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Abstract Inflammatory pseudotumor is a generic term used to
designate a heterogeneous group of inflammatory mass-
forming lesions histologically characterized by myofibroblastic
proliferation with chronic inflammatory infiltrate. Inflammato-
ry pseudotumor is multifactorial in etiology and generally be-
nign, but it is often mistaken for malignancy given its aggres-
sive appearance. It can occur throughout the body and is seen in
all age groups. Inflammatory pseudotumor has been described
in the literature by many organ-specific names, resulting in
confusion. Recently within this generic category of inflamma-
tory pseudotumor, inflammatory myofibroblastic tumor has
emerged as a distinct entity and is now recognized as a
fibroblastic/myofibroblastic neoplasm with intermediate bio-
logical potential and occurring mostly in children. We present
interesting pediatric cases of inflammatory myofibroblastic tu-
mors given this entity’s tendency to occur in children. Famil-
iarity and knowledge of the imaging features of inflammatory
pseudotumor can help in making an accurate diagnosis, thereby
avoiding unnecessary radical surgery.
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Introduction

The umbrella term “inflammatory pseudotumor” is used to des-
ignate a group of mass-forming lesions that are histologically
characterized by a proliferation of fibroblasts and
myofibroblasts accompanied by a prominent chronic inflam-
matory infiltrate [1, 2]. Inflammatory pseudotumor is generally
a benign process, but it is often mistaken for malignancy be-
cause of its mass-forming nature and frequently aggressive im-
aging appearance. In the literature, inflammatory pseudotumor
has been described under various organ-specific names,
reflecting its heterogeneous imaging appearance and variable
histological characteristics and biological behavior [1, 3]
(Table 1). Because various terms are used to describe the entity,
accurate data regarding the incidence, anatomical distribution
and patient demographics of inflammatory pseudotumors are
difficult to obtain [2]. Inflammatory pseudotumor was original-
ly described in the lung and orbit but has now been reported
throughout the body [1]. It is seen in all age groups, with age
distribution depending on the involved organ [2].

From among the inflammatory pseudotumors, inflammatory
myofibroblastic tumor has recently emerged as a distinct entity
with its own clinical, pathological and molecular features. In-
flammatory myofibroblastic tumor is a true neoplastic entity and
is categorized by the World Health Organization as a neoplastic
fibroblastic/myofibroblastic tumor with intermediate biological
potential. It occurs predominantly in the visceral soft tissue of
children with a potential for local recurrence and rare distant
metastasis [4]. Throughout this article we use inflammatory
pseudotumor as an umbrella term inclusive of inflammatory

* Lillian M. Lai
lillian.lai@gmail.com

1 Department of Radiology, Carver College of Medicine,
University of Iowa Hospitals and Clinics,
200 Hawkins Drive, Room 3970 JPP,
Iowa City, IA 52242, USA

2 Department of Radiology, St. Jude Children’s Research Hospital,
Memphis, TN, USA

3 Department of Pathology, Carver College of Medicine,
University of Iowa Hospitals and Clinics,
Iowa City, IA, USA

4 Department of Pathology, St. Jude Children’s Research Hospital,
Memphis, TN, USA

Pediatr Radiol (2015) 45:1738–1752
DOI 10.1007/s00247-015-3360-6



myofibroblastic tumor because inflammatory myofibroblastic
tumor cannot be differentiated from inflammatory pseudotumor
on imaging, and tissue analysis is required to make the correct
diagnosis. Our examples comprise mostly inflammatory
myofibroblastic cases, though, and the specific pathological di-
agnosis of each is clarified in the figure captions.

Some inflammatory pseudotumors are found in association
with immunoglobulin G4 (IgG4)-related disease, a systemic
immune-mediated fibrosclerosing disease characterized by
IgG4-positive plasma cell and T-cell infiltration of various
tissues causing multicentric, mass-forming fibrous lesions,
primarily in older adults. It is characterized by elevated serum
titers of IgG4 and prototypical systemic manifestations, in-
cluding orbital pseudotumor, autoimmune pancreatitis, retro-
peritoneal fibrosis, sclerosing mesenteritis, and sclerosing
cholangitis [5]. Histologically, IgG4-related disease lesions
have an infiltrative growth pattern with IgG4-positive plasma
cells and a less cellular spindle cell and inflammatory infiltrate
when compared to inflammatory myofibroblastic tumor [2].

Surgery is often the primary treatment for inflammatory
pseudotumor, but radical surgery is usually unnecessary be-
cause of its overall benign nature. Some inflammatory
pseudotumors have completely resolved after administration
of steroids, anti-inflammatory agents, and antibiotics [6–12].
There have also been a few reports of inflammatory
pseudotumor completely resolving after a period of observa-
tion without any treatment at all [8–10, 12]. Familiarity and
knowledge of the imaging features of inflammatory
pseudotumor can assist in making an accurate diagnosis,
thereby avoiding unnecessary radical surgery.

The etiology of inflammatory pseudotumor is unknown, but
various causes have been implicated. Some infectious organisms
have been identified, including mycobacteria, mycoplasma and
nocardia in pulmonary inflammatory pseudotumor, Epstein–Barr
virus (EBV) in splenic and nodal inflammatory pseudotumor,
and actinomycetes in hepatic inflammatory pseudotumor [1].
EBV and human herpesvirus-8 (HHV-8) have been detected in
a variety of inflammatory pseudotumors, including lung, liver,
spleen and bladder [13]. EBV-infected lymphocytes have been
known to result in inflammatory pseudotumor or lymphomatoid
granulomatosis [14]. Inflammatory pseudotumor may also be

immune-related, as seen in the suggested relationship of orbital
inflammatory pseudotumor to IgG4-related disease. Other in-
flammatory pseudotumors may be related to postoperative in-
flammatory reaction, such as central nervous system (CNS) in-
flammatory pseudotumor developing after long-standing
ventriculoperitoneal shunt [15]. Finally, inflammatory
myofibroblastic tumor, which had been grouped under inflam-
matory pseudotumor, is considered a true neoplasm with rare
metastatic potential.

Histologically, inflammatory pseudotumors are characterized
by a proliferation of fibroblasts and myofibroblasts associated
with infiltration of inflammatory cells consisting of lympho-
cytes, plasma cells and histiocytes [16]. Inflammatory cytokines
may stimulate the proliferation of fibroblasts. Fibroblasts are
ubiquitous mesenchymal cells found in the stroma of all tissues;
these fibroblasts can turn into myofibroblasts, which express
smooth muscle actin and fibrogenic cytokines, resulting in fi-
brosis [17]. Regardless of the initial trigger, the common feature
of all fibrotic diseases is the activation of myofibroblasts, key
mediators of fibrotic tissue remodeling [17, 18].

By comparison, inflammatory myofibroblastic tumor is a
distinct lesion composed of neoplastic myofibroblastic spindle
cells accompanied by an inflammatory infiltrate of plasma
cells, lymphocytes and eosinophils [16]. The neoplastic spin-
dle cells are uniform and mostly myofibroblastic, with ab-
sence of nuclear hyperchromasia, lowmitotic activity and rare
atypical mitoses [2]. On immunohistochemistry,
myofibroblastic cells stain positively for vimentin and smooth
muscle actin [19]. Sixty percent of inflammatory
myofibroblastic tumors harbor a rearrangement of the anaplas-
tic lymphoma kinase (ALK) locus on chromosome 2p23,
which causes abnormal tyrosine kinase receptor expression.
The presence of ALK expression helps establish the diagnosis
of inflammatory myofibroblastic tumor [20].

Clinical presentation and imaging findings

Up to one-third of patients with inflammatory pseudotumor
present with nonspecific constitutional signs and symptoms of
fever, weight loss, microcytic anemia, failure to thrive,
thrombocytosis, elevated sedimentation rate, polyclonal
hypergammaglobulinemia, as well as symptoms from mass
effect of the lesion itself [1]. These constitutional manifesta-
tions resolve after surgical resection and may reappear with
recurrence [2]. Overproduction of interleukin-1, interleukin-6,
and transforming growth factor β has been implicated as a
cause of these systemic symptoms [1].

The most common locations of inflammatory pseudotumor
are the abdominopelvic region, lung and retroperitoneum [2].
In one review of 275 cases of pediatric inflammatory
pseudotumor, one-third of cases were pulmonary and two-
thirds were extrapulmonary [21].

Table 1 Various names ascribed to inflammatory pseudotumor

• Plasma cell granuloma (lung, cardiac)

• Plasma cell-histiocytoma complex (lung)

• Inflammatory fibrosarcoma (urinary bladder)

• Inflammatory myofibroblastic tumor (lung)

• Inflammatory myofibrohistiocytic proliferation (lung)

• Histiocytoma

• Fibroxanthoma or fibrous xanthoma

• Xanthogranuloma or xanthomatous pseudotumor

• Solitary mast cell tumor
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Inflammatory pseudotumors are characterized on imaging
by their fibrous nature. Imaging features of fibrous lesions are
nonspecific but demonstrate some common features. On US
imaging, fibrous tissue is hypoechoic and relatively
hypovascular [22]. On CT, fibrous tissue is iso-attenuating to
muscle. On contrast-enhanced imaging, inflammatory
pseudotumors show relative lack of enhancement in the pa-
renchymal phase followed by characteristic delayed-phase en-
hancement as seen in fibrous tissue [22]. However, dual-phase
CT examination is not recommended in children because of
the overall increased radiation exposure.

Magnetic resonance imaging (MRI) is the modality of
choice to image fibrous lesions. Features of fibrosis are hypo-
to isointensity on T1-weighted images, marked hypointensity
on T2-weighted images, and homogeneous or heterogeneous
enhancement with more intense enhancement on delayed im-
ages [22]. In early stages of inflammatory pseudotumors, when
inflammation predominates and fibrosis is not yet established,
the T2 signal may be hyperintense. Diffusion-weighted imag-
ing (DWI) varies depending on the degree of cellularity and
acuity of the inflammation [22, 23]. Hypocellular lesions with
edema and acute inflammation may not show diffusion restric-
tion. Recent research in orbital lesions suggests that diffusion-
weighted MRI may help distinguish inflammatory
pseudotumor from malignancy, which tends to show lower
apparent diffusion coefficient (ADC) values [24].

Differential diagnoses

Although its fibrous nature is a characteristic feature, inflamma-
tory pseudotumor may still appear similar to any infiltrative,
fibrous or hypercellular lesion, and thus requires histological
confirmation by biopsy. Benign and malignant differential diag-
noses for pediatric fibrous lesions are summarized in Table 2.

Fibrous mass-forming lesions in the pediatric age group include
fibroma, fibrosarcoma, fibromatoses, granulomatous inflamma-
tion, and malignancy with prominent inflammatory infiltrate.
The fibromatoses are non-metastasizing benign fibroblastic/
myofibroblastic proliferative lesions. Infantile myofibromatosis
is one of the most common fibromatoses, mainly presenting in
children younger than 2 years [19, 25, 26]. It can mimic inflam-
matory pseudotumor because of its fibrous nature,
multicentricity and predilection for the pediatric population.
Myofibromatosis can involve the lung, and this is a manifesta-
tion of multifocal systemic disease rather than metastatic dis-
ease. This is in contradistinction to inflammatory
myofibroblastic tumor, which can metastasize to lung [27].

Patient age is important for narrowing the differential diag-
nosis for suspected inflammatory pseudotumor. Inflammatory
myofibroblastic tumor, particularly with visceral involvement,
can occur in any age group but is most frequent in the first two
decades of life, with a mean age at diagnosis of 10 years old
[4]. Infantile myofibromatosis occurs in infants and young
children. IgG4-related disease tends to occur in older adults,
with a mean age of presentation of 60–65 years [5], though it
rarely occurs in the pediatric population [28]. When a putative
diagnosis of inflammatory myofibroblastic tumor is made in
an older adult, an alternative diagnosis such as IgG4-related
disease should be considered [2].

Presentations of inflammatory pseudotumor vary by organ
location and are reviewed in this article to help familiarize
radiologists with this heterogeneous group of mass-forming
lesions. Table 3 summarizes imaging findings of inflammato-
ry pseudotumor based on location, important differential di-
agnoses, current treatment and key pearls.

Head and neck

Orbital inflammatory pseudotumor

Orbital inflammatory pseudotumor is nonspecific orbital in-
flammation of unknown etiology. Diagnosis is usually made
by clinical history and exclusion [1]. Patients often present
with acute painful proptosis, swelling and ophthalmoplegia
rather than the chronic pain seen in most neoplasms [1]. Or-
bital inflammatory pseudotumor can develop at any age but
more commonly affects older adults [7]. Pediatric cases com-
prise 6–16% of all orbital inflammatory pseudotumor cases
[29]. Clinical symptoms in orbital inflammatory pseudotumor
reflect the degree of inflammatory response and location of
inflammation. In acute forms patients may present with sud-
den onset of painful exophthalmos [29]. In chronic
fibrosclerosing forms of inflammatory pseudotumor, patients
may exhibit symptoms from fixation of orbital structures or
lesion mass effect, such as vision loss and diplopia [29].

Table 2 Differential diagnoses for pediatric fibrous lesions

• Inflammatory pseudotumor: Nonspecific, benign inflammatory process.

• Inflammatory myofibroblastic tumor: Intermediate-aggressive
inflammatory and myofibroblastic spindle cell proliferation linked to
ALK-gene rearrangement. Usually in children.

• IgG4-related disease: Systemic fibrosclerosing lesions associated with
elevated serum IgG4. Usually in adults.

• Fibromas and fibromatoses: Benign fibroblastic/myofibroblastic
proliferations, including entities such as infantile myofibromatosis.

• Others

- Infection/inflammation: granulomatosis with polyangiitis (Wegener
granulomatosis) and sarcoidosis

- Langerhans cell histiocytosis and non-Langerhans cell histiocytosis
(Erdheim–Chester disease)

- Malignant neoplasms with prominent inflammatory infiltrate,
including lymphoma, fibrosarcoma, metastases

ALK anaplastic lymphoma kinase, IgG4 immunoglobulin G4
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On CT, inflammation involving different parts of the
orbit may be seen, including dacryoadenitis (enlarged lac-
rimal gland), episcleritis or perineuritis (diffuse thickening
along the ocular wall or optic nerve, respectively), and
myositis (enlarged extraocular muscles) [1]. Orbital in-
flammatory pseudotumor may present as focal or diffuse
inflammation, or as a localized mass [12]. Rarely it dem-
onstrates aggressive features such as erosive bony chang-
es or intracranial extension [1]. Tolosa–Hunt syndrome is
a variant of orbital inflammatory pseudotumor, which ex-
tends through the orbital apex to involve the cavernous

sinus. The middle cranial fossa and cavernous sinus are
the two most common intracranial sites of involvement by
orbital pseudotumor [30].

On MRI, orbital inflammatory pseudotumor may demon-
strate low T1 signal compared to muscle; relatively low T2
signal, depending on the degree of fibrosis, with more chronic/
fibrotic lesions having lower T2 signal intensity; and usually
marked contrast enhancement [29, 30] (Fig. 1). Diffusion-
weighted imaging is helpful to differentiate orbital inflamma-
tory pseudotumor from orbital lymphoma, which has signifi-
cantly lower ADC values [24].

Table 3 Spectrum of locations, imaging features, differential diagnoses, treatment and key pearls for various pediatric inflammatory pseudotumors

Location Imaging features Differential diagnoses Treatment and key pearls

Head and neck Aggressive CT findings of erosion,
remodeling and sclerosis. Simultaneous
involvement of multiple muscle groups,
skull-base bones, and salivary glands.
Hypointense T2 signal

Malignancy or aggressive
infection/inflammation

Surgical resection. Radiotherapy, steroids,
ALK-inhibitors may be used for
inoperable tumors

Orbit Diffuse or focal inflammation involving
different parts of the orbit. Relatively
T2-hypointense compared to most
other tumors

Infection, sarcoidosis, Wegener
granulomatosis, connective
tissue disease, lymphoma,
metastatic disease

Good response to steroids. Low-dose
radiation, chemotherapy, or NSAIDs
are alternatives.

Associated with IgG4-related disease

Brain Most often dural-based but may be
intraparenchymal, mixed or
intraventricular. T1-isointense,
T2-hypointense and enhances

Sarcoidosis, tuberculosis,
atypical meningioma

Surgical resection and removal of inciting
factor (ventriculoperitoneal shunt)

Lung Single, peripheral, well-defined, lobulated
mass with lower-lobe predominance.
Less often endobronchial or multiple.
T2-hyperintense. Frequent calcifications

Calcified: hamartoma, granuloma
Solid: benign congenital lesions,
metastases

Aggressive: pleuropulmonary
blastoma, sarcoma, lymphoma

Endobronchial: carcinoid,
metastatic disease

Usually surgical resection.
Isolated reports of resolution with steroids
or no treatment.

Most common primary pediatric lung mass

Heart Hyperintense T1 and T2 signal with
heterogeneous enhancement, similar
to other cardiac tumors. May involve
right atrium and right ventricle, or
pericardium and myocardium

Rhabdomyoma (tuberous sclerosis),
fibroma (Gorlin syndrome)

Pericardial involvement: fibrous
mesothelioma, solitary fibrous
tumor

Surgical resection
*Includes cardiac fibrous pseudotumor

Liver Single or multifocal circumscribed mass,
or ill-defined porta hepatis lesion
causing biliary obstruction. Hypointense
T1 and isointense T2 signal compared
to liver. Variable enhancement.

Circumscribed: Metastases, abscess,
focal nodular hyperplasia

Infiltrative: Lymphoma,
rhabdomyosarcoma,
cholangiocarcinoma

Surgical resection. Isolated reports of
resolution with antibiotics, NSAIDs,
steroids or no treatment.

Gastrointestinal
tract

Ulceration, wall infiltration, extraluminal
extension similar to malignancy

Malignancy Surgical resection. High recurrence rate

Mesentery Well-circumscribed or infiltrative mass
extending to adjacent bowel; variable
enhancement

Benign: fibrous mesenteric tumors
Malignant: Embryonal
rhabdomyosarcoma, sarcoma,
lymphoma, metastatic disease
(carcinoid or carcinomatosis)

Surgical resection. High recurrence rate

Urinary bladder Polypoid enhancing intraluminal mass
or submucosal mass. Isointense T1
and variable T2 signals

Rhabdomyosarcoma Conservative surgery

Kidney Hypoechoic or inhomogeneous mass on
US imaging. Low-attenuation, mildly
enhancing mass on CT. Hypovascular
on MRI

Wilms tumor, renal cell carcinoma Surgical resection. Reports of resolution
with steroids

ALK anaplastic lymphoma kinase, NSAIDS antibiotics and non-steroidal anti-inflammatory drugs
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The main differential diagnoses include infection, sarcoid-
osis, Wegener granulomatosis, connective tissue disease, lym-
phoma and metastatic disease, especially from neuroblastoma
and rhabdomyosarcoma [29]. In adults, orbital inflammatory
pseudotumor is typically unilateral, and bilateral involvement
may suggest underlying systemic disease such as IgG4-related
disease [31]. However in children, orbital inflammatory
pseudotumor can manifest bilaterally without systemic dis-
ease in more than half of patients [7].

Mild forms of orbital inflammation can be treated with
watchful waiting [12]. Most cases (more than 75%) of orbital
inflammatory pseudotumor are treated with steroids and show
dramatic, rapid improvement within 2–3 days [6, 12]. About
half of cases resolve completely with steroids, but the recur-
rence rate can still be high [7, 32]. Antibiotics and non-
steroidal anti-inflammatory drugs (NSAIDs) are alternative
treatments [1]. In cases of refractory orbital inflammatory
pseudotumor, cytotoxic chemotherapy and low-dose radiation
therapy may be useful [1, 33].

Brain, head and neck sinonasal inflammatory
pseudotumor

Inflammatory pseudotumor involving the central nervous sys-
tem (CNS) is extremely rare. Clinically, people may present
with seizure or headache and systemic inflammatory symp-
toms such as fever. Several etiologies for CNS inflammatory
pseudotumor have been implicated, including genetic (ALK
2p23 gene translocation in inflammatory myofibroblastic tu-
mor), post-infectious (isolation of viral DNA [EBV, HHV-8]
[16]), and post-traumatic (CNS inflammatory pseudotumor
arising from chronic inflammation at the si te of
ventriculoperitoneal shunts [15]). On CT, inflammatory
pseudotumor involving the brain most commonly presents
as an enhancing extra-axial meningeal-based mass, but it can
also be intraparenchymal, mixed intraparenchymal/meningeal

or intraventricular [34, 35]. On MRI, brain inflammatory
pseudotumor demonstrates isointense T1 signal intensity,
markedly low T2 signal intensity, avid enhancement and mod-
erately restricted diffusion [15, 36]. The main differential di-
agnoses for brain inflammatory pseudotumor include entities
causing mass lesions of the dura: meningiomas, sarcoidosis,
tuberculosis and non-Langerhans cell histiocytosis [36]. Me-
ningiomas and sarcoidosis are unusual in children. Treatment
of CNS inflammatory pseudotumor is total surgical resection,
with removal of the mass or inciting factor such as a
ventriculoperitoneal shunt. Recurrence is rare but has been
reported [16].

Head and neck inflammatory pseudotumor may involve
the temporal bone, skull base, upper cervical spine, neck soft
tissues, infratemporal fossa, nasopharynx, parapharyngeal
space, larynx, clivus, maxillary sinuses, pterygopalatine fossa,
sella and pituitary gland and major salivary glands [1, 3,
37–39]. Patients present with a variety of symptoms based
on the region involved. Inflammatory pseudotumor should be
suspected when multiple groups of muscles, bones and sali-
vary glands are simultaneously affected (Fig. 2). Ultimately,
inflammatory pseudotumor can be difficult to differentiate
from malignancy or aggressive infection on imaging alone,
and thus biopsy is necessary to confirm the diagnosis [23, 38].

On MRI, the low T2 signal of skull-based inflammatory
pseudotumor can help differentiate it from other malignant pri-
mary skull-based tumors such as chordoma, chondrosarcoma
and nasopharyngeal carcinoma, which are hyperintense on T2-
weighted imaging [32]. Recent reports suggest that MRI char-
acteristics may predict therapeutic response, with lesions show-
ing high T2 signal intensity and strong enhancement having a
relative abundance of free water and mobile protons, indicating
more acute inflammation that will respond well to steroids [23].
Response to high-dose steroid therapy is thought to roughly
parallel the acuity of the inflammatory process, with acute le-
sions responding to a high dose of steroids [23]. Inflammatory

Fig. 1 Orbital inflammatory pseudotumor in a 19-year-old womanwith a
1-week history of right eye pain, swelling and diplopia. Axial T2-
weighted (a) and axial T1-weighted post-gadolinium (b) MR images
demonstrate a thickened right lateral rectus muscle with slightly

hyperintense T2 signal (arrow) and avid enhancement (arrow)
compared to the uninvolved extraocular muscles. The high T2 signal
may indicate a more acute inflammation
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pseudotumor with low T2 signal may correlate with more fi-
brosis and poorer response to steroids, thus necessitating surgi-
cal resection [23]. Some authors also suggest that lesions in-
volving the temporal bone or petrous apex with bony destruc-
tion and aggressive erosion of inner ear structures are best

treated by excision, with radiation and steroid therapy reserved
for inoperable tumors [32]. Recently, chemotherapy with ALK-
inhibitors such as crizotinib have been used to treat some head
and neck ALK-positive inflammatory myofibroblastic tumors
with varying degrees of success [39].

Fig. 2 Central nervous system inflammatory pseudotumor involving the
pituitary gland, cavernous sinus, pineal gland, orbits and skull base in an
8-year-old boy who presented with growth delay, polyuria, polydipsia
and right eye esotropia. Axial T2-weighted (a), T1 post-gadolinium (b),
and positron emission tomography (c) images demonstrate a T2-
hypointense, avidly enhancing, hypermetabolic sellar/suprasellar mass
involving the cavernous sinus (arrow). d Sagittal T1-W post-
gadolinium MR image depicts enhancing pituitary and pineal masses
(arrows). e Sagittal T1-W post-gadolinium MR image shows an

enlarged, enhancing left superior rectus muscle and maxillary sinus
lesion (arrows). f Axial bone window CT image demonstrates diffuse
skull base bony sclerosis involving the orbits and greater sphenoid
wing. g Maxillary sinus wall biopsy was performed, and high-powered
photomicrograph (original magnification ×400; hematoxylin–eosin stain)
reveals a sclerosing inflammatory process with mixed B- and T-
lymphocyte infiltration (per immunohistochemistry) and abundant
macrophages (arrow). No Langerhans histiocytes were present
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Thorax

Lung

Lung inflammatory pseudotumor is the most common prima-
ry pediatric lung mass, constituting 50% of benign pulmonary
masses [40]. In a large single institutional review over
90 years, Yu et al. [41] reported that carcinoid, inflammatory
pseudotumor, and pleuropulmonary blastoma were the three
leading primary pediatric lung tumors. In a review of 60 pa-
tients with lung inflammatory pseudotumor, the mean age at
diagnosis was 28 years, with a range of 17 months to 61 years
[42]. Common presenting symptoms include cough, fever,
shortness of breath, and hemoptysis, and 20% have a history
of antecedent infection [42]. Historically, lung inflammatory
pseudotumor had various names, including plasma cell gran-
uloma, fibrous histiocytoma and now inflammatory
myofibroblastic tumor [1].

Inflammatory pseudotumor of the lung typically appears as
a solitary, peripheral, sharply circumscribed and lobulated
mass, predominantly in the lower lobes [3, 42] (Fig. 3). Less
commonly, it presents as an endobronchial mass with obstruc-
tive atelectasis in 10% of cases (Fig. 4) or as multiple lesions
in 5% of cases [42]. On CT, they may have heterogeneous
attenuation and enhancement. On MRI, they are usually iso-
or slightly hyperintense on T1-W images and hyperintense on

T2-W images compared to skeletal muscle, which is in con-
trast to inflammatory pseudotumors in other locations, which
are usually hypointense on T2 [42]. Intralesional calcification
is seen in 15% of cases and can range from amorphous, mixed
or a fine fleck-like pattern to heavy calcification [42] (Fig. 5).
Calcification occurs more frequently in children than adults
[42]. Cavitation and lymphadenopathy are rare [1]. Lung in-
flammatory pseudotumor may be FDG-avid on PET/CT [3]
(Figs. 4 and 5). In one retrospective review of FDG PET/CT
findings of inflammatory myofibroblastic tumors, these le-
sions showed varied low to high FDG uptake, which may
reflect tumor cellularity, biological behavior, composition/
proportion of inflammatory cells, and extent of inflammatory
cell activity [43]. Thus, the authors suggested that the role of
FDG PET/CT may not be to distinguish inflammatory
myofibroblastic tumor from other pulmonary parenchymal
masses, but rather to help identify the primary tumor and
evaluate for local recurrence and distant metastases [43].

The differential diagnoses vary depending on the imaging
presentation. Key differential diagnoses for calcified
intraparenchymal mass lesions include hamartoma and calci-
fied granuloma [42]. For solid masses, benign congenital le-
sions such as sequestration and congenital pulmonary airway
malformation, as well as metastases, should be considered.
Another unique entity to be included in the pediatric differen-
tial diagnosis is pleuropulmonary blastoma, a large pleural-

Fig. 3 Pulmonary inflammatory pseudotumor in an 8-year-old girl with
an isolated right upper lobe nodule, which grew over time. a Axial CT
shows a solitary, peripheral, well-circumscribed right upper lobe nodule

(arrow). b The nodule (arrow) is hyperintense on T2-weighted MR
image. Pathology of right upper lobe wedge resection (not shown)
showed inflammatory myofibroblastic tumor

Fig. 4 Tracheobronchial inflammatory pseudotumor in a 15-year-old
boy who presented with gradually worsening sharp chest pain. a Axial
CT post-contrast image demonstrates an oblong lesion (arrow) in the
proximal right mainstem bronchus with post-obstructive collapse of the
right lower lobe. b The endobronchial lesion (arrow) is hypermetabolic
on coronal FDG PET/CT image. c Mainstem bronchus biopsy

photomicrograph (original magnification ×400; hematoxylin–eosin
stain) shows inflammatory myofibroblastic tumor with proliferating
spindle cells (white arrow) and an inflammatory infiltrate consisting
predominantly of lymphocytes with plasma cells (black arrows) and
numerous macrophages (black arrowhead). FDG [F-18]2-fluoro-2-
deoxyglucose, PET positron emission tomography
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based malignant mass that may contain cysts. Rarely, inflam-
matory pseudotumor can have aggressive features such as
bony destruction and vascular or mediastinal invasion, and
in such cases inflammatory pseudotumor may be difficult to
differentiate from sarcoma or lymphoma [42]. For
endobronchial lesions, key differentials include carcinoid
and metastatic disease [42].

Although lung inflammatory pseudotumor is generally
recognized as a benign lesion, aggressive behavior with
rapid growth, local invasion, and recurrences have been
reported [44]. Conversely, there are rare reports of regres-
sion, either spontaneously or following steroid treatment
[8]. Given these varied outcomes, it is no wonder that var-
ious therapeutic approaches have been proposed, from ste-
roids and antibiotics to radical surgery and chemotherapy
[44]. Overall, prognosis has been found to be excellent
after complete surgical resection, with low incidence of
recurrence [44]. In general, initial treatment is complete
surgical resection for tumors, with either wedge resection
or lobectomy. For non-surgical cases such as those with
extensive mediastinal and central vasculature involvement,
steroids, chemotherapy and radiotherapy have been used
with varying degrees of success [1, 3]. Consideration of

inflammatory pseudotumor is important to avoid a prema-
ture decision to pursue aggressive treatment.

Cardiac

Cardiac inflammatory pseudotumor is rare and most common-
ly affects children and young adults. The most common sites
of involvement are the right atrium and right ventricle [45].
On MRI, cardiac inflammatory pseudotumor looks similar to
other tumors, with slightly high T1 signal andmoderately high
T2 signal compared to myocardium and with heterogeneous
enhancement [45]. The majority of primary pediatric cardiac
tumors are benign, with the two most common primary tu-
mors being rhabdomyoma and fibroma, which are associated
with tuberous sclerosis and Gorlin syndrome, respectively
[46]. Calcifying fibrous pseudotumor involving the heart is a
rare manifestation of possibly a late sclerosing stage of inflam-
matory myofibroblastic tumor (Fig. 6) [47]. Several papers
have reported calcifying fibrous pseudotumors and inflamma-
tory myofibroblastic tumors arising in locations near to each
other and hypothesized that they may be related entities [47].
They are distinct from fibrous mesothelioma and solitary fi-
brous tumor, two other rare fibrous tumors of the pericardium

Fig. 5 Pulmonary inflammatory pseudotumor in a 6-year-old girl who
presented with a lung mass. Axial CT (a) and corresponding fused axial
FDG PET/CT (b) show a heterogeneously enhancing, lobulated right
lower lobe lung mass with coarse central calcification (arrows). Right
lower lobectomy and mediastinal mass excision revealed inflammatory
myofibroblastic tumor. c Histology. Low-powered photomicrograph
(original magnification ×200; hematoxylin–eosin stain) shows compact
fascicles of myofibroblastic spindle cells (white arrow) with a

background inflammatory infiltrate of lymphocytes and plasma cells
(black arrow). d Diffusely positive anaplastic lymphoma kinase (ALK)
cytoplasmic staining, represented by areas of brown pigmented staining
on low-powered photomicrograph (original magnification ×200; ALK
stain), indicates ALK protein overexpression caused by gene fusion
involving ALK at chromosome 2p23. FDG [F-18]2-fluoro-2-
deoxyglucose, PET positron emission tomography
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[47]. Histologically, calcifying fibrous pseudotumor is charac-
terized by a dense collagenized fibrous mass with
psammomatous and dystrophic calcifications and variable
lymphoplasmacytic infiltrate. It is negative for ALK but pos-
itive for CD34 and smooth muscle actin stains. It is generally
benign and local resection is curative, although local recur-
rences have been reported [47]. In cases where there is aggres-
sive local growth, surgical excision may be impossible, neces-
sitating cardiac transplantation for cure (Fig. 6).

Abdomen

Three quarters of inflammatory pseudotumor cases occur in the
abdomen, with frequent sites of involvement including the mes-
entery, omentum, liver, retroperitoneum, pelvis and abdominal
soft tissue [19]. Constitutional symptoms of fever, weight loss,
malaise and elevated inflammatory laboratory markers are seen in
19% of patients [20]. Other clinical symptoms include abdominal
pain, nausea, vomiting and compressive symptoms depending on
the size and site of origin. Imaging appearances vary from an ill-
defined infiltrating process to a well-circumscribed soft-tissue

mass. The variation most likely corresponds to the differing de-
grees of inflammatory and fibrotic components in the lesion [22].
In general hepatic, splenic, retroperitoneal and genitourinary le-
sions are well-circumscribed, while those involving the gastroin-
testinal tract and biliary tree are ill-defined and infiltrative. Mes-
enteric lesions may be either infiltrative or mass-like [22].

Liver

Liver inflammatory pseudotumors have been infrequently re-
ported but are now recognized with increasing frequency, es-
pecially in Asian countries [10]. They have been reported in
pediatric patients ranging from age 3 months to 15 years [9].
Clinically, patients present with abdominal pain, vomiting,
fever and signs of chronic inflammation including microcytic
anemia and elevated C-reactive protein [10]. Serum alpha-
fetoprotein is normal in liver inflammatory pseudotumor,
which can help to differentiate it from hepatoblastoma or he-
patocellular carcinoma [9]. The etiology of liver inflammatory
pseudotumor is unknown, but the inflammatory pattern of
pathology and the clinical and laboratory data suggest an in-
flammatory response to an underlying infection [10]. No

Fig. 6 Cardiac calcifying fibrous
pseudotumor in a 17-year-old girl.
a Coronal T2-weighted MR
image shows a left ventricular
wall mass originating from the
free wall of the left ventricle with
extremely low T2 signal intensity.
b CT angiography oblique plane
image further demonstrates that
the left coronary artery and its
branches are deeply imbedded in
the tumor (black arrow).
Prominent tumoral calcification
(white arrow) is also seen. The
encasement of the left anterior
descending artery precluded
surgical resection. c, d Histology.
Myocardial mass biopsy via
thoracotomy with cardioparesis
revealed a densely collagenized
mass with psammomatous
calcifications (arrow in c) and
foci of lymphoplasmacellular
infiltrates (arrow in d), both on
low-powered photomicrographs
(original magnification ×100;
hematoxylin–eosin stain)
(Adapted with permission from
[47])
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definite microorganism has been identified, though EBV has
been recovered from some lesions [10, 48].

Liver inflammatory pseudotumor usually presents as a sin-
gle, well-circumscribed mass (Fig. 7) but can also present as
multiple lesions [49]. Hepatic hilar lesions, which comprise
one-third of cases, may cause biliary or portal vein obstruction
and portal hypertension [9, 50]. On US most of these lesions
are iso- or hypoechoic but can have heterogeneous
echogenicity [9]. On CT the lesions hypoattenuate relative to
surrounding liver and may have calcifications. On contrast
CT, inflammatory pseudotumors are non-encapsulated but
well-demarcated masses, with most showing peripheral en-
hancement [3, 51] and others showing delayed intense en-
hancement of the fibrous component. Cholangiography may
show strictures or dilatation of intra- and extra-hepatic bile
ducts. On MRI, these lesions are usually T1 hypointense but
may have varying T2 appearance from hypointense to hyper-
intense signal relative to the surrounding liver [3, 49].

When presenting as a focal mass, these tumors can mimic
metastasis, abscess or focal nodular hyperplasia. Infiltrative
lesions at the porta hepatis can mimic lymphoma, rhabdomyo-
sarcoma or cholangiocarcinoma [50].

Typical treatment is complete surgical resection, with good
prognosis [9]. Hilar lesions with biliary obstruction may ne-
cessitate biliary drainage. Unresectable lesions may require
liver transplantation. However, there have been isolated case
reports of complete or near-complete resolution of liver in-
flammatory pseudotumor with antibiotics, NSAIDs, steroids
and even no treatment at all [9, 10]. The natural history of liver
inflammatory pseudotumor is unpredictable, varying from
rapidly progressive to spontaneous regression without treat-
ment [9]. Thus an initial trial of conservative therapy of he-
patic inflammatory pseudotumor is reasonable when histology
is confirmed by biopsy. Surgical resection is indicated if the
lesion persists or progresses, or if there is local invasion into
vital structures [9].

Fig. 7 Liver inflammatory
pseudotumor in a 5-year-old girl
presenting with an abdominal
mass. a Coronal post-contrast CT
image shows a large,
heterogeneously enhancing,
infiltrative left liver lobe mass
with an exophytic component
(arrow). The mass obstructs the
biliary tree at the hepatic hilum,
resulting in intrahepatic biliary
dilatation. b Axial T2-weighted,
(c) axial T1-weighted and (d)
axial T1-weighted post-
gadolinium images demonstrate
that the mass (arrows) has a
mildly hyperintense T2 rim and
center but is otherwise isointense
to background liver, is
hypointense on T1, and avidly
enhances. e Needle biopsy and
left lateral liver segmental
resection revealed inflammatory
myofibroblastic tumor with
spindle cells (white arrow) and
mixed inflammatory infiltrate
(black arrow) on low-powered
photomicrograph (original
magnification ×200;
hematoxylin–eosin stain). f The
spindle cells are strongly reactive
for smooth muscle actin on
immunohistochemistry on low-
powered photomicrograph
(original magnification ×200;
smooth muscle actin stain)
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Gastrointestinal

Gastrointestinal inflammatory pseudotumors are uncommon,
with occasional cases involving the stomach or ileocecal re-
gion, often occurring in young girls [1]. Children present with
abdominal pain, upper gastrointestinal hemorrhage, abdomi-
nal mass and laboratory findings of iron-deficiency anemia
and elevated inflammatory markers [52].

Imaging features include ulceration, wall infiltration, and
extramural extension, similar to findings in malignant disease
[3]. Inflammatory pseudotumor involving the stomach and
duodenummay show diffuse, infiltrative wall thickening with
homogeneous low attenuation on CT [50]. Gastric inflamma-
tory pseudotumor may show high metabolic activity on FDG
PET and can be helpful in reassessing location of recurrence
on follow-up exams [43, 53] (Fig. 8).

Complete surgical resection is the treatment of choice for
all pediatric gastric inflammatory pseudotumors, with an over-
all good prognosis [52, 54]. However there is a risk of recur-
rence (reported 1 in 16) [52], as was the case with our patient
who had recurrence and several new intraperitoneal sites of
disease (Fig. 8). The high recurrence rate may be a result of
factors precluding complete resection, such as adherence to
vital structures or multifocality [55]. Recurrent tumors can be
large and locally invasive [54]. Adjuvant chemotherapy may
help in these cases, though its use has been rarely reported in
the pediatric population [55]. This is likely partly because of
the inability of imaging to reliably distinguish inflammatory
pseudotumor from malignancy prior to surgery.

Mesentery

Mesenteric inflammatory pseudotumor manifests in one of
two forms: well-circumscribed mass or infiltrative ill-defined

lesion extending into adjacent bowel loops [22, 56] (Fig. 9).
On US imaging mesenteric inflammatory pseudotumor can be
either well-defined or infiltrative with mixed echotexture. By
Doppler US, internal blood flow is seen. On contrast-
enhanced CT, a variety of enhancement patterns can be seen,
including delayed enhancement of the fibrotic component.
MRI shows low signal intensity on T1- and T2-weighted im-
ages and absence of diffusion restriction, though this depends
on the cellularity of the lesion [22].

The differential diagnosis for mesenteric masses includes
benign tumors such as desmoid, gastrointestinal stromal tu-
mor, and sclerosing mesenteritis as well as malignant neo-
plasms such as lymphoma, metastatic carcinoid, soft-tissue
sarcomas, and embryonal rhabdomyosarcoma, especially if
the mass is near the bladder [56]. Inflammatory pseudotumors
presenting as multifocal omental or mesenteric masses can
mimic peritoneal carcinomatosis (Fig. 9) [57].

Diagnosis of mesenteric inflammatory pseudotumor re-
quires laparoscopy or laparotomy for tissue sampling because
percutaneous biopsy is often not helpful. Complete surgical
resection is the treatment of choice and is curative in most
people [56]. Adjuvant therapy with corticosteroids, anti-
inflammatory agents and chemotherapy in cases of incomplete
resection have been used but without great success. Recur-
rence rates of inflammatory pseudotumor in the mesentery
and retroperitoneum have been reported between 15% and
37%, with recurrence usually found within 1 year [20].

Genitourinary

Genitourinary tract inflammatory pseudotumor is rare and
most commonly arises from the urinary bladder. In the past,
bladder inflammatory pseudotumor was called low-grade fi-
brosarcoma [2], reflecting the difficulty in distinguishing

Fig. 8 Gastric inflammatory pseudotumor in a 7-year-old girl with
recurrent fevers and left upper abdominal mass. a Post-contrast coronal
CT image demonstrates an infiltrative, enhancing exophytic gastric mass
(arrow) extending into the mesentery. The girl underwent laparotomy and
resection of the mass involving the greater curvature of the stomach wall
and surrounding mesentery. Pathology revealed gastric inflammatory
myofibroblastic tumor. b Initial preoperative coronal fused FDG PET/
CT image shows hypermetabolic activity in the mass (arrow). c Follow-

up fused FDG PET/CT 7 months after initial surgery revealed tumor
recurrence in multiple locations, including the surgical bed and
throughout the omentum (arrows). d High-powered photomicrograph
(original magnification ×400; hematoxylin–eosin stain) shows uniform
spindle cell nuclei (white arrow) and an inflammatory background
composed of lymphocytes and plasma cells (black arrow).
Immunohistochemistry of spindle cells was positive for anaplastic
lymphoma kinase, vimentin and smooth muscle actin
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inflammatory pseudotumor from a sarcoma with extensive
fibrotic proliferation based on clinical, radiologic and histo-
logical features. Bladder inflammatory pseudotumor is rare in
children and typically occurs in young adults (mean age of
28 years) with male predominance [1]. The most common
symptom is asymptomatic gross hematuria from exophytic
and ulcerated lesions, sometimes significant enough to cause
anemia. Other symptoms are dysuria and urinary frequency.
The majority of cases occur de novo, rather than following
recurrent infection or surgical instrumentation [58].

On CT, bladder inflammatory pseudotumor may present as
a polypoid enhancing intraluminal mass or submucosal mass
and can sometimes extend into the perivesical fat [58]. On
MRI, they may show intermediate T1 signal and varying T2
signal ranging from hypointense to hyperintense [59, 60].

An important differential diagnosis in children is rhabdo-
myosarcoma, which is treated by total cystectomy with pelvic
lymphadenectomy. When bladder inflammatory pseudotumor
is suspected, careful biopsy of the lesion is warranted to exclude
rhabdomyosarcoma [61]. By doing so radical surgery can be
avoided because bladder inflammatory pseudotumor can be
treated with conservative surgery such as partial cystectomy
or local transurethral resection, with excellent outcomes [61].
There are no reported cases of recurrence or metastases from
pediatric bladder inflammatory pseudotumor [61].

Renal inflammatory pseudotumor is very rare and usually
presents clinically with flank pain and hematuria. It may present
as a hypoechoic or heterogeneously echogenic mass on US
imaging, a well-circumscribed, hypoattenuating, mildly en-
hancing mass on CT, and a hypovascular mass on MRI [11,
62]. Treatment is usually nephrectomy or partial nephrectomy
because of the inability to differentiate it preoperatively from
Wilms tumor or renal cell carcinoma. Regression of renal in-
flammatory pseudotumor with steroids has been reported [11].

Prognosis

Although inflammatory pseudotumors occasionally behave
aggressively, in general its nature is relatively benign. Many
of the most noticeable effects of inflammatory pseudotumor
are from mass effect or fibrosis of involved organs, such as
nerve compression or obstruction of bile ducts or bowel. In

�Fig. 9 Mesenteric/peritoneal inflammatory pseudotumor in an 8-year-
old girl presenting with an abdominal mass, poor appetite and weight
loss over 5 months, following an episode of flu-like illness. a–c
Contrast-enhanced CT images in coronal (a) and axial (b, c) planes
through the lower abdomen (b) and pelvis (c) reveal a large, infiltrative
enhancing mesenteric/peritoneal mass (arrows) with surrounding ascites.
Biopsy of the mass showed a proliferation of spindled tumor cells in a
collagenous background with variable positivity for smooth muscle actin
and cytoplasmic anaplastic lymphoma kinase (ALK), consistent with
inflammatory myofibroblastic tumor. Peritoneal fluid was also positive
for similar ALK-positive spindle tumor cells
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general, the prognosis is much better than that of the tumors
for which they may be mistaken.

Inflammatory myofibroblastic tumor is a neoplasm with
intermediate biological potential, with a tendency for local re-
currence and a small risk of distant metastasis [2]. The recur-
rence rate of inflammatory myofibroblastic tumor varies by
anatomical site, occurring in only 2% of pulmonary lesions
versus 25% of extrapulmonary tumors [20]. Distant metastases
are rare, occurring in less than 5% of cases [4]. In a study of 59
cases with atypical histology or clinical aggressiveness over a
mean clinical follow-up of 3.6 years, slightly higher percent-
ages of local recurrence and distant metastasis were reported, at
56% and 10%, respectively [20]. The mortality rate from dis-
ease was 10% in this study [20]. Recurrences are most com-
mon with incomplete resection or multifocal intra-abdominal
tumors [2]. The most common sites of metastases are lung,
brain, liver and bone, in order of decreasing frequency [2].
Metastatic disease is usually identified at presentation or within
a year of diagnosis, but occasionally patients develop metasta-
ses as many as 9 years after excision [20]. Some data suggest
that ALK-negative inflammatory myofibroblastic tumors have
a higher likelihood of metastasis, but there is still no clear-cut
relationship between ALK expression and prognosis for in-
flammatory myofibroblastic tumor. However, the presence of
targeted agents such as the ALK-inhibitor crizotinib could im-
pact long-term prognosis of people with ALK-positive inflam-
matory myofibroblastic tumor [2, 20, 63].

Treatment

Familiarity and knowledge of the imaging features of inflam-
matory pseudotumors can help in accurate diagnosis and
avoidance of unnecessary radical surgery. Because inflamma-
tory pseudotumors have a relatively benign clinical course, if
inflammatory pseudotumor is diagnosed via biopsy, a trial of
initial conservative treatment with non-surgical or limited sur-
gical intervention may be attempted. Initial treatment using
observation alone, steroids, antibiotics, anti-inflammatory
agents and other conservative treatments may be attempted
in certain cases, because there have been rare case reports of
complete resolution with conservative treatment of orbital,
pulmonary, hepatic and renal inflammatory pseudotumors
[6–12]. The primary treatment for orbital inflammatory
pseudotumor is steroids. The radiologic suggestion of the le-
sion and histological confirmation are important to avoid pre-
mature decisions to perform radical surgery or invasive
procedures.

If inflammatory pseudotumors involve vital structures such
as the CNS, if there is a high likelihood of recurrence as seen
in visceral lesions, or if there is poor response to conservative
treatment, complete surgical resection is the treatment of
choice. Some lesions showing hypointense T2 signal may be

more fibrotic and have a poorer response to steroids, necessi-
tating surgical resection [23]. For unresectable tumors, che-
motherapy (cyclosporine, methotrexate, azathioprine and cy-
clophosphamide) or radiation therapy are alternative treatment
options [1, 33]. A newer therapeutic option for inflammatory
myofibroblastic tumor is crizotinib, an orally available small-
molecule inhibitor of ALK tyrosine kinase that has been used
to treat ALK-translocated inflammatory myofibroblastic tu-
mors with some success [63, 64].

Summary

Inflammatory pseudotumors are a heterogeneous group of be-
nign, mass-forming lesions characterized by a proliferation of
fibroblasts and myofibroblasts accompanied by a prominent
chronic inflammatory infiltrate. Within the family of inflam-
matory pseudotumors, inflammatory myofibroblastic tumors
have emerged as a distinct, low-grade neoplastic entity asso-
ciated with ALK-gene translocation that occurs predominant-
ly in children. Inflammatory pseudotumors may exhibit char-
acteristic hypointense T2 signal on MRI because of their fi-
brous nature. Ultimately imaging characteristics cannot make
a specific diagnosis and biopsy is required. Familiarity and
knowledge of the imaging features of inflammatory
pseudotumor can help radiologists consider this entity in the
differential diagnosis of pediatric soft-tissue masses, thereby
avoiding unnecessary radical surgery.
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