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Objective. Riedel’s thyroiditis is a chronic fibrosing disorder of unknown etiology often associated with “multifocal
fibrosclerosis.” IgG4-related systemic disease is characterized by IgG4� plasma cell infiltration and fibrosis throughout
many organs. We hypothesized that Riedel’s thyroiditis is part of the IgG4-related systemic disease spectrum.
Methods. We searched our institution’s pathology database using the terms “Riedel’s,” “struma,” “thyroid,” and “fibro-
sis,” and identified 3 cases of Riedel’s thyroiditis. Riedel’s thyroiditis was diagnosed if there was a fibroinflammatory
process involving all or a portion of the thyroid gland, with evidence of extension of the process into surrounding tissues.
Immunohistochemical stains for IgG4 and IgG were performed. The histopathologic and immunohistochemical features
of each involved organ were evaluated. The clinical features of one patient with multiple organ system disease were
described.
Results. All 3 thyroidectomy samples stained positively for IgG4-bearing plasma cells. One patient had extensive
extrathyroidal involvement diagnostic of IgG4-related systemic disease, including cholangitis, pseudotumors of both the
lung and lacrimal gland, and a lymph node contiguous to the thyroid that stained intensely for IgG4� plasma cells. The
histologic features of all organs involved were consistent with IgG4-related systemic disease. Patient 3 had 10 IgG4�
plasma cells per high-power field initially, but rebiopsy 2 years later demonstrated no IgG4� plasma cells. That patient’s
second biopsy, characterized by fibrosis and minimal residual inflammation, further solidifies the link between IgG4-
bearing plasma cells in tissue and the histologic evolution to Riedel’s thyroiditis.
Conclusion. Riedel’s thyroiditis is part of the IgG4-related systemic disease spectrum. In many cases, multifocal fibro-
sclerosis and IgG4-related systemic disease are probably the same entity.

INTRODUCTION

More than 100 years ago, Riedel described 3 cases of a
peculiarly hard, infiltrative lesion of the thyroid gland
(1–3). On the basis of physical examinations and intraop-
erative findings, all 3 patients were believed to have thy-
roid malignancies. However, histologic examination re-
vealed a chronic inflammatory process in each case.
Riedel commented on “collections of round cells inter-
spersed among normal thyroid tissue, whereby the latter

(becomes). . .destroyed” (4). This unusual and poorly
understood thyroid disorder became known as Riedel’s
thyroiditis.

Riedel’s thyroiditis is associated with global or partial
fibrosis of the thyroid gland, destruction of the thyroid
follicle architecture, obliterative phlebitis, and a mixed
infiltrate of lymphocytes, eosinophils, and plasma cells
(5–8). The fibrosis that characterizes this disease typically
extends beyond the thyroid capsule and into surrounding
tissues, particularly the trachea and the infrahyoid
(“strap”) muscles (9,10). The diagnostic evaluation for
Riedel’s thyroiditis usually involves imaging studies and
needle biopsies, but the diagnosis is generally confirmed at
thyroidectomy. The indication for thyroidectomy is usu-
ally to exclude malignancy or to alleviate compressive
symptoms (10).

In a review of 57,000 thyroidectomies performed at the
Mayo Clinic between 1920 and 1984, 37 cases of Riedel’s
thyroiditis were identified, with an estimated incidence of
1.06 cases per 100,000 outpatients (11). A Cleveland Clinic
review described 6 cases identified over a 40-year period
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(8). The rarity of Riedel’s thyroiditis has made treatment
studies difficult, but many patients respond to glucocorti-
coids (12). Tamoxifen has also been employed in some
patients in an attempt to treat the fibrosis characteristic of
Riedel’s thyroiditis and to minimize glucocorticoid toxic-
ity (13,14).

Riedel’s thyroiditis has long been linked to a generalized
fibroinflammatory process termed “multifocal fibrosclero-
sis” (MFS) (15,16). One-third of patients with Riedel’s
thyroiditis develop fibrosing disorders in other organs over
a 10-year period (11,17). Riedel’s thyroiditis frequently
occurs in close temporal association with sclerosing
cholangitis; retroperitoneal or mediastinal fibrosis; or fi-
brosis of the lung, parotid, or lacrimal glands (18,19).
Beyond case reports and case series, however, little has
been written about MFS; its basis has remained obscure.

IgG4-related systemic disease is an emerging multiple
organ system condition that is defined by the infiltration of
IgG4� plasma cells and fibrosis (20–22). IgG4-related sys-
temic disease is known to affect the pancreas, biliary tree,
salivary glands, the periorbital tissues and ocular adnexa,
kidneys, lungs, lymph nodes, meninges, aorta, breast, co-
lon, and prostate gland (23). The histologic findings in
IgG4-related systemic disease include a lymphoplasma-
cytic infiltrate, storiform fibrosis, an abundance of eosino-
phils, and obliterative phlebitis (22). Up to 95% of patients
have elevated serum IgG4 concentrations, which can be
more than 25 times the upper limit of normal (24,25).
However, estimates as low as 54% have also been reported
for serum IgG4 concentrations (26). Recent reports suggest
an association between MFS and IgG4-related systemic
disease (27,28).

Riedel’s thyroiditis and IgG4-related systemic disease
share the histopathologic features of fibrosis, lymphoplas-
macytic infiltration, tissue eosinophilia, and obliterative
phlebitis (22). Moreover, IgG4-related systemic disease
and MFS have similar patterns of multiple organ involve-
ment: both have a tendency to involve the biliary system,
retroperitoneum, salivary and lacrimal glands, and retro-
bulbar space. The aim of this study was to determine
whether Riedel’s thyroiditis and MFS are part of the IgG4-
related systemic disease spectrum.

MATERIALS AND METHODS

We searched the pathology department database for the
terms “Riedel,” “struma,” “thyroid,” and “fibrosis,” and

identified 3 cases of Riedel’s thyroiditis diagnosed be-
tween 1991 and 2009. Criteria for the diagnosis of Riedel’s
thyroiditis were modified from those of Papi and LiVolsi
(10). Riedel’s thyroiditis was diagnosed histopathologi-
cally if the following features were present: a fibroinflam-
matory process involving all or a portion of the thyroid
gland and evidence of extension of the process into sur-
rounding tissues. Occlusive phlebitis was not required for
the diagnosis of Riedel’s thyroiditis. In addition, giant
cells, granulomas, extensive Hürthle cell change, and fea-
tures of malignancy were absent. Patients with the diag-
noses of Hashimoto thyroiditis or fibrosing Hashimoto thy-
roiditis were excluded from this study. The medical
records of all 3 patients were reviewed to confirm that the
clinical findings were compatible with Riedel’s thyroid-
itis and to identify any extrathyroidal organ involve-
ment consistent with IgG4-related systemic disease. The
original hematoxylin and eosin–stained slides were re-
viewed and stained immunohistochemically using anti-
bodies to IgG4 (Zymed; 1:200 dilution) and IgG (Dako;
1:3,000 dilution).

The degree of plasma cell infiltration and IgG4 staining
within biopsy samples was quantified. For each case, the
number of plasma cells staining for IgG4 was assessed in 3
non-overlapping high-power fields (hpf; magnification �
400). The 3 fields with the highest degree of IgG4 reactivity
were selected for quantitation. The number of IgG4�
plasma cells was then divided by the total number of
IgG-bearing plasma cells in these fields.

The diagnosis of IgG4-related systemic disease was
based on the following criteria: 1) histopathologic features
consisting of a lymphoplasmacytic infiltrate and fibrosis
with or without obliterative phlebitis within involved or-
gans (20,29–31), and 2) either an IgG4/IgG plasma cell
ratio of �50% within the thyroid or the parenchyma of
other affected organs, or more than 10 IgG4-bearing plasma
cells per hpf (32,33).

RESULTS

The demographic, pathologic, and immunohistochemical
features of the 3 patients are shown in Table 1. The clinical
history of patient 1 is detailed below, followed by brief
clinical histories of patients 2 and 3.

Patient 1. A 39-year-old woman with hypothyroidism
and anxiety presented with an enlarging goiter. A thyroid

Table 1. Demographic, clinical, and pathologic features of patients with Riedel’s thyroiditis

Patient
Age,
years Sex

Indication for
thyroidectomy

Fibrosis
intraoperatively Pathology

Thyroid
IgG4/IgG

1 39 Female Compressive
symptoms

Yes Fibroinflammatory infiltrate with extrathyroidal
extension

0.8

2 43 Female Rule out thyroid
carcinoma

Yes Fibroinflammatory infiltrate with extrathyroidal
extension and phlebitis

0.56

3 37 Female Compressive
symptoms

Yes Left thyroid: fibroinflammatory infiltrate with
extrathyroidal extension

0.20

Right thyroid: dense hyalinizing type of fibrosis
with extrathyroidal extension
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ultrasound showed a heterogeneous, vascular goiter con-
sistent with thyroiditis. A fine needle aspirate was nondi-
agnostic, but a core biopsy sample of the right thyroid
gland revealed dense sclerosis with scattered lympho-
cytes, plasma cells, and eosinophils. These histopatho-
logic features were thought to be consistent with Riedel’s
thyroiditis. A computed tomography (CT) scan of the neck
showed diffuse enlargement of the thyroid gland but no
fibrous extension to adjacent tissues (Figure 1A). However,
it also revealed a spiculated, 1.8-cm nodule within the
right apex of the lung (Figure 1B).

A positron emission tomography (PET) scan was per-
formed to evaluate the possibility of metastatic disease.
The PET scan showed diffuse fluorodeoxyglucose (FDG)
uptake within both the thyroid gland and the lung nodule.

In addition, focal FDG uptake was present within the liver
and 2 iliac and mesenteric lymph nodes. The patient was
referred for consideration of both thyroidectomy and lung
biopsy. However, her preoperative evaluation demon-
strated elevations of liver function tests. The serum aspar-
tate and alanine aminotransferase concentrations were 220
units/liter (normal range 9–32) and 443 units/liter (normal
range 7–30), respectively. The serum alkaline phosphatase
and total bilirubin concentrations were 932 mg/dl (normal
range 30–100) and 0.4 mg/dl (normal value �1.0), respec-
tively. The lung biopsy was deferred.

Viral hepatitis serologies, a serum ceruloplasmin con-
centration, and a serum protein electrophoresis were all
normal. The serum IgG4 concentration was 97.9 mg/dl
(normal range 8.0–140.0). A magnetic resonance cholan-

Figure 1. Imaging studies on patient 1. A, Computed tomography (CT) scan showing diffuse enlargement of the thyroid gland. Fibrous
extension into adjacent tissues was found at the thyroidectomy. B, CT scan revealing a spiculated, 1.8-cm nodule (arrow) within the right
apex of the lung. C, Endoscopic retrograde cholangiopancreatogram. This study reveals high-grade obstruction of the biliary tree at the
confluence of the left and right hepatic ducts.
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giopancreatogram showed intrahepatic biliary duct dilata-
tion involving both lobes of the liver and a 3.4 � 1.0–cm
mass, highly suspicious for cholangiocarcinoma, that
arose from the confluence of the hepatic biliary duct. An
endoscopic retrograde cholangiopancreatogram demon-
strated high-grade obstruction at the confluence of the left
and right hepatic ducts (Figure 1C). Two biliary stents
were placed. Biliary tree brushings and biopsy samples of
the bile ducts and the ampulla of Vater were negative for
malignancy. After stent placement, the patient’s serum
aminotransferase concentrations normalized within 15
days and her alkaline phosphatase level declined to 529
mg/dl. Seven weeks after her original thoracic surgery
referral, the patient underwent a video-assisted thoras-
copic lung biopsy and thyroidectomy. Histologic examina-
tion of the thyroid and lung tissue excluded malignancy
and was consistent with a fibroinflammatory process (see
below). The initial diagnosis was MFS.

The patient began treatment with prednisone (60 mg/
day) that was tapered to discontinuation over a 2-month
period. Her serum alkaline phosphatase concentration
normalized and a followup PET scan showed no residual
FDG uptake within the liver or other organs. Her biliary
stents were removed. Four months later, however, she
experienced a recurrence of neck pressure and an enlarg-
ing goiter. She began treatment of her MFS with tamoxifen.
One month after beginning tamoxifen, a full year following
her presentation with a goiter, the patient developed en-
largement of the left lacrimal gland.

Patient 2. A 43-year-old woman had been diagnosed
with Hashimoto thyroiditis 16 years before presentation.
She had received variable doses of levothyroxine to main-
tain a euthyroid state. One year before presentation, she
had developed an asymptomatic thyroid nodule. A fine
needle aspirate of the lesion was inconclusive. Although
the nodule grew larger in the months before presentation,
the patient remained asymptomatic. She underwent a thy-
roidectomy to rule out malignancy.

An intraoperative examination of the thyroid revealed
an indurated, diffusely fibrotic goiter. There were adhe-
sions to adjacent structures. The histopathology of the
thyroid lesion was consistent with Riedel’s thyroiditis (see
below).

Patient 3. A 37-year-old woman with a history of
asthma noticed an enlarging thyroid gland 5 years before
presentation and was diagnosed with “thyroiditis.” She
remained euthyroid. Over the next 3 years, she became
increasingly hoarse and experienced dysphagia. An ultra-
sound examination of the neck revealed a multinodular
goiter with a complex, solid nodule measuring 3.4 cm in
the left thyroid lobe. She underwent left thyroidectomy
and isthmusectomy. Intraoperative examination of the
mass described a densely fibrotic lesion that encased the
left recurrent laryngeal nerve. The pathology of her thyroid
was reported as consistent with Riedel’s thyroiditis.

The patient’s hoarseness and dysphagia improved after
surgery. Two years later, however, a large right-sided neck
mass was detected. A CT scan showed an enlarged thyroid

gland that displaced the trachea to the left. The patient
underwent a right completion thyroidectomy to alleviate
obstructive compression of the trachea. A large thyroid
mass was encountered. There were dense adhesions
around the thyroid to the surrounding structures. Riedel’s
thyroiditis was confirmed upon histologic examination of
the tissue. The pathologic features of these cases are de-
scribed below.

Pathology. Patient 1. The thyroidectomy sample showed
dense fibrosis and diffuse infiltration of lymphocytes,
plasma cells, and occasional eosinophils. The fibrosis ex-
tended into the perithyroidal soft tissue and musculature
(Figures 2A and B). Although phlebitis was not observed
in this sample, the stromal tissue closely resembled that
seen in autoimmune pancreatitis. An IgG4 stain revealed
only 8 IgG4� plasma cells per hpf within the fibroinflam-
matory mass (IgG4/IgG ratio � 80%) (Table 2), but an
entrapped lymph node contiguous to the thyroid gland

Figure 2. Pathology of multiple organs from patient 1. A, Low-
power view of the neck mass showing inflammation and fibrosis
and an entrapped lymph node (hematoxylin and eosin stained). B,
High-power view of the neck mass. Note the plasma cells and
eosinophils (hematoxylin and eosin stained). C, An entrapped
lymph node adjacent to the thyroid gland demonstrates a marked
infiltration of IgG4 cells (110/high-power field; immunoperoxi-
dase stained). D, Inflammatory lung lesion with obliterative phle-
bitis (arrow; hematoxylin and eosin stained). E, Lacrimal gland
partially replaced by fibrosis and inflammatory tissue. This histo-
logic appearance is characteristic of IgG4-related systemic disease
(hematoxylin and eosin stained). F, Lacrimal gland with few IgG4
positive plasma cells (immunoperoxidase stained).
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demonstrated a marked infiltration by IgG4� plasma cells
(110/hpf) (Figure 2C).

The lung biopsy sample showed a subpleural fibroin-
flammatory mass lesion composed of lymphocytes, plasma
cells, and eosinophils. A focus of obliterative phlebitis was
present (Figure 2D). The ampullar biopsy showed 12
IgG4� plasma cells per hpf. The biopsy from the lacrimal
gland showed dense inflammation and fibrosis obliterating
the glandular architecture, with 11 IgG4� plasma cells per
hpf (IgG4/IgG � 44%) (Figures 2E and F).

Patient 2. The thyroid gland was replaced by a fibroin-
flammatory infiltrate that extended into the extrathyroidal
musculature. The inflammatory infiltrate was composed of
lymphocytes, plasma cells, and eosinophils (Figure 3A).
Rare foci of phlebitis were noted. There were 53 IgG4�
plasma cells per hpf (IgG4/IgG � 56%) (Figure 3B). Al-
though the majority of the follicular epithelium was atro-
phic, extensive squamous metaplasia and rare foci of
Hürthle cell changes were also noted.

Patient 3: left thyroidectomy. The thyroid was largely
replaced by a hypercellular inflammatory process that was
focally organized in a storiform pattern. The inflammatory
infiltrate was composed of lymphocytes, plasma cells, and
scattered eosinophils. The infiltrate extended into the ex-
trathyroidal tissue. Immunohistochemistry studies re-

vealed 10 IgG4� plasma cells per hpf and 51 IgG� plasma
cells per hpf.

Patient 3: right completion thyroidectomy. The right
lobe (resected 2 years after the left) also showed extensive
intra- and extrathyroidal fibrosis. However, in contrast to
the left thyroid lobe, the fibrosis was largely acellular and
hyalinizing in nature, lacking the dense inflammatory in-
filtrate seen in the left thyroidectomy sample (Figure 4B).
Focal lymphoplasmacytic infiltrates were present, accom-
panied by reactive germinal centers. Neither Hürthle cell
change nor phlebitis was observed in either the right or the
left thyroid sample. IgG4� plasma cells were not detected
in this sample (Figure 4B).

DISCUSSION

Riedel’s thyroiditis is a rare but fascinating condition that
remains poorly understood more than 100 years after its
initial description. All 3 Riedel’s thyroiditis thyroidec-
tomy samples in this series stained positively for IgG4-
bearing plasma cells and had histopathologic features
strongly consistent with IgG4-related systemic disease. In
the patient who had a complete thyroidectomy accom-
plished in 2 different operations performed 2 years apart,
the evolution of the histology from a picture of a lympho-
plasmacytic inflammation at the first operation to diffuse
fibrosis in the second demonstrates a link between these 2
histopathologies over time. Patient 1 also had extensive
extrathyroidal involvement that was diagnostic of IgG4-
related systemic disease, including IgG4-associated
cholangitis and pseudotumors of both the lung and lacri-
mal gland. The histologic features of all of the organs
involved in that patient were consistent with IgG4-related
systemic disease. Therefore, Riedel’s thyroiditis should be
added to the growing list of lesions known to be associated
with IgG4-related systemic disease. To our knowledge, this
study is the first to establish Riedel’s thyroiditis as part of
the IgG4-related systemic disease spectrum and offers fur-
ther evidence that MFS and IgG4-related systemic disease
are one and the same entity in some cases.

Our data are intriguing in light of recent data from Japan
that suggest a relationship between Hashimoto thyroiditis
and IgG4-related systemic disease (34). This association is
relevant to our cases because of the historic difficulties in
distinguishing between Riedel’s thyroiditis and the fibro-

Table 2. IgG4- and IgG-staining plasma cells in
different involved organs*

Tissue
IgG4

per hpf
IgG

per hpf IgG4/IgG

Patient 1
Thyroid gland 8 10 0.8
Cervical lymph node 110 113 0.97
Lung 13 15 0.87
Ampulla 12 ND
Lacrimal gland 11 25 0.44

Patient 2
Thyroid gland 53 95 0.56

Patient 3
Left thyroid gland 10 51 0.20
Right thyroid gland 0 54 0

* hpf � high-power field; ND � not done.

Figure 3. Thyroid gland pathology from patient 2. A, The thyroid
parenchyma is replaced by fibrosis and a lymphoplasmacytic
infiltrate. Small foci of residual thyroid tissue are present (hema-
toxylin and eosin stained). B, Numerous IgG4 positive plasma
cells are noted between atrophic thyroid follicles (immunoperox-
idase stained).

Figure 4. Thyroid gland pathology from patient 3. A, Left thy-
roid: hypercellular stroma composed of lymphocytes, plasma
cells, eosinophils, and fibroblasts. Note the residual thyroid folli-
cle (arrow). This histologic appearance is typical of IgG4-related
systemic disease. B, Right thyroid: hyalinized and largely acellu-
lar fibrosis involving the thyroid (hematoxylin and eosin stained).
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sing variant of Hashimoto thyroiditis (35). Histopathologic
features remain the gold standard for the diagnosis of both
conditions. Riedel’s thyroiditis is characterized by diffuse
fibrosis that replaces much of the thyroidal tissue and
typically extends into adjacent soft tissues. Extensive
Hürthle cell metaplasia is not typical of Riedel’s thyroid-
itis, but rather suggests Hashimoto thyroiditis or its fibro-
sing variant. None of our 3 patients had significant Hürthle
cell changes. In contrast, obliterative phlebitis is consid-
ered essentially pathognomonic of Riedel’s thyroiditis.
The links of both Riedel’s thyroiditis and Hashimoto thy-
roiditis to IgG4-infiltrating plasma cells may renew the
debate about the relationships between these conditions,
and clearly call for further investigation.

MFS, first described in the 1960s (15), has been consid-
ered to involve the simultaneous occurrence of the follow-
ing conditions: Riedel’s thyroiditis, sclerosing pancreati-
tis, sclerosing cholangitis, retroperitoneal fibrosis,
mediastinal fibrosis, fibrosis of the lung and parotid gland,
and pseudotumor of the orbit (15,16). However, the reason
for the involvement of these different organs has remained
obscure because no context existed for the fibrotic disease
observed. The linkages of similar fibroinflammatory pro-
cesses within several of these organs (now including the
thyroid), the infiltration of IgG4� plasma cells, and other
histopathologic features characteristic of IgG4-related sys-
temic disease frame a new disease context and pathophys-
iologic construct for MFS.

Recognition of the fact that patients with Riedel’s thy-
roiditis can develop other features of IgG4-related systemic
disease has implications for both diagnosis and prognosis.
Because IgG4-related systemic disease can affect multiple
organs at the same time or progress to involve them in a
metachronous fashion, prompt recognition and treatment
of this disorder at the stage of single-organ involvement
might prevent other organs from becoming affected. Serum
assays for IgG subclasses can complement the histologic
features in diagnosis and help establish the existence of
this condition at an early stage. An autoantibody associ-
ated with autoimmune pancreatitis has recently been re-
ported (26), but the prevalence of this autoantibody in
IgG4-related systemic disease patients who do not have
autoimmune pancreatitis is not currently known.

Recognition of the link between Riedel’s thyroiditis and
IgG4-related systemic disease also has potential implica-
tions for therapy. Patients with IgG4-related systemic dis-
ease generally respond to glucocorticoid therapy, but clin-
ical responses are often incomplete, requiring chronic
glucocorticoid administration and the empiric use of aza-
thioprine or other disease-modifying antirheumatic drugs
(21,25,36). Rituximab, a B lymphocyte–depleting agent,
has recently been reported to be an effective alternative
approach to therapy in IgG4-related systemic disease (37).
B lymphocyte depletion is theorized to work through elim-
ination of the cell population that differentiates into short-
lived IgG4-secreting plasma cells. The efficacy of such an
approach might depend on the timing of the diagnosis
with regard to the stage of disease. Patients with early
Riedel’s thyroiditis whose disease is more inflammatory
than fibrotic are anticipated to respond more readily to B
cell depletion. The advanced fibrotic state of the thyroid

shown in the second partial thyroidectomy from our pa-
tient 3 suggests a later stage of disease and a lower likeli-
hood of response to antiinflammatory therapy. It might
also explain the absence of IgG4-bearing plasma cells in
that organ.

In conclusion, we have demonstrated that IgG4-related
systemic disease is the underlying condition in some cases
of Riedel’s thyroiditis. We also provide evidence that MFS
was actually IgG4-related systemic disease in one of our
patients (patient 1) who had pulmonary, biliary tract, and
lacrimal gland involvement, as well as thyroid disease. It
is possible that a variety of etiologies could lead to the
same histopathologic appearance of these conditions, par-
ticularly at the “burnt-out,” fibrotic end of the disease
spectrum. Therefore, IgG4-related systemic disease may
not account for all of the cases recognized clinically as
either Riedel’s thyroiditis or MFS. Further investigations
of patients with Riedel’s thyroiditis in different phases of
the disease are required to definitively address the fre-
quency with which IgG4-related systemic disease is the
underlying cause, and to understand the implications of
this association for disease management.
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