4-ROD, and
slightly higher than those of other Japanese and American
series with a prevalence ranging from 23.8% to 32% [6, 18,
19, 21, 25]. We had less bilateral and lacrimal gland involve-
ment and a higher incidence of inferior locations of inflamma-
tion compared to the literature [8, 21]. We also had fewer

maxillary sinus diseases than the 89% reported in the literature
[21], and there was no significant difference between IgG4-
ROD and non-IgG4-ROD in our series. The prevalence of the
involvement of any other branch of the trigeminal nerve was
87% in our study, higher than the 24%-42.3% reported in the
literature [6, 18, 19, 25]. However, the involvement of

Table 2 Demographic and clinical characteristics

Total IgG4-ROD Non-IgG4-ROD P

Number of patients (n) 38 15 23

Sex ratio (M/F) 24/14 9/6 15/8 1

Median age (years) 49.1 47.6 50.1 0.76

Affected side (left/right) 21/11 8/5 13/6 0.9

Bilateral involvement n (%) 6 (16%) 2 (13%) 4 (17%) 1

Mass/swelling n (%) 17 (54%) 8 (61%) 9 (50%) 0.71

Pain n (%) 9 (29%) 5 (38%) 4 (22%) 0.43

Exophthalmos n (%) 20 (64%) 9 (69%) 11 (61%) 0.71

Visual loss n (%) 10 (32%) 3 (23%) 7 (39%) 0.77

Ptosis n (%) 5 (16%) 1 (7%) 4 (22%) 0.36

Diplopia n (%) 16 (51%) 5 (38%) 11 (61%) 0.28

IgG4-ROD = IgG4-related ophthalmic disease; non-IgG4-ROD = non-IgG4-related ophthalmic disease

Fig. 1 Orbital MRI coronal T2 sections (a) and T1 Fat Sat (b) after
injection of gadolinium in a patient with IgG4-ROD, showing an
infraorbital nerve enlargement and enhancement (white star). It shows
thickening, T2 hyperintensity and enhancement of the right lateral
rectus and inferior rectus muscles (white arrowhead) as well as orbital
fat inflammation (black arrowhead)

Fig. 2 Orbital MRI coronal T2 (a) and post-contrast T1 Fat Sat (b) show
a left diffuse orbital inflammation with a MIONE and only peripheral
nerve enhancement in a non-IgG4-ROD patient presenting with
idiopathic orbital inflammation (white arrow)
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branches of the trigeminal nerve may be inconspicuous, such
as the frontal nerve, or the maxillary nerve in the foramen
rotundum. Previous studies were not specifically designed to
search for a trigeminal nerve involvement [6, 18, 19, 21],
which may have led to an underestimation. We did not find
any IONE in the non-IgG4-ROD patients compared to 50% in
an Anglo-Australian series [17]. In this series, all patients
presented with an orbital benign lymphoid hyperplasia, a di-
agnostic entity histologically considered as IgG4-ROD [12,
14]. The comparison with previous studies is presented in
Table 4.

Choice of diagnostic criteria

The comparison with literature data remains challenging be-
cause of the constantly evolving nature of this disease. The

diagnostic criteria for IgG4-ROD are still currently being de-
fined, and none of the four sets of diagnostic criteria proposed
to date have been validated [7, 22, 26, 27]. We decided to use
the Japanese consensus by Umehara [7], which considers

Fig. 3 MRI T2 orbital coronal sections (a) and post-contrast T1 Fat Sat
(b) show bilateral IgG4-related dacryoadenitis (white star). Note the
absence of IONE (white arrowhead)

Fig. 4 MRI T2 orbital coronal sections of IgG4-ROD patients show
perineural spread along the frontal branch of the ophthalmic nerve (V1)
(white star) (a), along the maxillary branch of the trigeminal nerve into
the foramen rotundum (V2) (white arrowhead) (b) and along the
mandibular branch of the trigeminal nerve into the foramen ovale (V3)
(white arrow) (c)
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patients fulfilling the criteria for the defined or probable IgG4-
ROD to be positive. This agreement established a cut-off at
ten cells expressing IgG4 by HPF for the diagnosis—this
threshold being relatively low compared to other studies’
cut-off at up to 100 [26]. The choice of this criterion was
motivated by the fact that it had been used in other similar
series, thus allowing for the comparability of our results [12,
20, 28–30]. They fulfil the last criteria specifically proposed
for IgG4-ROD, requiring the presence of an orbital mass and/
or swelling associated with a lymphoplasmacytic infiltrate
composed either by >50 IgG4 + cells/HPF or by a ratio
IgG4/IgG >40% [22].

Contact between inflammation and ION

We have studied the strong correlation between IONE and the
presence of a Bcontact^ with the orbital inflammation, which
has never been described in the literature to our knowledge. In
our series, all patients with IgG4-ROD presenting with orbital
inflammation in contact with the ION canal had IONE. On the
contrary, there was no IONE in patients presenting with IgG4-
related inflammation away from the ION canal, like in
dacryoadenitis. The IgG4-RD is known for its neural tropism,
and it seems that neural infiltration occurs by direct contiguity
with the orbital inflammation [6]. The tropism of the IgG4-RD

Table 3 MRI characteristics
IgG4-ROD (n = 15) Non-IgG4-ROD (n = 23) P

IONE 8 0 0.00013

MIONE 0 3 0.011

ION enhancement 7 3 0.03

Whole ION enhancement 6 1 0.01

Peripheral ION enhancement 1 2 NS

Inferior quadrant involvement 10 7 0.0458

Isosignal T1 WI 11 14 0.212

Isosignal T2 WI 4 0 0.018

Hypersignal T2 WI 6 20 0.00335

Hypersignal DWI 0 0 1

Any trigeminal nerve branch involvement 13 8 0.0025

Fat infiltration 13 18 0.68

Myositis 12 19 1

Dacryoadenitis 8 14 0.742

Apical involvement 5 8 1

Maxillary sinus disease 9 7 0.37

DWI = diffusion-weighted imaging; IgG4-ROD = IgG4-related ophthalmic disease; ION = infraorbital nerve;
IONE = infraorbital nerve enlargement; MIONE = mild infraorbital nerve enlargement; MRI = magnetic reso-
nance imaging; non-IgG4-ROD = non-IgG4-related ophthalmic disease ; WI = weighted imaging

Table 4 Comparison with literature data

IgG4-ROD IONE Trigeminal involvement Mean age Sex Bilaterality

Ohshima et al. 2012 [20] n = 16 40.9% NA NA NA NA

Sogabe et al. 2014 [18] n = 65 32% 38.5% 59.4 31M/34W 53%

Takano et al. 2014 [19] n = 68 29.4% NA 58.8 31M/37W NA

Inoue et al. 2012 [25] n = 6 23.8% 42.9% NA NA NA

Katsura et al. 2012 [16] n = 17 NA 24% 66.1 15M/2W NA

Tiegs-Heiden et al. 2014 [21] n = 27 30% NA 51 10M/17W 88%

Wu et al. 2015 [8] (meta-analysis) n = 172 NA 23-39% 57 90M/82W 68%

Our series n = 15 53% 87% 47.6 6M/9W 13%

IgG4-ROD = IgG4-related ophthalmic disease; IONE = infraorbital nerve enlargement; NA = not applicable
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for peripheral nerves had already been highlighted in several
papers, with a prevalence of around 6% [25, 31]. Periorbital
nerve infiltration, especially infra- and supraorbital nerves,
accounted for two-thirds of the neural involvements and were
always associated with IgG4-ROD in Inoue’s series [25].

Differential diagnoses and pitfalls

IgG4-ROD is not the only orbital disease presenting with
IONE. Differential diagnoses include aggressive tumours
[32] and neurogenic tumours [33], with a distinct clinico-
radiological presentation. Diagnosis may be challenging in
cases of lymphoma, with a clinical presentation very close to
orbital inflammations. However, they present with a strongly
restricted apparent diffusion coefficient on anMRI [34]. Thus,
we deliberately chose to exclude orbital lymphoma from our
study in order to have a homogeneous population with orbital
inflammation. In this study, none of the orbital inflammations
presented with diffusion restriction visible via MRI. Finally,
some specific orbital inflammatory diseases such as sarcoido-
sis may be responsible for perineural spread [35]; we did not
observe any IONE in our series, but our series was underpow-
ered in this regard, with only two cases of sarcoidosis-related
orbital inflammation.

In this study, we observedMIONE in 3/23 non-IgG4-ROD
patients. On the contrary, all IgG4-ROD patients presenting
with IONE had an obvious enlargement of the ION with a
coronal section of the ION larger than that of the optic nerve
whereas no IgG4-ROD patient had a MIONE. These cases of
MIONE are probably related to non-specific inflammatory
changes rather than perineural spread as observed in the
IgG4-ROD cases and should be interpreted with caution.
Some authors measured the infraorbital canal and suggested
a cut-off of 3.3 mm to define IONE [19], but we believe that
IONE can easily be assessed visually [20]. Thus, even radiol-
ogists who are not specialised in orbital imaging can easily
recognise IONE as a key sign and alert the clinician.

Limits of the study

Our study suffers several limitations. First, this is a retrospec-
tive, single-centre study, with a relatively small number of
patients, thus limiting its statistical power. Second, a signifi-
cant number of patients were excluded, with possible selection
bias. Third, the examinations performed were not homoge-
neous. MRIs were not performed on the same machine or at
the same field level. Nevertheless, we have retained the IONE
as the primary endpoint, which is less dependent on image
quality. Fourth, clinical and biological data such as serum
IgG4 levels were missing for some patients. However, all
patient records indicated that histological and immunohisto-
chemical analyses were conducted according to international
recommendations [7, 22].

Clinical relevance

IgG4-ROD patients often present with a subacute or insidious
onset, with the symptoms of orbital mass effect developing
gradually, often with minimal or no signs of inflammation.
The reported mean duration of symptoms is often long, rang-
ing from 4 to 61 months [14]. In the current practice, the early
establishment of an appropriate treatment is essential to pre-
vent irreversible damage such as a steady decrease in visual
acuity or ocular dryness related to fibrosis [36]. The therapeu-
tic protocols are different between idiopathic orbital inflam-
mation and IgG4-ROD, making the distinction between these
entities essential. Systemic corticosteroids remain the recom-
mended treatment but carry a high recurrence rate [36].
Biotherapy with an anti-CD20 monoclonal antibody
(rituximab) appeared to be effective [37].

Changes in the current practice

Identifying an IONE is essential for clinicians, especially be-
cause no other clinical or imaging findings help to differenti-
ate IgG4-ROD from other orbital inflammatory diseases.
Infraorbital nerve enlargement is a distinct, specific sign to
predict IgG4-related aetiology in European patients suffering
from orbital inflammation. A quicker diagnosis should allow
for a more accurate management of patients with a quicker
appropriate treatment and may contribute to an improved
functional outcome of these patients. Further studies are need-
ed to confirm the usefulness of this key sign in larger
European populations.
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