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Acute and chronic inflammation of the prostate gland can be attributed to several underlying
aetiologies, including but not limited to, bacterial prostatitis, granulomatous prostatitis, and
Immunoglobulin G4-related prostatitis. In this review, we provide an overview of the general
imaging appearances of the different types of prostatitis, their distinguishing features and
characteristic appearances at cross-sectional imaging. Common imaging pitfalls are presented
and illustrated with examples.

� 2021 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

Prostatitis is an inflammatory condition of the pros-
tate with a prevalence of 8.7%,1 which encompasses
several conditions including acute and chronic bacterial
prostatitis, granulomatous prostatitis, and Immuno-
globulin G4 (IgG4)-related prostatitis.2,3 Although recent
advances in multiparametric prostate magnetic reso-
nance imaging (MRI) have improved significantly, the
diagnostic accuracy of prostatitis and its mimics is
limited by the many overlapping radiological features,
which can make the differentiation from clinically sig-
nificant prostate carcinoma challenging. The purpose of
this review is to illustrate the multimodality imaging
appearances of the various subtypes of prostatitis and
when to consider this diagnosis. We also aim to
emphasise the key imaging features that can help make
a distinction of prostatitis from other conditions, namely
prostate carcinoma.
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Bacterial prostatitis

Bacterial prostatitis is a bacterial infection of the prostate
gland occurring in a bi-modal distribution in younger and
older men and comprises 5%e10% of all cases of prostatitis.4

It can be acute or chronic and can result in significant
morbidity without adequate diagnosis and treatment. Risk
factors for bacterial prostatitis include prostate manipula-
tion, urethral stricture, benign prostatic hyperplasia (BPH),
phimosis, urethritis, diabetes, and other immunocom-
promising states. Infection most commonly occurs from
intra-prostatic reflux of urine infected with organisms.
Escherichia coli is the most commonly isolated organism,
but other Gram-negative organisms, such as Klebsiella,
Proteus, and Pseudomonas, and Gram-positive Enterococcus
species are often isolated.5,6

Acute bacterial prostatitis often presents with symptoms
of urinary irritation (e.g,. dysuria, urinary frequency, ur-
gency) and/or urinary obstruction (e.g., hesitancy, poor or
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interrupted stream, straining to void, incomplete
emptying). Systemic symptoms (fever, malaise, nausea)
may also be present. Inadequately treated, it can lead to
overwhelming sepsis, the development of prostatic abscess
or chronic bacterial prostatitis.7

Chronic bacterial prostatitis is defined as persistent
bacterial infection of the prostate lasting >3 months.8,9 In
contrast to acute bacterial prostatitis, the obstructive/irri-
tative urinary symptoms are less severe and systemic
symptoms are often absent.

Imaging features

The challenge of distinguishing bacterial prostatitis from
other diseases of the prostate is well documented in the
literature. Alternate diagnoses to prostate cancer have been
identified in up to 44% of one reported cohort, where pa-
tients were interpreted as having prostate cancer on im-
aging appearances alone.10 Recent advances including
multiple iterations of the Prostate Imaging Reporting and
Data System (PI-RADS) reporting tool have focused on
helping distinguish prostate cancer from prostatitis.11 The
apparent diffusion coefficient (ADC) values have been
highlighted as a useful parameter in distinguishing the two;
restricted diffusion with ADC values of >900 mm2/s have
Figure 1 (a) Axial and (b) coronal mpMRI images of a 65-year-old man
peripheral zone (arrow) with corresponding signal loss on the ADC map
effect is most consistent with bacterial prostatitis.
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been reported to be a useful indicator for prostatitis; how-
ever, there is a degree of overlap in ADC values of prostatitis
and prostate cancer. Accurate measurement of ADC values
in a clinical setting also remains challenging, thereby
limiting its use in routine clinical practice.11,12

On multiparametric MRI, acute bacterial prostatitis is
identified most frequently in the peripheral zone and
demonstrates focal or diffuse low T2 signal intensity with
patchy enhancement. There is mild to moderate diffusion
restriction due to the increased inflammatory cellular in-
filtrates, with associated signal loss on ADCmaps (Figs 1e3).
Morphological characteristics that can guide the diagnosis
of prostatitis include a diffuse, band-like or wedge-like
shape in comparison to the more commonly rounded,
oval or irregular appearance of prostate cancer.13 Less
commonly, bacterial prostatitis can occur in the transitional
zone where the homogeneous low signal intensity can
appear identical to the “erased charcoal” sign of prostate
carcinoma.14

Although rare, acute bacterial prostatitis can progress to
prostatic abscess in approximately 6% of cases and should
be considered when patients fail to improve with antibiotic
therapy.15 Prostate abscess carries significant morbidity and
has a mortality rate ranging from 1e16%.16,17 Transrectal
ultrasound (TRUS) is not indicated for the initial diagnosis of
demonstrated a well-demarcated T2 hypointense lesion in the left
s (c, arrow). The band-like shaped morphology and absence of mass
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prostatitis; however, in the setting of suspected prostatic
abscess it has a valuable diagnostic and therapeutic role.
This technique is preferable to transperineal or trans-
abdominal ultrasound as TRUS involves direct contact with
the prostate, thereby improving the resolution. TRUS has
been reported to provide an accurate diagnosis in 80e100%
of patients, particularly for larger walled-off abscesses7;
however, in the initial stages of abscess formation, it may be
inconclusive.18 The most common TRUS finding is one or
more hypoechoic areas with internal septa and well-
defined, thick walls with increased colour Doppler flow
signals and intraglandular calcifications.7,18,19 Abscesses are
typically located in the transitional and central zones, and
can cause anatomical distortion.

Cross-sectional imaging in the form of computed to-
mography (CT) or MRI is often needed in suspected abscess
to detect contiguous spread of the infection in nearby or-
gans as well as to provide an objective overview of abscess
size and interval progression over time. CT will usually
demonstrate prostate enlargement with septa or multiple
fluid-like collections, often with peripheral enhancement
and determine extra-prostatic involvement. MRI is superior
in identifying abscesses of varying sizes and it will typically
Figure 2 (a) Axial and (b) coronal mpMRI images of 57-year-old man dem
zone with corresponding restricted diffusion (c, arrow) and signal loss on
with the lack of contour deformity of the adjacent prostate tissue and ca
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demonstrate T1 hypointensity and heterogeneous T2
hyperintensity. After contrast medium administration there
will be peripheral enhancement and diffusion weighted
imaging will demonstrate diffusion restriction and loss of
signal on the ADC maps (Fig 4).

Management

The majority of patients with acute bacterial prostatitis
are managed in an outpatient setting with oral antibiotics.
Less than 1/6 patients, however, require hospitalisation due
to non-response to oral therapy, sepsis, or acute urinary
retention.9 Prostatic abscesses are a rare complication of
acute bacterial prostatitis and surgical intervention is
considered when the abscess size exceeds 1 cm.16,20 The
methods of surgical drainage can be broadly categorised as
transurethral resection of the prostate (TURP), transurethral
drainage, percutaneous drainage (transrectal and trans-
perineal) or open drainage.16,21

Classically TURP was considered a definitive treatment
for prostatic abscess, particularly in elderly patients who
have concomitant benign prostatic hypertrophy (BPH);
however, this method has been shown to be associated with
onstrated a T2 hypointense lesion (white arrows) in the left peripheral
the ADC maps (d, arrow). The wedge-shaped morphology, together

psule is most consistent with bacterial prostatitis.
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Figure 3 A 65-year-old man with a history of metastatic colorectal adenocarcinoma. MRI pelvis as part of surveillance imaging demonstrated
prostatomegaly with a new 1.5 cm T2 hypointense focus in the left posterolateral peripheral zone (a, arrow) with abnormal enhancement (b,
arrow), restricted diffusion (c, arrow) and signal loss on ADC maps (d, arrow). This patient was treated for prostatitis and follow-up imaging
confirmed interval resolution of signal abnormalities in the prostate gland.
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a high incidence of transient urinary incontinence in up to
50% of patients.22 With the changing epidemiology of the
disease and younger patients being affected, as well as the
evolution of minimally invasive techniques, TURP is usually
now only considered in refractory cases with multiple
abscesses.23

Transurethral drainage, otherwise known as un-roofing
was considered the most successful method of drainage
and was largely the method choice for urologists24; how-
ever, due to its more invasive nature and requirement for
general anaesthesia, it has largely been superseded by
percutaneous ultrasound methods.25 Trans-rectal drainage
involves the use of TRUS to guide a needle through the
rectal wall and into the prostate abscess for drainage. It can
be performed under local anaesthesia and can be repeated
with ease in case of failure or incomplete drainage.26

Transperineal drainage also involves the use of TRUS guid-
ance to guide a needle puncturing the perineum into the
prostatic abscess. The procedure is more painful than the
trans-rectal approach and may require the use of general
anaesthesia. The TRUS-guided approach confers many
Please cite this article as: Shakur A et al., Prostatitis: imaging appearanc
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advantages over the other methods described including a
lower risk of retrograde ejaculation and incontinence,
which are all potential risks with a transurethral
approach.25,27 The success rate of TRUS-guided aspirations
range from 84e86%25,28 and for TRUS-guided drainage is
reported to be 83.3%.29,30 The main disadvantage of this
approach is the inability to adequately allow for complete
drainage of multi-loculate abscesses in which case, a tran-
surethral approach may have a role.31 Open surgery is very
rarely performed and is considered when the abscess has
penetrated through the levator ani. The choice of thera-
peutic intervention therefore depends on a number of fac-
tors including the size, location, and number of abscesses,
age of the patient, coexisting conditions such as BPH with a
preference for TRUS guided drainage as first line.
Granulomatous prostatitis

Granulomatous prostatitis is a rare, benign inflammatory
condition of the prostate and accounts for <1% of overall
es and diagnostic considerations, Clinical Radiology, https://doi.org/



Figure 4 A 60-year-old man with acute bacterial prostatitis and sepsis. Follow-up mpMRI 2 months after treatment with antibiotics, demon-
strated asymmetric enlargement of the right prostate gland with interval development of a 2 cm T2 hyperintense (a, arrows) rim-enhancing (b,
arrows) fluid collection in the right mid peripheral zone with restricted diffusion (c, arrows) and loss of signal on the ADC maps (d, arrows).
These findings are likely in keeping with post-infectious/inflammatory focal fluid collections.
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prostatitis cases.32,33 It is characterised by well-formed
granulomas with epithelioid cell and multinucleated giant
cell infiltrationwith or without central necrosis.34 The main
subtypes of granulomatous prostatitis are idiopathic
(comprising non-specific and xanthogranulomatous pros-
tatitis), iatrogenic, and infective (necrotic and necrotic).

The most common subtype is idiopathic, making up
60e77.7% of granulomatous prostatitis cases and is often
asymptomatic and self-limiting.33,35 Iatrogenic is the sec-
ond most common subtype, comprising 22% of granulo-
matous prostatitis cases.36 It occurs secondary to
transurethral resection of the prostate (TURP) or prostate
biopsy. Infective granulomatous prostatitis most commonly
occurs as a complication of Bacillus Calmette-Gu�erin (BCG)
immunotherapy for bladder carcinoma but can also be
caused by Mycobacterium tuberculosis via haematogenous
Please cite this article as: Shakur A et al., Prostatitis: imaging appearanc
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spread or direct extension from adjacent organs. Other rare
infectious agents include Treponema pallidum, viruses
(herpes zoster), and fungi (Cryptococcus, Candida, Asper-
gillus spp.).

Imaging features

Reports in the literature have described variable imaging
appearances of granulomatous prostatitis. The most com-
mon appearance, regardless of subtype is a discrete mass
with focal or diffuse hypo-intense signal on T2-weighted
imaging (WI) and restricted diffusion with corresponding
signal loss on ADC (Fig 5).

Suzuki et al. evaluated MRI patterns of BCG-induced
granulomatous prostatitis specifically and they identified
three main types: diffuse, nodular, and cystic with a mural
es and diagnostic considerations, Clinical Radiology, https://doi.org/



Figure 5 A 59-year-old manwith fever, urinary tract infection, and pyuria. (a) The contrast-enhanced CT demonstrated a heterogeneous prostate
gland (arrow). (b) The follow-up mpMRI demonstrated a 3.2 cm T2 hypointense lesion (arrows) involving the majority of the right prostate lobe,
which demonstrated abnormal enhancement (arrow, (c) and restricted diffusion (d, arrows) with corresponding signal loss on ADC (e, arrows).
Prostate biopsy revealed benign prostate tissue with dense granulomatous and lymphoplasmacytic inflammation with scattered micro-
abscesses in the right gland in keeping with non-specific granulomatous prostatitis.
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nodule. The diffuse subtype was the most common and
these lesions showed high signal intensity on T1W, low
signal intensity on T2 and higher signal on diffusion-
weighted imaging (DWI). With the nodular subtype, they
described a polygonal shapewithmarked hypo-intensity on
T2WI to be characteristic37 (Fig 6). Overall, however, gran-
ulomatous prostatitis showed mixed signal intensities on
T1, T2, and DWI. This variability in signal on T2WI and DWI
is seen in tuberculomas elsewhere in the body and is
thought to reflect differing amounts of acute inflammation
and caseous necrosis38,39 (Fig 7).

The most important differential diagnosis to consider is
prostate carcinoma, and although there are certain radio-
logical features that may point to one diagnosis over
another, biopsy is often required for a definitive diagnosis
unless there is a high index of suspicion for BCG-induced
granulomatous prostatitis. In a retrospective study per-
formed by Rais-Bahrami et al., they compared the MRI
findings of biopsy-proven granulomatous prostatitis cases
to Gleason Grade Group 3 (Gleason score �4 þ 3) or higher
cases. They identified that mean ADC values were higher for
granulomatous prostatitis, whereas higher stage features,
such as extracapsular extension, were common with pros-
tate carcinoma.40 Kawada et al. compared radiological fea-
tures specifically of BCG-induced granulomatous prostatitis
Please cite this article as: Shakur A et al., Prostatitis: imaging appearanc
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with prostate carcinoma. The BCG-induced lesions showed
early and prolonged ring enhancement following contrast-
enhanced MRI with gadolinium, in contrast to the early
enhancement and rapid contrast medium washout seen
with prostate carcinoma. Additionally, they also showed
BCG-induced granulomatous lesions to reduce in size with
anti-tuberculous therapy, which could also help in differ-
entiating them from prostate cancer.41
IgG4-related prostatitis

IgG4-related disease is rare immune-mediated inflam-
matory condition affecting a wide range of organ systems. It
is characterised by enlargement of the affected organs, tis-
sue IgG4 plasma cell deposition, a variable degree of tissue
fibrosis, and often a significantly raised serum IgG4.42

Genitourinary system involvement is rare and includes a
variety of entities including retroperitoneal fibrosis of the
ureter or kidney, tubulointerstitial nephritis, pseudotumour
of the bladder, and hypovascular renal lesions. Prostatitis is
a relatively newly described manifestation of IgG4 disease
and was first reported by Yoshimura et al., in 2006, with a
reported incidence ranging from 1e35% in Asian men with
IgG4 disease.43 There is, however, limited data regarding
es and diagnostic considerations, Clinical Radiology, https://doi.org/



Figure 6 (a) A 65-year-old man with a history of bladder transitional cell carcinoma and BCG treatment underwent mpMRI, which demon-
strated background T2 hypointensity involving the majority of the bilateral peripheral zones. There are superimposed nodules in the mid and
right posterior peripheral zone that demonstrate more pronounced T2 hypointensity (a, arrows), smooth rim enhancement (b, arrows), and
restricted diffusion (c, arrows) with signal loss on the ADC maps (d, arrows). Prostate biopsy demonstrated prostatic tissue with atrophic
changes and chronic inflammation with granulomatous inflammation in keeping with BCG granulomatous prostatitis. The smooth rim
enhancement of nodules represents the pseudo-capsule with granulation tissue.
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the incidence in populations outside Asia. Several studies
have reported most cases of IgG4-related prostatitis to be
associated with autoimmune pancreatitis or IgG4-
associated cholangitis.44,45 The clinical presentation is
similar to that of BPH or chronic prostatitis, with lower
urinary tract symptoms including dysuria, urinary urgency,
and a feeling of incomplete emptying.46 Corticosteroids are
the first-line therapy for symptomatic patients; however,
the response varies according to the affected organs and
degree of fibrosis. Immunomodulators can also be consid-
ered to avoid the effects of long-term corticosteroid use.47,48

Imaging features

Multiparametric MRI often shows non-specific diffuse
enlargement of the prostate, focal or diffuse T2
Please cite this article as: Shakur A et al., Prostatitis: imaging appearanc
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hypointensity and may demonstrate diffusion restriction
as well as signal loss on ADC maps.49,50 Due to the
abundance of inflammatory cells, integrated 2-[18F]-flu-
oro-2-deoxy-D-glucose (FDG) positron-emission tomog-
raphy (PET)-CT is a useful tool in the management of
IgG4-related diseases. It can be used to assess organ
involvement, monitor therapeutic response, and guide
interventional treatment. In the prostate, FDG-PET/CT
shows diffusely increased FDG uptake, which can help
distinguish it from focal increased uptake with malig-
nancy.51 When considering a diagnosis of IgG4-related
prostatitis, it is crucial to search for synchronous lesions
as patients may experience localised symptoms due to
infiltration/fibrosis of the affected organ and delay in the
diagnosis and treatment can lead to major organ
dysfunction and failure47 (Figs 8 and 9).
es and diagnostic considerations, Clinical Radiology, https://doi.org/



Figure 7 A 71-year-old manwith a history of bladder transitional cell carcinoma receiving BCG therapy presented for mpMRI that demonstrated
a 2 cm T2 hypointense lesion (a, arrows) in the right peripheral zone with abnormal enhancement (b, black arrow) with a focal area of hypo-
enhancement medially (b, white arrow), restricted diffusion with increased signal intensity medially (c, arrow) and corresponding signal loss on
the ADC maps (d, arrow) representing focal necrosis. Prostate biopsy demonstrated necrotising granulomas in keeping with BCG treatment
effect.
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Figure 8 A 32-year-old man with flu-like myalgias and headache in the setting of VGKC autoantibodies. PET-CT was performed to assess for
paraneoplastic syndrome and demonstrated asymmetric intense FDG uptake in the left prostate gland (a, arrow). mpMRI, 9 months later,
demonstrated diffuse abnormal T2 hypointensity (b, arrows) involving nearly the entirety of the bilateral peripheral zones with associated
abnormal enhancement (c, arrows), restricted diffusion (d, arrows) and signal loss on ADC maps (e, arrows). These findings were most
compatible with IgG4 related prostatitis (prostate-specific antigen 0.8 ng/ml).

Figure 9 A 78-year-old man with IgG4 disease. PET-CT demonstrated peri-aortic enhancing soft tissue (a,b, arrows) with corresponding
increased FDG activity (c,d, arrows) in keeping with IgG4-related aortic vascular disease. The same PET-CT also demonstrated increased FDG
activity within the prostate gland, in keeping with IgG4 prostatitis (e, arrow).
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Conclusion

Prostatitis encompasses several entities, which have
overlapping clinical and radiological features. Accurate
diagnosis of the specific type of prostatitis is important so
the correct therapy can be initiated, and unnecessary sur-
gical intervention avoided. The main MRI findings include
focal or diffuse prostate enlargement, T2 signal hypo-
intensity, diffusion restriction and corresponding low
signal intensity on ADC maps. A previous history of BCG
immunotherapy, confirmed TB infection, or TURP should
prompt consideration of a diagnosis of granulomatous
prostatitis. In patients with metachronous organ involve-
ment outside of the prostate gland, IgG4-related disease
should be considered. Synchronous disease should also be
sought, as IgG4-related disease responds well to cortico-
steroid therapy and immunomodulators.

The radiological features of prostatitis often overlap with
prostate carcinoma, which is the most important differen-
tial diagnosis to consider. On T2WI, the hypointense T2
signal areas in prostatitis are usually geographic and ill-
defined and generally do not exert mass effect on the
adjacent normal prostate tissue in contrast with prostate
carcinoma. Although both diseases demonstrate diffusion
restriction, in prostatitis it is usually to a lesser degree than
seen in prostate carcinoma.52,53 Similarly the ADC values
tend to be higher in prostatitis patients compared with
prostate carcinoma patients11,12. Although prostatitis can
mimic prostate carcinoma radiologically, it is important to
bear in mind the two may coexist.54
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