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Abstract
Ultrasound is the first-line imaging modality in the assessment of the female reproductive system in all age groups. However, the

paediatric and adolescent subset of patients present a particular set of challenges. These include technical challenges that come

from largely being limited by transabdominal imaging as well as dealing with the often-complex social issues around the sexual

health of adolescents. In addition, this group of patients has a unique set of pathologies that are not seen in the adult population

and conversely, common gynaecological conditions affecting adults such as endometriosis and polycystic ovarian syndrome are dif-

ficult to diagnose in adolescents. Therefore, we propose that paediatric and adolescent gynaecological ultrasound requires a dif-

ferent approach. This paper summarises the differences in technique, common pathologies and touches on some of the relevant

social issues that are unique to this population of atients.
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Introduction
Most ultrasound users are familiar with the basic principles
of a gynaecological ultrasound. However, in the paediatric
and adolescent population, scan techniques are essentially
limited to a transabdominal or transperineal approach. Many
gynaecological conditions commonly encountered in adults,
such as fibroids and adenomyosis, are not encountered in
children and rare in adolescents. Similarly, common patholo-
gies affecting adults such as endometriosis and polycystic
ovarian syndrome (PCOS), which may be present in the ado-
lescent age group, are challenging or impossible to diagnose
based on ultrasound criteria. Increased societal awareness of
such conditions through media coverage and education cam-
paigns has seen an increase in the number of adolescent
patients presenting for a gynaecological ultrasound. Whilst it
is obvious that a missed or delayed diagnosis can have a sig-
nificant adverse impact on the patient, it is equally important
to consider the potentially harmful long-term effects of a neg-
ative scan experience in these formative years. It is important
that we are sensitive to the potentially negative impact of dis-
cussing sexual health issues in the adolescent population as

neither the patient nor their caregiver may be psychologically
prepared for this. It is imperative that those interacting with
these girls do so in a manner that is constructive to their
health and well-being, both by optimising technique to pro-
vide an accurate diagnosis and being socially aware to ensure
these girls feel comfortable within the women’s health space.
This paper aims to equip ultrasound users with the informa-
tion needed to approach the gynaecological ultrasound in this
specific group.

Normal anatomy and physiology of the developing female
reproductive organs

Uterus
The uterus has a variable sonographic appearance throughout
childhood due to normal hormonal influences. The normal
neonatal uterus can have a prominent appearance due to the
presence of residual maternal hormones (Figure 1). At this age,
the cervix is larger than the fundus with a fundus–cervix (F-C)
ratio of 1:2.1 An echogenic appearance of the endometrium is
common. The presence of a trace of fluid within the cavity is
not cause for alarm, and a small amount of vaginal bleeding in
newborn females is common secondary to the withdrawal of
maternal hormones.
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In the pre-pubertal age group, the uterus is smaller relative to
the cervix, has a tubular shape and an F-C ratio of 1:1 (Figure 2).

Following the onset of menses, the adolescent uterus has the
same appearance as the adult uterus with a ‘pear’ shape and F-
C ratio of 2–3:1 (Figure 3). The endometrium at this stage
should have a normal cyclic appearance as seen in the adult
population. Normal uterine volumes based on age have been
provided in Table 1 2 and F-C ratios in Table 2.

Ovaries
Ovarian size is conventionally expressed as a volume. All mod-
ern machines are able to easily calculate this with a package. If
not calculated at the time of the scan, the formula for

calculation of the volume of a sphere is utilised (vol-
ume = (length 9 width 9 height) 9 0.53). Normal ovarian
volumes based on age have been provided in Table 3 3. Micro-
cystic (<10 mm) follicles are routinely seen from birth. Multi-
follicular (>20 follicles <10 mm) ovarian appearances are
common throughout adolescence (Figure 4).

Hormonal influences
Puberty signals sexual and reproductive maturity and occurs
due to two independent processes; gonadarche and adrenarche.
Gonadarche occurs due to the gonadal production of hor-
mones. It is triggered by the hypothalamus secreting gonado-
trophin-releasing hormone (GnRH) which stimulates the
anterior pituitary gland to release luteinising hormone (LH)
and follicle-stimulating hormone (FSH). The initial stages of
puberty are driven by oestradiol release from the ovaries stimu-
lated by FSH. Ovarian oestradiol secretion begins to increase
resulting in thelarche (defined as the onset and progression of
breast development1) at a mean age of 10 years (normal range:
eight to 12 years).4 Oestradiol also leads to skeletal maturation
resulting in a growth spurt and eventual fusion of the growth
plates. When the oestradiol level reaches a sufficient level to
stimulate the endometrium, menarche occurs. Menarche (de-
fined as the first episode of vaginal bleeding1) typically occurs
2.5 years after thelarche at about 12–13 years of age (normal
range: nine to 15 years).4 Adrenarche occurs when the adrenal
gland starts secreting androgens in response to adrenocorti-
cotropic hormone (ACTH) from the pituitary gland. This
results in the growth of pubic/axillary hair and activates the
sweat glands.

Figure 1: A normal midsagittal image of the uterus in a 4-week-old girl
(neonate) with the cervix larger than the fundus.

Figure 2: A normal midsagittal image of the uterus in a 6-year-old girl
(pre-pubertal) with the typical tubular appearance.

Figure 3: A normal midsagittal image of the uterus in a 16-year-old girl
(pubertal) with the classic pear-shaped appearance seen in adult
women.
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From the onset of menses, it will take on average 8 years for
a woman to reach full gynaecological maturity. As such, young
women outside of the traditional adolescent definition (i.e.
>18 years of age) may still not have reached gynaecological
maturity.

Protocol

History
Obtaining a thorough history is imperative in these patients
with the specific details needed and common scan indications
listed in Table 4.
Information regarding sexual activity, menstrual history,

contraception use and symptoms will need to be ascertained.
As these questions are intimate and intrusive at the best of

Table 1: Table of mean uterine volumes (cm3) by age. Taken from Kel-
sey et al.2 Data based on measurements from both TAS and MRI. It
should be noted that growth of the uterus is highly influenced by
pubertal status. As such, measurements should be correlated to both
age and pubertal status.

Uterine volumes (cm3) by age

Age 2SD
below

1SD
below

Mean 1SD
above

2SD
above

0 0.0 0.2 1.1 2.6 5

1 0.0 0.3 1.3 2.9 5.5

2 0.0 0.4 1.4 3.1 5.8

3 0.0 0.4 1.5 3.2 6.1

4 0.0 0.5 1.6 3.4 6.4

5 0.0 0.5 1.6 3.5 6.6

6 0.0 0.6 1.7 3.6 6.7

7 0.0 0.6 1.7 3.7 6.9

8 0.0 0.7 1.8 3.9 7.2

9 0.1 0.8 2.1 4.4 8.0

10 0.4 1.3 3.0 5.9 10.5

11 1.3 2.8 5.5 10.2 17.8

12 3.6 6.7 12.2 21.6 37.0

13 7.8 13.8 24.4 42.6 72.3

14 12.3 21.3 37.2 64.5 109.0

15 15.0 25.8 44.9 77.8 131.2

16 16.1 27.7 48.2 83.3 140.5

17 16.5 28.3 49.3 85.2 143.7

18 16.7 28.6 49.8 86.1 145.3

19 16.9 29.0 50.4 87.2 147.0

20 17.2 29.5 51.3 88.7 149.6

Table 2: Fundus–Cervix ratios.

Fundus–Cervix (F-C) ratio

Neonatal 1:2

Pre-pubertal 1:1

Pubertal 2:1–3:1

Table 3: Table of mean ovarian volumes (cm3) by age. Taken from Kel-
sey et al.3 Ovarian volume was found to peak at age 20. It should be
noted, these data were not exclusively from ultrasound and obtaining
accurate measurement of ovarian volumes by TAS is very challenging.

Ovarian volumes (cm3) by age

Age 2SD
below

1SD
below

Mean 1SD
above

2SD
above

0 0.0 0.0 0.2 0.5 0.8

2 0.1 0.4 0.7 1.0 1.5

4 0.3 0.6 0.9 1.3 1.8

6 0.5 0.8 1.2 1.7 2.3

8 0.8 1.2 1.7 2.3 3.0

10 1.3 1.9 2.5 3.3 4.3

12 2.1 2.8 3.7 4.7 6.0

14 3.0 3.9 5.0 6.4 8.0

16 3.9 5.0 6.4 8.0 10.0

18 4.5 5.8 7.3 9.2 11.4

20 4.8 6.1 7.7 9.6 12.0

Figure 4: A normal multifollicular ovary in a 16-year-old girl.
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times, a sensitive approach to questioning is required, being
mindful that the presence of a caregiver can both help and hin-
der this process.

Scan technique
Transabdominal scanning (TAS) is the standard approach to
ultrasound imaging in the paediatric and adolescent patient.
Bladder filling is essential as a poorly distended bladder may
affect image quality. A mid range or high-frequency curved lin-
ear transducer is ideal. In the very young, a high-frequency lin-
ear transducer can be utilised. Transvaginal scanning (TVS)
may be an appropriate modality in some sexually active adoles-
cents, so should not be instantly discounted upon age alone.
There is currently no specific guideline pertaining to this issue,
and laws regarding consent vary from state to state (and coun-
try to country). As such, practices need to develop their own
protocols in this area and refer to local laws regarding consent.
Sexual history, clinical history, age and the preference of the
referring doctor should all be considered when approaching
whether TVS is appropriate. As with any procedure, informed
consent from the patient herself is essential. If TVS is offered, it
must be stressed that there is an option to refuse or stop the
procedure at anytime. Adolescent girls are vulnerable and some
may be more likely to ‘do as they are told’ even if uncomfort-
able. We would stress that TVS should only be performed by
experienced sonographers or sonologists if deemed appropriate.
In some instances, transperineal scanning can be of use and
should be undertaken with informed consent.

Imaging protocol
A suggested protocol for scanning paediatric and adolescent
patients can be seen in Table 5.

The TAS approach to scanning should be similar to that of
scanning the adult gynaecology patient. Scanning should begin
with a scout scan of the entire pelvis in two planes to confirm
adequate filling of the bladder. If a uterus and two ovaries can-
not be adequately visualised, and the bladder is not well-dis-
tended, scanning should be delayed until the bladder is filled to
ensure optimal image quality.
The use of colour Doppler is essential, however, obtaining

adequate colour flow information can be challenging on TAS.
Settings should be optimised for low flow. Colour Doppler fre-
quency must be low enough to ensure adequate penetration.
Scale should be set to 3–6 cm/s and colour gain adjusted to just
below the level where noise will be seen.
The uterus must be imaged in two planes, assessing the size

of the organ, contours and echotexture. Measurement of the
uterus should be obtained in three orthogonal planes and a vol-
ume calculated. Normal uterine measurements can be seen in
Table 1. The length measurement is taken from the tip of the
fundus to the external os of the cervix. In addition, the size of
the uterus and cervix should be measured individually to facili-
tate calculation of the F-C ratio (Table 2). Measurement of the
anterior-posterior (AP), cervix and AP uterine thickness at the
fundus are obtained in the midsagittal longitudinal plane (Fig-
ure 5).
The AP thickness of the endometrium is measured in the

midline sagittal plane, and colour Doppler interrogation should
be performed to assess for potential endometrial lesions. 3D
coronal imaging of the endometrium to rule out a congenital
Mullerian anomaly can be obtained using a 3D curved linear
transducer (Figure 6).
The ovaries should be located within the adnexal region and

measured in three orthogonal planes with a volume calculated.
Normal ovarian volumes can be seen in Table 3.

Table 4: History and indications relevant to paediatric and adolescent
gynaecological ultrasound.

History relevant to the paediatric and adolescent population

• Date of last menstrual period
• Age of menarche
• Hormonal contraceptive use
• Sexually active

Paediatric indications

• Pre-pubertal bleeding
• Ambiguous genitalia
• Abdominal neoplasms
• Pelvic pain

Adolescent indications

• Dysfunctional bleeding
• Delayed puberty/Amenorrhoea
• Pelvic pain
• Endometriosis
• Suspected PCOS

Table 5: Suggested scanning protocol for paediatric and adolescent
gynaecological ultrasound.

Scanning protocol

• Uterus • Volume measurement of organ
• AP fundus and AP cervix

• F-C ratio

• Ovaries • Measure in three orthogonal
planes ad calculate volume

• Endometrium • AP measurement
• 3D coronal cavity shape

• Kidneys • Length measurement of both kid-
neys

• Adrenal glands
• Appendix
• Bowel wall
• Mesenteric nodes

• As indicated
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Documentation of any dominant follicles or significant cysts is
recommended as they may be hormone releasing. Colour Dop-
pler interrogation of the ovaries must be performed in the set-
ting of acute pain, suspected ovarian torsion or in the presence
of a mass. It should be noted that although well validated
within adult populations, the International Ovarian Tumour
Analysis (IOTA) models have not yet been validated in a paedi-
atric or adolescent population. Additionally, the IOTA models
are based on TVS only. As such, caution must be used if trying
to correlate TAS findings to the IOTA models in this group.5

As symptoms and presentation can be vague in this popula-
tion, it may be necessary to extend the examination beyond the
uterus and ovaries. The kidneys, adrenal glands, appendix,
bowel wall and mesentery should be assessed as needed but are
not routinely required. Sonographers and clinicians should be
guided by the clinical indications and sonographic features to
determine whether extension of the scan is necessary.
In the paediatric patient, the kidneys are best assessed in the

supine position via an anterior approach in both the longitudi-
nal and transverse plane. By rolling the patient into the lateral
decubitus position, each kidney can be assessed in the coronal
plane. Visualisation of the kidneys can be improved using a
breath hold, Valsalva manouver or utilising the liver or spleen
as an acoustic window to minimise the interference of bowel
gas. If good images cannot be obtained, a prone approach can
be helpful. In neonates and infants, the prone approach is often
the most beneficial.
The adrenal glands lie superior and anteromedial to the kid-

neys. Scan technique for the adrenal glands is similar to that of
the kidney. Adrenal glands are often challenging to see sono-
graphically in adults and may not always be visible in adoles-
cence, especially if not hypertrophic. In neonates and infants,
however, the adrenal gland is approximately one third of the
size of the kidney so should be readily visible.
The appendix (Figure 7) is normally located within the right

lower quadrant but may have an ectopic or retrocaecal location.
A full bladder can assist with the visualisation of the appendix.
Using a high-frequency (approx. 9MHz) linear transducer or

curved linear transducer, utilise a systematic scanning pattern
beginning low in the right iliac fossa (RIF) and moving cau-
dally. This may reveal an appendix overlying the iliac vessels.
Alternatively, locate the caecum and scan medially to find the
ilieocaecal valve. The base of the appendix will often be seen in
the region of the ileocecal junction. Once located, the appendix
should be assessed along its length to blunt-ended the tip.
Graded compression may be needed to displace bowel gas. To
assess for a retrocaecal appendix, push the medially from the
lateral aspect towards the umbilicus. This is known as ‘caecal
drag’. The bowel wall (Figure 8) can be assessed in a similar
fashion by sequentially scanning along the large bowel noting
bowel wall thickness, echogenicity and vascularity. The termi-
nal ileum should also be assessed for any signs of lymphoid
hyperplasia or ileitis.
Lymph nodes are found throughout the pelvis and abdomen

generally following the vessels. Lymph nodes are commonly
found within the RIF when searching for an appendix or in the
peri-umbilical region. Normal lymph nodes should have an AP
diameter of less than 10mm (Figure 9).

Pathology affecting paediatric patients

Pre-pubertal bleeding
Pre-pubertal vaginal bleeding is the most common indication
for gynaecological ultrasound in the paediatric patient. There is
a wide list of differential diagnoses, including precocious pub-
erty, vaginal foreign bodies, accidental trauma, sexual abuse,

Figure 5: Schematic diagram showing how to measure the F-C ratio.
The grey line marked fundus is the AP measurement of the fundus.
The grey line marked cervix is the AP measurement of the cervix. The
F-C ratio = F/C.

Figure 6: A 3D coronal reconstruction of the endometrial cavity
acquired transabdominally utilising a full bladder.
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vulvovaginitis, endocrine abnormalities, lichen sclerosus, ure-
thral prolapse, blood dyscrasia, haemangioma and vascular
malformations and tumours.1,6

Precocious puberty
Precocious puberty is the development of secondary sexual
characteristics in a girl younger than 8 years of age (e.g. Breast/
pubic hair development or menarche). There are two subtypes
of precocious puberty; central (true precocious puberty) and
peripheral. Central precocious puberty is gonadotropin-depen-
dent and idiopathic in a majority of cases.1 The remainder of
cases are commonly caused by a CNS lesion, typically an
intracranial mass or an increase in intracranial pressure. Within
this population, sonographic assessment often reveals an
increase of uterine and ovarian volumes prior to the typical
changes in biochemical hormone levels (luteinising hormone
and follicle-stimulating hormone).1 Measurement of the F-C
ratio is particularly important in these cases to show pubertal
change. Central precious puberty may be treated with long-act-
ing gonadotropin-releasing hormone analogues. An ultrasound

performed following treatment would reveal a decrease in both
ovarian and uterine volume if treatment has been successful.
Peripheral precocious puberty (also known as precocious

pseudo puberty) is gonadotropin-independent and is most
commonly due to oestrogen producing ovarian follicular cysts.
Expected ultrasound appearances in this setting would be an
enlarged (hormonally stimulated) uterus. In rare cases, periph-
eral precious puberty can be due to oestrogen-secreting neo-
plasms. Simple ovarian cysts are usually transient in nature and
rarely persist long enough to create uterine changes and are
more likely to be seen in the setting of an isolated PV bleed
with a pre-pubertal appearing uterus.

Vaginal foreign body
Vaginal foreign bodies are found in up to 18% of girls present-
ing with pre-pubertal bleeding.1 Up to 49%6 of girls will present
with vaginal bleeding or a blood-stained discharge. Foreign
bodies may be the result of self-insertion or retention of small
inorganic substances (i.e. sand and toilet paper) but can occur
as a result of sexual abuse. Vaginal foreign bodies may present

Figure 7: A normal appendix in a 3 year old appearing as a target in
the transverse plane (a) and a blind-ended tubular structure the longi-
tudinal plane (b).

Figure 8: Normal bowel wall in an adolescent girl. The ileum is marked
by white arrows (a), and the ascending colon is marked by the dashed
arrows (b).
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immediately or have been known to remain in situ for 2–
3 years before diagnosis.6

On ultrasound, foreign bodies will often present as oscillated
distortion of the posterior vaginal wall. Posterior acoustic shad-
owing may or may not be present. It must be noted; however,
that TAS has a poor sensitivity for the detection of vaginal for-
eign bodies with a sensitivity of only 33% found in a study by
Yang et al.7 Sensitivity could be increased to 81% when a trans-
abdominal/transperineal approach was utilised. As such, both
scanning techniques should be employed in the setting. It is
important to note that although ultrasound is a helpful non-in-
vasive tool, it cannot be relied upon for either diagnosis or
exclusion and vaginoscopy will often still be required if clinical
suspicion exists.

Ambiguous genitalia
Genital ambiguity affects approximately 1 per 4500 live births
although some degree of altered virilisation may occur in as

many as 2% of neonates.8 Extreme sensitivity is required by all
professionals involved in the care of these infants and no
attempt to guess the sex or assign a gender to the baby should
be made. Genetic testing will ultimately make a clinical diagno-
sis; however, this can take many weeks. In order to expediate
the process and reduce parental anxiety, ultrasound is often
performed with the objective of visualising the internal genital-
ia- specifically the vagina and uterus as the presence of these
structures will strongly favour a diagnosis of female sex. Even
after a medical/genetic diagnosis of sex is made this may not
correspond to the gender identity of the patient.
In these children, the examination should be extended to

include the kidneys to rule out renal anomalies which can occur
both in Mullerian malformation and various syndromes associ-
ated with ambiguous genitalia.8 If a uterus is not located,
attempt should be made to locate inguinal gonads, although
visualisation of intra-abdominal gonads is difficult, even for
very experienced sonographers and sonologists. MRI can be
used to aid in identifying intra-abdominal testes when not iden-
tified on ultrasound.

Ovarian torsion
Acute ovarian torsion in children is uncommon and can be
difficult to diagnose.9 It is most likely to occur in the peri-
menarchal and adolescent years.10 If diagnosis is delayed,
obstruction of first the lymphatic and venous drainage and
ultimately arterial perfusion leads to irreversible ischaemia
and subsequent necrosis of the ovarian tissue. As it presents
with abrupt onset of severe pain often associated with vom-
iting, other pathologies such as acute appendicitis, acute
renal pathologies, pelvic inflammatory disease and ectopic
pregnancy are all potential differentials.
Sonographically, torted ovaries, without a defined mass are

typically enlarged (compared to the contralateral ovary) and
heterogeneous due to central stromal oedema (Figure 10). An
underlying cyst or mass such a dermoid cyst is present in over
50% of cases.11 As blood flow changes often appear late in tor-
sion or may not be present when torsion is intermittent, relying
on colour and pulse wave Doppler alone is not adequate.11 The
sonographic ‘whirlpool’ sign is one of the most sensitive mark-
ers for ovarian torsion12 and can often be seen even on TAS
alone. Peripheral follicular rings (and echogenic ring outlining
the normal follicles) are also a strong sonographic indicator for
ovarian torsion1 and follicles are often displaced peripherally.

Pathology affecting adolescent patients

Dysfunctional bleeding
Irregular menstrual cycles are common during adolescence. This
is often explained by immaturity of the hypothalamic–pituitary–
ovarian axis during the early years after menarche.13 This imma-
turity often results in anovulation and long cycles. It is anticipated

(a)

(b)

Figure 9: Typical appearing mesenteric lymph nodes within the right
iliac fossa of an adolescent girl in grey scale (a) and with colour Dop-
pler (b).
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that 60–80% of adolescents should have a regular adult-like men-
strual cycle (i.e. 21–34 days) within three years of menarche.13

Bleeding patterns that warrant investigation in adolescents
include oligomenorrhoea (cycles > 35 days), secondary amen-
orrhoea (cycles lasting > 90 days), bleeding lasting > 7 days
and a menstrual flow heavy enough to require changing of sani-
tary products every 1–2 h.13

As most dysfunctional bleeding in adolescence has a hor-
monal origin, the role of ultrasound is to exclude underlying
uterine and ovarian lesions. It should be noted, fibroids,

endometrial polyps and adenomyosis whilst common amongst
adult females are extremely rare in adolescence.

Delayed or altered puberty/amenorrhoea
Puberty is considered delayed if there has been no develop-
ment of secondary sexual characteristics in girls by the age of
14. By the age of 16, all females should have reached

Figure 10: Ovarian torsion in a 10-year-old girl. The ovary appears
enlarged, heterogeneous, the follicles are shifted peripherally, echo-
genic rings (follicular rings) can be seen outlining the follicles, and no
blood flow is seen on colour Doppler imaging. Free fluid is seen
around the ovary.

Figure 11: A 3D coronal reconstruction of a subseptate uterus in a 16-
year-old girl. This image was acquired transabdominally with a 3D
curved linear transducer utilising a full bladder as a window.

Figure 12: A midsagittal transabdominal view of the pelvis in a 19-
year-old female with known Mayer–Rokitansky–K€uster–Hauser syn-
drome (MRKH). Note no uterine or vaginal tissue could be seen. The
right kidney was also absent.

Figure 13: A midsagittal image of the pelvis in a 16-year-old girl pre-
senting with primary amenorrhoea. Note the obvious vagina but seem-
ingly absent uterus. A hypoplastic uterus is present but not able to be
seen sonographically.
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menarche.4 Investigation of delayed puberty is largely focused
on endocrine assessment but all girls will require an ultrasound
to rule out an anatomical causes of amenorrhoea. Sonographic
assessment of the adrenal glands is helpful to assess for con-
genital adrenal hyperplasia although this is diagnosed through
blood tests. Ultrasound is of most use in adolescents with
amenorrhoea despite normal development of secondary sexual
characteristics.

Uterine anomalies
Congenital anomalies of the Mullerian duct affect approxi-
mately 5% of the population14 (Figure 11). Although many will
never require treatment, some will have implications for fertil-
ity or sexual function. Several systems exist for the classification
of Mullerian anomalies; however, there is no consensus cur-
rently on the best one to use. As such, personal preference of
the institutions can dictate which system to employ. In many
cases, the use of a drawn diagram and measurements of the
uterus obtained from 3D coronal reconstructions may be the
most useful system of reporting to guide clinicians in manage-
ment. Both TAS and TVS approach can be used for obtaining
3D coronal views, although resolution of the TAS approach
may be poor. If TVS is not suitable and a definitive diagnosis is

needed in paediatric or adolescent girls, MRI is commonly per-
formed. If a unicornuate uterus is suspected, a thorough search
for a rudimentary horn should be performed with the under-
standing that the rudimentary horn may be very small, unusu-
ally located and may not be communicating with the
endometrial cavity.
Upon detection of any Mullerian anomaly, extension of the

scan to rule out congential renal tract anomalies is a must. Con-
versely, detection of a congenital renal anomaly in a young
female should raise the suspicion of a co-existent Mullerian
anomaly given the recognised association. Unilateral renal age-
nesis, horsehoe kidneys, duplex kidneys, ectopic kidneys (eg.
pelvic) and cross-fused ectopic are all possibilities.

Mayer–Rokitansky–K€uster–Hauser syndrome (MRKH)
Mayer–Rokitansky–K€uster–Hauser (MRKH) syndrome is char-
acterised by congenital aplasia of the uterus and the upper two-
thirds of the vagina. People with MRKH will show normal
development of secondary sexual characteristics and a normal
46XX karyotype. The incidence of MRKH is approximately 1 in
4500.15 It may be isolated (MRKH type I) or associated with
renal, vertebral, auditory and cardiac defects (MRKH type II)
with type II being more common.

(a) (b)

(c) (d)

Figure 14: A 20-year-old women with androgen insensitivity syndrome (AIS). a and b represent the gonads present within the inguinal canal. c
and d represent fluid-filled tubular structures superior and lateral to each gonad with no associated vascularity. This appearance is secondary to
juxta-testicular Mullerian duct cysts.
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Presentation of MRKH will typically be in an adolescent
female who is amenorrhoeic despite normal secondary sexual
characteristics. Ultrasound will reveal an absent uterus (Fig-
ure 12). Ovaries will be present but are commonly positioned
higher in the pelvis/lower abdomen and more laterally. The dis-
covery of an absent uterus presents a challenging and sensitive
situation in which sonographers’ and sonologists must be very
careful with their words. Distinguishing between uterine agene-
sis and uterine hypoplasia (Figure 13) can be very challenging
on a transabdominal scan, an MRI may be required for confir-
mation. As with any Mullerian anomaly, the scan should be
extended to include the kidneys.

Androgen insensitivity syndrome (AIS)
Androgen insensitivity syndrome is a rare genetic condition
carried on the X chromosome with an estimated incidence
of 1 in 20,000 to 1 in 99,000 genetic males.16 People with
AIS have a 46XY karyotype yet are phenotypically female
due to a resistance of androgens needed for foetal develop-
ment of male external genitalia and development of male
secondary sexual characteristics.16 Like MRKH, the typical
presentation is that of primary amenorrhoea in a pheno-
typic female adolescent. Ultrasound will reveal an absent
uterus, and all social sensitivities employed for MRKH
should be utilised in this group. If an absent uterus is the
only ultrasound finding, differentiating MRKH from AIS is
impossible.
It should be noted that those with AIS will have gonads as

they are genetically male. These may be located within the
abdomen, inguinal canal or labia (Figure 14). The prevalence of
AIS within phenotypic females presenting with inguinal hernias
is 0.8–2.4%.16 As such, those working with paediatric patients
should be aware of this possible finding.

Haematometra/haematocolpos (haemato(metro)colpos)
Haemato(metro)colpos is caused by obstruction of the
vagina, most commonly from an imperforate hymen or
vaginal septum. Whilst this can be seen from any age (in-
cluding foetal life), the most common presentation is seen
in adolescent females presenting with cyclical pain in the
absence of menarche. Sonographic examination will reveal a
distended vagina and/or uterus filled with fluid containing
low-level echoes (Figure 15). Appearances of the normal
pelvic anatomy can be greatly distorted making these exam-
inations challenging. Haematosalpinx may also be present
further distorting the appearance. This can be further com-
pounded by the presence of a congenital Mullerian anom-
aly. Referral for MRI may be needed if ultrasound cannot
completely characterise the anomaly. Although benign, if
left untreated, haemato(metro)colpos can lead to
endometriosis and reproductive compromise so timely treat-
ment is paramount.

Ultrasound is valuable in differentiating the more common
causes of haemato(metro)colpos such as an imperforate hymen
or transverse vaginal septum from the rare cases such as cervi-
cal dysgenesis. In cases of a transverse vaginal septum, careful
assessment for a uterus didelphys and other Mullerian duct
anomalies should be performed and the study should always be
extending to include the kidneys.

Endometriosis
Endometriosis affects up to 1 in 10 women.17 The incidence
in adolescence is unknown but it is believed to affect as
many a 25–38% of girls with pelvic pain18 with theories
existing that endometriosis may develop as early as the-
larche.19 As in adults, endometriosis tends to present as
cyclical pain with periods initially and may progress to pain
throughout the cycle. The clinical diagnosis of endometriosis

(a)

(b)

Figure 15: Haematocolpos in a 12-year-old girl with an imperforate
hymen. Note the distortion to the normal anatomy of the pelvis (a) due
to the large collection of blood within the vagina (b).
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is difficult in all women. Associated gastrointestinal pain is
common in adolescents further complicating the diagnosis.
The usefulness of ultrasound for detecting ovarian
endometriomas is well established. In recent years, the popu-
larity of ultrasound for deep infiltrating endometriosis (DIE)
has expanded rapidly and its usefulness well reported.20 Both
endometriomas and DIE are rare within the adolescent pop-
ulation. Most adolescents with endometriosis will have stage
I or stage II disease which is superficial and not appreciated
on ultrasound (even TVS).21 In a clinical audit of paediatric
and adolescent patients with ovarian masses, How et al.22

found only 1.1% had surgically confirmed endometriomas
whereas 5.4% were found to have an ovarian malignancy.
As such, caution should be taken when reporting endometri-
omas in this population particularly on transabdominal
ultrasound. Despite endometriosis being common in the
adolescent population, a majority will have a normal pelvic
ultrasound.

Polycystic ovarian syndrome
According to the international guideline published in 2018, ‘ul-
trasound should not be used for the diagnosis of PCOS in those
with a gynaecological age of <8 years (ie. <8 years after menar-
che), due to the high incidence of multifollicular ovaries in this
life stage’.23 As such, the use of the term polycystic ovaries in the
paediatric and adolescent population should be avoided. If the
criteria for PCOS are met (i.e. >20 follicles on one ovary seen on
TVS) the term ‘multifollicular’ ovaries should be used. It should
be noted, however, that although PCOS cannot be diagnosed
sonographically in adolescents, PCOS still affects this group.

Conclusion
This paper has outlined the unique nature of paediatric and ado-
lescent patients presenting for gynaecological ultrasounds. Clinical
presentations, scan techniques, ultrasound appearance and the
pathologies encountered differ from adult women. Additionally,
there is a social complexity involved unique to this group. Famil-
iarity with these nuances should make completion of a satisfac-
tory gynaecological ultrasound possible for all ultrasound users.
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