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Abstract
Objectives The subcommittee on scrotal imaging, appointed
by the board of the European Society of Urogenital Radiology
(ESUR), have produced guidelines on imaging and follow-up
in testicular microlithiasis (TML).
Methods The authors and a superintendent university librari-
an independently performed a computer-assisted literature
search of medical databases: MEDLINE and EMBASE. A
further parallel literature search was made for the genetic
conditions Klinefelter’s syndrome and McCune-Albright
syndrome.

Results Proposed guidelines are: follow-up is not advised in
patients with isolated TML in the absence of risk factors (see
Key Points below); annual ultrasound (US) is advised for pa-
tients with risk factors, up to the age of 55; if TML is found with
a testicular mass, urgent referral to a specialist centre is advised.
Conclusion Consensus opinion of the scrotal subcommittee
of the ESUR is that the presence of TML alone in the absence
of other risk factors is not an indication for regular scrotal US,
further US screening or biopsy. US is recommended in the
follow-up of patients at risk, where risk factors other than
microlithiasis are present. Risk factors are discussed and the
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literature and recommended guidelines are presented in this
article.
Key Points
• Follow up advised only in patients with TML and additional
risk factors.

• Annual US advised for patients with risk factors up to age
55.

• If TML is found with testicular mass, urgent specialist
referral advised.

• Risk factors – personal/ family history of GCT, maldescent,
orchidopexy, testicular atrophy.

Keywords Testicular microlithiasis . Testis
microcalcification . Germ cell tumour . Ultrasound

Introduction

Testicular microlithiasis (TML) is a common finding on scro-
tal ultrasound (US), but its significance remains controversial.
In September 2012, the board of the European Society of
Urogenital Radiology (ESUR) established a subcommittee
on scrotal imaging which was asked to produce guidelines
on imaging and follow-up in TML.

Process

The guidelines were written by consensus, based on expert
opinion frommembers of the Scrotal ImagingWorking Group
of the ESUR, and following review of the literature. This
consensus was reached after three face-to-face meetings of
the subcommittee, communication amongst the subcommittee
members by email and sharing of research findings and pa-
pers. Preliminary findings were discussed at committee meet-
ings and all members agreed on the guidelines proposed
below.

The authors and a superintendent university librarian inde-
pendently performed a computer-assisted literature search of
medical databases: MEDLINE (January 1951 to date) and
EMBASE (January 1974 to date). The search parameters are
summarised in Table 1. A further, parallel literature searchwas

made for the genetic conditions Klinefelter’s syndrome and
McCune-Albright syndrome, summarised in Table 2. All the
references were imported into Endnote Professional Edition
Version 7 © 1988–2013 Thompson Reuters and each study
reviewed.

Results

The presence of TML alone in the absence of other risk factors
is not an indication for regular scrotal US, further US screen-
ing or biopsy. US may be recommended in the follow-up of
patients at risk, when risk factors other than microlithiasis are
present.

Testicular microlithiasis (TML)

TML is a condition in which calcium deposits form in the
lumina of seminiferous tubules or arise from the tubular
basement membrane components [1–4]. The histology shows
micro calcium deposits with surrounding fibrosis. The micro-
liths do not cause pain or symptoms and are impalpable. TML
is an imaging diagnosis, almost invariably made with testicu-
lar US, where an echogenic non-shadowing focus less than
3 mm will be seen.

Two possible definitions for TML have been proposed: five
or more microliths in the whole testis [5, 6], or five or more
microliths per field of view. The former is more straightfor-
ward— if there are five foci in imaging the testis, there is
TML. The latter definition captures the idea of clustering
better, but not rigorously. Clustering may be important, and
in fact, five microliths per field in a cluster may be more
worrying than 10 scattered throughout the testis. The cluster-
ing may herald a dysgenic ‘unstable’ area in the testis, wherein
carcinoma in situ (CIS) can develop. In any case, a cluster of
five microliths would fulfil the first definition; the committee
declared an overwhelming preference for the second defini-
tion. The microcalcifications are not visible on MRI.

Table 1 Literature search parameters

Search parameter MEDLINE EMBASE

Keyword TM or lithiasis or microlithiasis or microcalcification TM or lithiasis or microlithiasis or microcalcification

And keyword Testicular or testicle or testis Testicle or testis

And keyword Adult or adult (age group) Adult or adult (age group)

Mesh Lithiasis Testis disease
Testicular diseases

Testis
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Testicular ultrasound

The testes are ideally suited to US evaluation due to their
superficial position within the scrotum, which permits imag-
ing with high frequency linear array transducers, producing
images of high resolution. A number of advances in US
technology in recent years have further increased US image
quality; it is likely that this has resulted in increased detection
of testicular microliths. The major advance in image quality
has been through improved transducer technology. Transducer
frequency has been increased such that modern small-part
linear array transducers will typically have a centre frequency
of at least 12 MHz producing images of high spatial resolu-
tion. Development of high bandwidth transducers has also
permitted adoption of harmonic imaging technology where
the fundamental (transmitted) frequency is removed from the
received signal and the image formed from harmonic frequen-
cies; this contributes to higher image quality by reduction of
artefacts due to clutter from beam side lobes and reverberation
artefacts. A number of innovations in post processing have
been developed to increase contrast resolution and reduce
speckle. These include spatial compounding and frequency
compounding. The increase in computing power has
underpinned these developments, enabling large volumes of
data to be quickly processed. This has allowed the develop-
ment of a wide variety of post processing algorithms to further
improve image quality.

When evaluating the testes, US should be performed with a
high frequency transducer of at least 15 MHz. A lower fre-
quency transducer may be considered for large scrotums
where US beam penetration may be an issue. We concur with
the European Association of Urology (EAU) statement ‘The
incidence (of testicular microlithiasis) reported seems to be
higher with high-frequency ultrasound machines’ [http://
www.ncbi.nlm.nih.gov/pubmed/10524881].

TML may be detected in different clinical scenarios which
may require a tailored approach for follow-up. When TML is
discovered, it may be useful to complete a checklist for risk
factors at the end of the US examination to decide which

recommendation to follow. A sample checklist is provided
as Appendix 2.

Some common clinical scenarios where TML may be
discovered include:

1. As an isolated finding at scrotal US, in the absence of any
risk factors (Table 3).

The current recommendations, including those of the
EAU [7–10] are that the presence ofmicrolithiasis alone is
not an indication for a regular scrotal US [9], and that in
the absence of other risk factors, TML is not an indication
for biopsy or further US screening [8, 10].

The patient may be discharged with advice about
performingmonthly scrotal self-examination and a patient
information leaflet (Appendix 1). The rationale for this
approach is discussed further below.

2. When TML is discovered in the setting of another risk
factor, regardless of whether it is unilateral or bilateral
(Table 3), and provided that there is no focal lesion within
either testis, the following may be advised:

a. Annual follow-up with US.
b. Monthly self-examination: the patient may need to be

taught the procedure in the urology clinic.
c. If self-examination reveals a new mass within the

scrotum, there should be direct access to fast track
US, without the need for repeat clinical referral.

An important advantage of the annual surveillance
is to maintain the patient’s engagement with the

Table 3 Risk factors that warrant follow-up of men with TML

Previous germ cell tumour

History of maldescent

History of orchidopexy

Atrophy <12 ml volume

History of germ cell tumour in 1st degree relative

Table 2 MEDLINE literature
search summary re genetic con-
ditions relevant to TML

Search parameter no. Term Results

5 TESTIS/ OR TESTICULAR DISEASES/ 59,804

6 (testicular OR testis OR testes OR testic* OR scrotum OR scrotal).ti,ab 99,356

7 5 OR 6 116,917

8 (KLINEFELTER OR “MCCUNE-ALBRIGHT”).ti 1,097

9 exp KLINEFELTER SYNDROME/ 3,398

10 exp FIBROUS DYSPLASIA, POLYOSTOTIC/ 1,046

11 8 OR 9 OR 10 4,533

12 7 AND 11 730

13 12 [Limit to: Publication Year 2003–Current] 212
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process, as indefinite self-examination without inter-
mittent contact with medical care is likely to fail.

3. If TML is discovered together with a focal testicular mass/
marked hypoechoic area, immediate referral should be
made to a specialist urology centre.

4. If there are too many microliths to adequately assess the
testicular parenchyma, or if TML appears clearly asym-
metric with alterations of echotexture, guidelines suggest
that referral is made to a specialist centre.

Follow-up is recommended up to the age of 55 years, based
on European data on the incidence of testicular cancer by age
in male populations from UK, France, Greece and Poland.
However, doubt exists whether the incidental detection of a
subclinical mass on annual screening US confers any survival
advantage over early clinical detection achieved by regular
self-examination [11].

On referral to a specialist centre, depending on local prac-
tice, further tests may include:

a. Measurement of tumour markers
b. Further imaging, such as gadolinium-enhanced MRI or

contrast enhanced US
c. Surveillance US
d. Surgical biopsy or orchidectomy

Testicular macrocalcification, that is any intratesticular fo-
cus of coarse calcification (larger than TML), separate from
any intratesticular mass, may also be found during a testicular
US. It has been suggested that patients with any intratesticular
calcification should be considered to be at higher risk of a co-
existing testicular malignant lesion, and possibly also of de-
veloping a neoplasm in the future [12]. Recommendations for
surveillance of testicular macrocalcification lie outside the
remit of this paper.

MRI

MRI has no direct role in the monitoring of TML and micro-
liths are not visible on MRI. If an intratesticular mass is
suspected and US findings are indeterminate, MRI may be
used as a problem-solving modality.

Evidence: risk factors

A helpful summary of the risk factors has been presented by
Manecksha and Fitzpatrick [13].

Testicular dysgenesis syndrome (TDS)

At the turn of the millennium, around the same time that TML
was being proposed as a premalignant condition, papers were

published advocating the concept of testicular dysgenesis
syndrome.

‘There is evidence that poor semen quality, testicular can-
cer, undescended testes and hypospadias are symptoms of one
underlying entity, testicular dysgenesis syndrome (TDS),
which may be increasingly common due to adverse environ-
mental influences.’ The same authors asserted that there was
increasing evidence of the importance of TDS in initiating
testicular germ cell tumour (GCT) and that it was also associ-
ated withmicrolithiasis [14–16]. Further evidence for the TDS
hypothesis came from a UK-based meta-analysis [17] as well
as a 2009 review [18] that concluded that ‘Dysgenetic testes
often have an irregular ultrasound pattern, where microliths
may also be visible. However, the cause of TDS in humans
remains to be determined.’

More recently, and mirroring the move away from insisting
that TML is premalignant, reports challenge the TDS model.
Epidemiological studies provide little support for existence of
a widespread TDS because there are no consistent non-causal
associations between its different manifestations. There is
furthermore little evidence of shared causes between the al-
leged components of the syndrome [19–21]. A Norwegian
study gauging relative fertility between men with GCT and
matched control concluded that fatherhood was slightly more
frequent among men developing testicular cancer (TC) than in
controls. Prediagnosis fertility rates of men who developed
TCwere similar to those of age-matched men from the general
population. Interestingly, men developing TC in both testicles
did not have inferior fatherhood rates before diagnosis. These
results challenge the appropriateness of the TDS which would
predict that infertility would be higher in those predisposed by
virtue of TDS to GCT [1].

History of germ cell tumour

Patients with a history of prior malignancy may fall into the
following categories:

Family history, 1st degree male relative

Approximately 1.4 % of newly diagnosed GCT patients report
a positive family history. The relative risk to a brother of a
GCTcase is 8–10 and the relative risk to a father/son of a GCT
case is 4–6. Moreover, a 37/67.5-fold elevated risk of GCT in
dizygotic/monozygotic twin brothers of men with GCT has
been reported [22]. In the nationwide Swedish Family-Cancer
Database study to analyse the risk for testicular cancer by
Hemmink that included 4,856 patients with testicular cancer,
aged 0–70 years, standardised incidence ratios for familial risk
were 3.8-fold when a father and 7.6-fold when a brother had
testicular cancer [23].

Age at diagnosis is 2–3 years younger for familial versus
sporadic cases. Mai et al. reported that familial cases on

326 Eur Radiol (2015) 25:323–330
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average were diagnosed 2–3 years younger than population
cases, with seminoma demonstrating a larger difference [24].

TML is significantly more common among family members
of men with GCT than in the general population [22, 25, 26].

Maldescent and/or orchidopexy

These are established as independent risk factors for develop-
ing GCTs even in the absence of TML.

Reduced volume of testis

Testicular atrophy should not just be based on testicular vol-
ume measurement as testicular morphology is also important
in recognition of this condition in ‘acquired’ atrophy rather
than in ‘primary hypoplasia’. For patients up to 18 years of
age, normative values have been provided by Goede et al.
[27]. Beside evaluation of the volume, a difference greater
than 20% between the volume of the two testes should also be
considered, to assess atrophy. It is worth noting that the left
testis is usually smaller than the right testis.

The size of testes in many publications is evaluated by
comparison with some models (Prader orchidometer)—the
method overestimates the testicular volume by about 20–
25 %, even if it correlates very strongly with the US
volumetry. Measurements in US are used to measure the
volume, but there are also several formulae. For this

document, the normal mean testicular volume is estimated at
18 ml (12–30 ml) with the interpretation that a testis less than
12ml in volume should be considered as small. Accepting that
it may not be routine practice to measure the testicular volume
in each case, volumetry should be performed if the maximum
testicular dimension is 35 mm or less.

Referred for scrotal ultrasound with relevant genetic disorder

Klinefelter’s syndrome

Sporadic case reports of TML in Klinefelter’s syndrome have
been published, although there is no evidence that the inci-
dence is higher than background. The majority of patients with
this syndrome have infertility and/or testicular atrophy [28],
and TML in association with atrophy should trigger surveil-
lance. In the setting of infertility and TML but otherwise
normal scrotal US findings, management should be as for the
general population. Incidental testicular nodules (small nod-
ules) are seen more frequently in patients with Klinefelter’s
syndrome than in the general population, and most nodules
represent benign Leydig cell nodules/hyperplasia.

Testicular pathology in McCune-Albright syndrome

The incidence of gonadal pathology in McCune-Albright
syndrome is equal in men and women. Testicular abnormality

Table 4 Summary of ESUR guidelines on imaging and follow-up in testicular microlithiasis

US finding <5 ML per FoV >5 ML per FoV Diffusea <5 ML per FoV but ≥5 totalb

Normal testis, no risk factor Discharge Discharge Annual US Discharge with open access

Normal testes but prior GCTc,
maldescent, orchidopexy
or atrophic testis

GCT under oncology surveillance F/U annual US F/U annual US GCT under oncology
surveillance

Maldescent, orchidopexy,
atrophy: D/C with advice

Maldescent, orchidopexy,
atrophy: D/C with advice

Genetic disease (Klinefelter) F/U ultrasound at 6 & 12 months
looking for nodule >3 mm,
D/C if none detected

F/U at 6 & 12 months looking
for nodule >3 mm, D/C home
if none detected

Refer to specialist D/C

F/U US at 6 & 12 months looking
for a nodule >3 mm, discharge
if none detected

Focal lesion Refer to specialist centre (for urology ± oncology input)

Consider close follow-up (4–6 weekly), MRI with contrast, biopsy or orchidectomy

NOTE: Association of microliths and hypoechoic region suggestive of seminoma or burned out GCT irrespective of
number

NOTE: Clustering of microliths adjacent to a focal non-cystic lesion is highly suggestive of GCT

Macrocalcification As for focal lesion above

RF risk factors which include previous malignancy, maldescent, small testis, orchidopexy, TML testicular microlithiasis, 5 or more microcalcifications
per field of view, FoV field of view,D/C discharge from follow-up with advice about self-examination, F/U follow-up,MRI scrotalMRI with gadolinium
sequences, CEUS contrast enhanced (microbubble) ultrasound, US scrotal ultrasound, GCT germ cell tumour, ML microliths
a Often associated with atrophy and infertility
b Very unlikely in reality to have >10 ml in total, as would then be ≥5 in a FoV
cMen with prior history of GCTwill be under surgical/oncological review

Eur Radiol (2015) 25:323–330 327
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is seen onUS in about 80% including 30%withmicrolithiasis
and 11 % focal calcifications [29, 30]. The predominant histo-
pathological finding is Leydig cell hyperplasia, which carries a
low risk of malignant transformation and can be managed
conservatively. Recommendations for this condition, and for
disparate other syndromes including congenital adrenal hyper-
plasia, are the same as for the general population.

Referred for scrotal ultrasound with infertility

The additional risk, if any, of GCT in men with subfertility,
who on scrotal US have TML, is hard to determine, not least
because of lack of subclassification within the literature [31].
The group that may warrant follow-up are those with pri-
mary infertility, non-obstructive and non-endocrine i.e. tes-
ticular aetiology. In this group, the relationship between
TML and infertility is unclear, but may relate to dysgenesis
of the testes, with degenerate cells being sloughed inside an
obstructed seminiferous tubule and failure of the Sertoli cells
to phagocytose the debris. Subsequently, calcification occurs
[18, 32].

The majority of focal lesions discovered during US for
infertility are benign [33].

Paediatric population [33–37]

Scrotal US may be performed in children/adolescents for
atrophy, maldescent, in those with a syndrome or in patients
with clinical symptoms [34–38]. Recognition of TML in these
groups should be managed as follows:

1. Atrophy [27]: annual US follow-up, inform parents/
guardians and teach scrotal examination

2. Maldescent/post orchidopexy: annual US follow-up, in-
form parents/guardians and teach scrotal examination

3. Syndrome: see section above
4. Symptoms: as for general recommendations

Testicular biopsy in TML: recommendations

Patients with small or atrophic testes with microcalcifications/
microliths or an irregular echo pattern on US are at increased
risk of harbouring CIS [39]. At orchidectomy in men with
GCT, if there is TML in the contralateral testis, or if the
contralateral testis is atrophic, biopsy of contralateral testis
may be indicated to look for CIS. A policy of ‘open access’
wherein the man may refer himself directly for follow-up
scrotal US if an intratesticular mass is felt on self-
examaintion can be very worthwhile; in our experience it
has sped up treatment in men with interval GCTs and has
not led to a flood of self-referrals.

Conclusion

The presence of TML alone in the absence of other risk factors
is not an indication for regular scrotal US, further US screen-
ing or biopsy.

Ultrasound is recommended in the follow-up of patients at
risk, where risk factors other than microlithiasis are present. A
summary of the guidelines is presented in Table 4.
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Appendix 1

Patient leaflet for testicular microlithiasis

What is testicular microlithiasis?

Small lumps of calcium lie in the small tubes within the
testicle. There must be at least 5 such calcifications in one
(or both) testicles before the label testicular microlithiasis
(TML) is applied. TML is seen in about 2 or 3 men in every
hundred.

How is TML detected?

The calcium lumps cannot be felt and they do NOT cause
discomfort. They can only be seen on ultrasound. In other
words, TML was discovered incidentally during your ultra-
sound scan of the testes.

Why is TML important?

At the end of the 1990s, there was some concern that TML
might lead to cancer of the testicle. Since then, many studies
across the world have looked at TML. They have NOT
confirmed the initial worries.

There is no evidence that TML on its own leads to cancer.

What should I do?

Like every man, including men who do not have TML, you
should practice monthly self-examination of the testicles. If
you are uncertain about how to do this, please ask your doctor.
Nothing else is required. You do not need regular ultrasound
scans. The calcium in the testicles is not related to your diet or
to any sexual or other activity.

328 Eur Radiol (2015) 25:323–330
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What should I do if I feel a new lump during self-examination?

Please contact your family doctor or specialist. Your family
doctor or specialist will examine you and if thought appropriate
will refer you on for a specialist opinion. It is likely that you will
be referred also for an urgent ultrasound scan. This will be
usually at the hospital where the initial scan was performed.

Appendix 2

Checklist to be completed in men discovered to have TML

If you discover a patient has TML during ultrasound scanning,
risk factors for developing GCT should be ascertained.

Risk factor Comments Yes >=5 ML
per FoV

Yes Diffuse No TML
i.e. no
FoV
contains 5
or more
microliths

Maldescent Ask patient
for relevant
history

Annual US Annual US Discharge

Orchidopexy Ask patient
for relevant
history

Annual US Annual US Discharge

Previous
GCT

Likely to have
orchidectomy
so this should
be easy to
ascertain. If
there is any
doubt, ask the
patient

Annual US Annual US Discharge

Genetic
disease

Ask patient
for relevant
history

Repeat US at
6 and 12
months, D/
C if no
nodule
>3mm

Refer Discharge

Family
history
of GCT

Ask patient
for relevant
history

Encourage
self-
examination
and offer
open
access

Encourage
self-
examination
and offer
open access

Discharge

Atrophic
testis

Should be noted
during the
ultrasound
examination

Annual US Annual US Discharge
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