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Abstract

Non-contrast transperineal ultrasound is a valuable, non-invasive, and cost-effective imaging modality, particularly advanta-
geous in pediatric populations. This painless procedure has a robust safety profile due to the absence of ionizing radiation, the
lack of need for specialized equipment, and the avoidance of sedation. It can be performed as either an isolated examination
or an adjunct to transabdominal ultrasound. Despite these benefits, its clinical application remains underutilized and unfa-
miliar to many practitioners. This technique plays a crucial role in the diagnosis of various pediatric conditions, including
anorectal and genitourinary malformations (e.g., ectopic ureter, posterior urethral valves, Miillerian anomalies, and disorders
of sex development), neoplastic processes affecting the genitourinary and anorectal systems (e.g., labial, vaginal, and urethral
tumors), and perianal inflammatory diseases. This article provides a concise review of the embryological development of the
genitourinary and anorectal systems, a description of normal male and female pelvic anatomy visualized via transperineal
ultrasound, and an overview of the primary indications and associated findings of this technique in children.

Keywords Anorectal malformations - Child - Disorders of sex development - Perineal - Ultrasonography - Urogenital
abnormalities
Introduction

Non-contrast transperineal ultrasound is a safe, cost-effec-
tive, and dynamic imaging modality [1]. Although it is
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operator-dependent, experienced examiners can accurately
evaluate the genitourinary and anorectal regions. This tech-
nique utilizes conventional ultrasound transducers posi-
tioned on the perineum [2], allowing visualization of normal
anatomy and structural alterations in the anal canal, rectum,
and puborectalis muscle (posterior compartment); vagina
and uterus (central compartment); and urethra and urinary
bladder (anterior compartment) [1].

In pediatric radiology, non-contrast transperineal ultra-
sound has distinct advantages due to its non-invasive nature,
which eliminates the need for sedation, specialized equip-
ment, and ionizing radiation. It is a valuable diagnostic
tool for assessing various conditions, including anorectal
and genitourinary malformations (e.g., ectopic ureter, uret-
erocele, posterior urethral valve, Miillerian anomalies, and
disorders of sex development), genitourinary and anorectal
neoplasms (e.g., labial, vaginal, and urethral tumors), and
perianal inflammatory processes [3].
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This paper reviews the embryological development of the
anorectal region and lower genitourinary system, describes
the transperineal ultrasound technique in pediatric patients,
delineates the normal male and female pelvic anatomy visu-
alized using this modality, and illustrates the characteristic
imaging features of key congenital malformations, disorders
of sex development, neoplasms, and inflammatory diseases
affecting this region (Online Resource 1).

Summary of embryology
Anorectal region

The primitive gut is divided into the foregut, midgut, and
hindgut. The hindgut forms the distal transverse colon,
descending colon, sigmoid colon, rectum, and superior por-
tion of the anal canal [4]. The hindgut contacts the super-
ficial ectoderm, forming the cloacal membrane, which
appears in the fifth week as a bilayered structure composed
of apposed endodermal and ectodermal components [4]. A
ventral diverticulum, the allantois, also arises from the hind-
gut. The junction of the allantois and the hindgut constitutes
the cloacal region.

During the third week, the urorectal septum descends,
reaching the cloacal membrane by the seventh week.
Simultaneously, lateral folds of the urorectal septum

Buccopharyngeal membrane

Urogenital

Distal third of the transverse colon sinus

Descending colon

Sigmoid colon

Rectum

Upper part of the anal canal
Epithelium of the bladder and most
of the urethra

Cloaca

Fig.1 Diagram of the embryological development during the fifth
week of gestational age. The primitive gut is divided into the fore-
gut, midgut, and hindgut. The midgut is temporarily attached to the
yolk sac. The diagram also summarizes the structures derived from
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extend medially, fusing in the midline. This process parti-
tions the cloaca into the urogenital sinus (ventrally) and
the hindgut (dorsally) (Fig. 1) [4]. The cloacal membrane
ruptures around the seventh week, creating a ventral open-
ing for the urogenital sinus and a dorsal opening, the proc-
todeum, for the hindgut [5]. The distal tip of the urorectal
septum, situated between these two openings, forms the
perineal body.

The proximal anal canal is derived from the hindgut
endoderm, while the distal third originates from the ecto-
derm surrounding the proctodeum [6].

Genitourinary system
Bladder and ureters

The urogenital sinus has three regions: vesical (bladder),
pelvic, and phallic. The vesical portion initially connects
with the allantois and later forms the urachus, which per-
sists as the median umbilical ligament. The pelvic por-
tion develops into the female urethra and the prostatic
and membranous segments of the male urethra. The
phallic (inferior) portion of the urogenital sinus extends
toward the genital tubercle. The ureters arise from the
metanephric diverticulum, an evagination of the mesone-
phric ducts near their cloacal insertion [6].

Pharynx

Esophagus

Respiratory diverticulum
Liver, biliary ducts and
pancreas

Stomach

Duodenum (proximal do
the biliary duct)

FOREGUT

Duodenum (distal to the biliary duct)
Jejunum

lleum

Cecum and appendix

Ascending colon

Proximal two-thirds of the transverse
colon

Urorectal
septum

each part of the primitive gut. Note how the hindgut connects to the
cloaca and how the urorectal septum separates the hindgut (dorsally)
from the urogenital sinus (ventrally). IMA, inferior mesenteric artery;
SMA, superior mesenteric artery
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Penis and scrotum

Testosterone from Leydig cells in the testes stimulates
the mesonephric (Wolffian) ducts, whereas anti-Miillerian
hormone from Sertoli cells induces regression of the para-
mesonephric (Miillerian) ducts. The enzyme Sa-reductase
converts testosterone to its active form, dihydrotestoster-
one, which promotes the development of male external
genitalia, including the penis and scrotum [7].

Initially, the external genitalia are undifferentiated; by
the fifth week, mesenchymal cells migrate to the perineal
region, forming the cloacal folds, which fuse to create
the genital tubercle, the precursor to either the clitoris
or penis. Following genital tubercle formation, the uro-
genital and labioscrotal folds develop lateral to the cloa-
cal membrane. These developmental stages are identical
in both male and female fetuses until approximately the
ninth week of gestation [8]. After the ninth week, under
the influence of dihydrotestosterone, the genital tubercle
elongates and undergoes sexual differentiation, resulting
in penis formation.

A solid urethral plate forms on the ventral surface
of the developing penis. This plate canalizes, forming
a groove on the surface of the genital tubercle bordered
by the urethral folds. Subsequent fusion of the urethral
folds along the midline converts the urethral groove into
a closed penile urethra. The site of ectodermal fusion is
marked by the penile raphe. The scrotum arises from the
fusion of the labioscrotal folds at the midline. This fusion
site is later delineated by the scrotal raphe [6].

Vagina

In the absence of anti-Miillerian hormone and under the
influence of estrogen, the Miillerian ducts develop into
the fallopian tubes, uterus, cervix, and upper third of the
vagina. The point of contact between the Miillerian ducts
and the urogenital sinus gives rise to the sinus tubercle.
Two evaginations, the sinovaginal bulbs, emerge from
the sinus tubercle and subsequently form the vaginal
plate. Canalization of the vagina is completed by the
fifth month of gestation. Therefore, the vagina has a dual
embryonic origin: the upper third originates from the
Miillerian ducts, while the lower two-thirds come from
the urogenital sinus.

At term, the vagina remains separated from the uro-
genital sinus by the hymen, a membrane formed by the
invagination of the posterior wall of the urogenital sinus
and the caudal extension of the upper vaginal segment,
which typically develops an opening during the perinatal
period [6].

Transperineal ultrasound technique
and normal anatomy

Pediatric patients are typically placed in a supine posi-
tion with hip abduction without specific prior preparation
[3]. Older children may be placed in a modified lithotomy
position to facilitate leg positioning. A high-frequency
(typically 7-12 MHz) linear array transducer, coupled with
ample ultrasound gel to minimize air artifacts, is initially
positioned longitudinally in the midline of the perineum,
aligning with the pubic symphysis and rectum [2]. In older
children, a lower frequency convex transducer (5-7 MHz)
may be required to visualize deeper structures.

The examiner manipulates the transducer as needed,
acquiring images primarily in the sagittal plane. A thin
plastic sheath with gel applied to the transducer face may
be utilized [9]. Evaluation during voiding is essential when
urethral obstruction or other urethral pathologies are sus-
pected. In younger children unable to void voluntarily,
downward pressure on the lower abdomen (Credé maneu-
ver) can be employed to propel urine from the bladder and
distend the urethra if obstruction is suspected [2]. Older
children with suspected urethral obstruction are usually
able to void on command [9].

In the midsagittal plane, the pubic symphysis and pos-
terior urethra are visualized in the same image. In male
patients, the transducer is positioned inferior to the scro-
tum. In healthy male patients, the entire urethra, corpora cav-
ernosa, anterior rectal wall, and bladder base are typically
encompassed within the field of view [2, 9]. The urethra
and rectum exhibit hypoechoic walls, with an anechoic fluid
stripe and hyperechoic submucosa. Intraluminal air appears
as echogenic foci. In female patients, the vagina is addi-
tionally visualized between the rectum and bladder (Fig. 2).
Careful attention must be paid to the pressure exerted by the
transducer on the perineum, as excessive pressure can distort
the male urethra, in boys, and induce artificial urinary reflux
into the female vagina, in girls. The anterior segments of the
internal and external anal sphincter muscles are also discern-
ible in the sagittal plane as hypoechoic bands surrounding
the anal canal [10]. Often, this midsagittal plane is sufficient
for diagnosis. Slight lateral angulation of the transducer can
be performed as needed [9]. Coronal plane images are also
obtained as necessary.

Anorectal malformations
Patients with anorectal malformations frequently pre-

sent with an imperforate or ectopically positioned anus.
The distal rectum may terminate blindly or as a fistula
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Fig.2 Transperineal ultrasound technique and normal anatomy. a
Diagram demonstrating patient and transducer positioning in girls.
The child is placed in a supine position, with hip abduction (frog leg
position). The transducer is initially positioned longitudinally in the
midline, on the perineum, aligning with the pubic symphysis and the
rectum. b Diagram of the normal female anatomy in the midsagittal
plane of the perineum. ¢ Normal anatomy detected through transper-
ineal ultrasound of an 8-month-old girl. d Diagram demonstrating

communicating with various structures, including the uri-
nary tract, genital tract, or perineum. Up to 70% of affected
individuals exhibit other associated congenital anomalies,
particularly within the urogenital, cardiovascular, and/or
musculoskeletal systems [11-13]. VACTERL (vertebral,
anal, cardiac, tracheoesophageal, renal, and limb) asso-
ciation is observed in 56% of fully screened patients with
anorectal malformations, especially those with cloaca and
recto-vaginal fistula [13].

Transperineal ultrasound is more sensitive than suprapu-
bic ultrasound in the detection of perianal fistulas. The
Abdominal Imaging Task Force of the European Society of
Paediatric Radiology recommends chest, spinal, and abdom-
inal radiographs, alongside abdominal and spinal ultrasound
in patients with anorectal malformations (syndromic patients
should also undergo brain ultrasound and echocardiogra-
phy) in the first 3 days of life. This task force also recom-
mends a transperineal ultrasound as early as possible, prior
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patient and transducer positioning in boys. e Diagram of the normal
male anatomy in the midsagittal plane of the perineum. f Normal
anatomy detected through transperineal ultrasound of a 6-month-
old boy. AC, anal canal; B, bladder; BU, bulbar urethra; PENILE U,
penile urethra; PU, prostatic urethra; R, rectum; S, pubic symphysis;
U, urethra; V, vagina. Also note the external sphincter (thin arrows in
¢ and f) and internal sphincter (dashed arrows in ¢ and f)

to surgery, but after the first day of life, due to the risk of
incorrectly estimating the recto-perineal distance [12].

Anorectal malformations are categorized as low (rectal
pouch inferior to the puborectal sling), intermediate (rectal
pouch at the level of the puborectal sling), or high (rectal
pouch superior to the puborectal sling) [14]. Transperineal
ultrasound can localize the distal rectal pouch and delineate
any fistulas. Providing the distance between the rectal pouch
and the perineal skin at the anal dimple, in the midsagittal
plane, with limited pressure on the perineum, to avoid false
distance measurements, is of utmost importance. However,
this measurement has limitations due to overlap between
high and low types [15-19]. Several studies have proposed
different cutoff distances, likely related to variations in rectal
pouch distension, transducer pressure on the perineum, and
patient age at examination [19].

Anorectal malformations can also be classified according
to the type of internal fistula. According to the Wingspread
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classification, recto-prostatic urethral (Fig. 3) and recto-
vaginal fistulas are observed in high-type malformations;
recto-bulbar urethral, recto-vestibular, and recto-vaginal
fistulas in intermediate types; and ano-cutaneous and ano-
vestibular fistulas in low types. The Krickenbeck classifi-
cation describes recto-perineal or recto-vestibular fistulas
(Fig. 4) as low-type, and recto-bulbar urethral, recto-pro-
static urethral, or recto-vesical fistulas as intermediate and
high types [11]. High-type malformations may also involve
cloacal malformations, complex disorders characterized by
a single external perineal opening with a short (<3 cm) or
long (>3 cm) common channel shared by the genital, uri-
nary, and digestive systems (Fig. 5). It is important to keep
in mind that the cloaca is a transient organ that exists during

normal embryonic development, but is a congenital malfor-
mation if present at birth.

Sagittal plane images through the anal dimple can
delineate internal rectal fistulas, visualized as hypoechoic
linear tracts that sometimes contain linear echogenic foci
[20]. This method has better sensitivity for detecting high-
type fistulas because low-type fistulous tracts are usually
shallow and short. However, the lower detection rate of
low-type fistulas is of limited clinical significance, as ano-
vestibular and ano-cutaneous fistulas are typically readily
apparent on physical examination. Transperineal ultra-
sound offers diagnostic information comparable to distal
colostograms in the preoperative assessment of anorectal
malformations with associated fistulas [21].

Fig.3 Anorectal malformation with recto-prostatic urethral fistula,
in a 2-month-old boy. a Longitudinal transperineal ultrasound image
demonstrates a rectal pouch (white arrow), whose distance from the
perineal skin is 1.8 cm, associated with recto-prostatic urethral fis-
tula (between the double arrowheads). b, ¢, d Dynamic distal colos-
togram images in the lateral projection confirm the presence of the
rectal pouch (thick arrows in b and ¢) with a similar distance from the

Fig.4 Anorectal malformation
with recto-vestibular fistula in
a 1-month-old girl. a Longitu-
dinal transperineal ultrasound
image demonstrates a rectal
pouch, seen as a hypoechoic
tubular structure, which ends in

URETHRA

VAGINA

a blind pouch, associated with a -

recto-vestibular fistula (F), seen
as a hypoechoic tract between
the rectal pouch and the vagina
(arrows). b Photograph of the
patient’s vulva shows fecal dis-
charge through the vagina, due
to the recto-vestibular fistula.

F, fistula

perineum, compared to the distance measured through transperineal
ultrasound (anal dimple marked by contrast in the perineum — dashed
arrows in b, ¢, and d), associated with recto-prostatic urethral fistula
(thin arrow in b) and bladder opacification. Also note the associated
bilateral vesicoureteral reflux, better demonstrated during voiding (d).
B, bladder; R, rectum

RECTAL POUCH
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Fig.5 Anorectal malformation with cloacal malformation in a
1-month-old girl. a Longitudinal transperineal ultrasound image dem-
onstrates a rectal pouch (arrow), with rectal, vaginal, and urinary
drainage canals merging into a common channel, which measures 1.8
cm (between calipers). b Longitudinal transperineal ultrasound image

Genitourinary malformations
Miillerian anomalies

Transperineal ultrasound is invaluable in female neonates
due to their small size and the prominent uterus, cervix,
and vaginal mucosa resulting from maternal hormonal influ-
ence. It effectively demonstrates hydrocolpos and hema-
tocolpos, measures vaginal septa thickness, and assesses
the distance of the septum to the vaginal vestibule [3, 22].
Vaginal septa, resulting from vaginal fusion defects, can be
either transverse or longitudinal and consist of a fibrous con-
nective tissue membrane containing vascular and muscular
components. It appears as tissue extending from the cau-
dal aspect of the distended vagina to the perineum. Trans-
perineal ultrasound aids in defining both the location and
thickness of an obstructive transverse vaginal septum [23].
While transabdominal ultrasound can detect hydrocolpos or
hydrometrocolpos, it struggles with assessing the thickness
of the caudally located obstructive vaginal septum, which is
crucial for surgical reconstruction [22]. Transverse vaginal
septa can occur at any point along the vagina, although they
are most frequently observed at the junction of the upper and
middle thirds (the junction of the tissues derived from the
Miillerian ducts, with the urogenital sinus) [24].
Distinguishing a transverse vaginal septum from an
imperforate hymen using ultrasound alone can be difficult, or
even impossible, particularly when the septum is distended
by hydrocolpos or hematocolpos (Fig. 6). Clinically, these
two conditions should be distinguished, even though an
imperforate hymen, which is not a Miillerian anomaly, may

@ Springer

shows the bladder and urethra in yellow, vagina in red, and rectum in
blue, all draining into a common channel that measures 1.8 cm, with
a single perineal orifice. ¢ Distal colostogram image in the lateral
projection confirms the presence of the common channel (arrow). Bx,
bladder; R, rectum; U, urethra; V, vagina

mimic a low transverse septum, a true Miillerian anomaly
[24]. An imperforate hymen manifests as a bulging, thin,
bluish membrane that allows transillumination, while a
transverse vaginal septum typically presents with a normal
clinical examination when the septum is located in the mid-
dle or upper vagina. However, when the septum is visible in
the vulva, it is usually thick and pink, not allowing transil-
lumination [25].

Transperineal ultrasound has limited utility in evaluating
patients with Miillerian agenesis, cervical agenesis, unicor-
nuate uterus, uterus didelphys, bicornuate uterus, septate
uterus, and complex Miillerian anomalies [26].

Lower vaginal atresia

Vaginal atresia, a failure of vaginal canalization, is not a
Miillerian anomaly, but a defect in the recanalization of
the urogenital sinus. Transperineal ultrasound can visual-
ize hydrocolpos and hematocolpos, as well as the extent of
the atretic vaginal segment. In vaginal atresia, ultrasound
reveals a linear hypoechoic channel in the distal vagina,
characterized by the absence of the central echogenic linear
echo normally representing the vaginal lumen (Fig. 7) [27].
Transperineal ultrasound allows for the measurement of the
distance from the vaginal pouch to the perineum, using mini-
mal pressure to avoid image distortion. If the subcutaneous
fat exhibits a different echogenicity, it should be measured
separately from the more hypoechoic fibromuscular tissue,
with both measurements documented [22].
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Fig.6 Imperforate hymen in a
9-year-old girl. a Longitudinal
transperineal ultrasound image
demonstrates hematocolpos,
manifesting as fluid with
low-level echoes distending
the vagina (thin arrows) and a
normal urethra (thick arrows).
b Photograph of the patient’s
vulva shows the imperforate
hymen protruding from the
vagina

Fig.7 Lower vaginal atresia, in a 9-year-old girl. a Transverse
transabdominal ultrasound image demonstrates a normal uterine cer-
vix (thin arrow) and hematocolpos (thick arrows); however, the cause
of the hematocolpos is not identifiable. b Longitudinal transperineal

Posterior urethral valves

Posterior urethral valves are characterized by a congeni-
tal, thin, valve-like tissue of Wolffian duct origin. This
membranous structure extends obliquely from the veru-
montanum to the distal portion of the prostatic urethra
[28]. While voiding cystourethrography remains the gold
standard for diagnosis, transperineal ultrasound is uniquely
capable of visualizing the valve itself, assessing its appear-
ance, and evaluating associated distension of the posterior
urethra, bladder, and ureters. Ultrasound typically reveals
a thickened bladder wall and a dilated, elongated posterior
urethra. Visualization of an echogenic valve within the
anechoic urine of the dilated posterior urethra can aid in
distinguishing posterior urethral valves from other causes
of posterior urethral dilation (Fig. 8 and Online Resource

ultrasound image shows the vagina with a blind end, separated from
the transducer in the perineum by a thick rim of tissue (arrow), con-
sistent with vaginal atresia. R, rectum. V, vagina

2) [29], even without the use of contrast-enhanced voiding
ultrasound.

Good et al. [30] reported that patients with posterior
urethral valve-induced urinary obstruction exhibited a pos-
terior urethral diameter ranging from 0-20 mm (median,
4.5 mm) pre-voiding and 7-20 mm (median, 10 mm)
during voiding. Bladder wall thickness ranged from 3 to
7.6 mm (median, 6 mm). In their study, the posterior ure-
thral valve was clearly identified as a hyperechoic linear
structure within the dilated posterior urethra using trans-
perineal ultrasound. Hypertrophy and trabeculation of the
bladder neck musculature may also be observed. Abdomi-
nal ultrasound is indicated in patients with posterior ure-
thral valves to evaluate urinary tract dilation (Fig. 9), renal
parenchymal dysplasia, and, in cases of forniceal rupture
secondary to obstruction, ascites or urinoma [29].
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Fig.8 Posterior urethral valves
in a 6-month-old boy. a Longi-
tudinal transperineal ultrasound
image shows a dilated posterior
urethra (U) with an echogenic
valve (arrow) surrounded by
anechoic urine. Also note the
thick-walled bladder. b Voiding
cystourethrography of the same
patient confirms the presence
of a dilated posterior urethra,
due to posterior urethral valves
(arrow), with no vesicoureteral
reflux. Please refer to the
companion Online Resource 2
for additional imaging regarding
this case

BLADDER

Fig.9 Posterior urethral valves
in a 1-year-old boy. a Longitu-
dinal transperineal ultrasound
image shows a dilated posterior
urethra (U) associated with an
echogenic valve (thick arrow)
surrounded by anechoic urine.
Also note the thick-walled
bladder (thin arrows). b Voiding
cystourethrography of the same
patient confirms the dilated pos-
terior urethra due to posterior
urethral valves (arrow), associ-
ated with grade V bilateral
vesicoureteral reflux. R, rectum;
U, posterior urethra

Anterior urethral valve

Anterior urethral valve is a rare congenital anomaly that
results in lower urinary tract obstruction. It may occur
as an isolated finding or in conjunction with a diverticu-
lum, potentially representing a spectrum of disease [28].
This valve can be located anywhere along the anterior
urethra, including the bulbar, penoscrotal junction, and
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penile urethra [31]. Although voiding cystourethrography
remains the preferred diagnostic imaging modality, it has
been successfully diagnosed using ultrasound with the
transducer positioned on the ventral midline of the penis.
Ultrasound can demonstrate dilation of the distal urethra
caused by a discrete, linear, heterogeneous band traversing
the anterior urethra, best visualized during voiding [32].
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Urethral diverticulum

Anterior urethral diverticula, while uncommon, represent the
second most frequent cause of congenital urethral obstruc-
tion in male children. It typically arises on the ventral aspect
of the penile urethra due to localized incomplete develop-
ment of the corpus spongiosum or incomplete fusion of the
urethral plate. A urethral diverticulum can exert pressure on
the urethral wall, creating a valve-like obstruction within the
anterior urethra [28]. Although voiding cystourethrography
is the conventional imaging modality for diagnosis, transper-
ineal ultrasound can contribute valuable diagnostic informa-
tion [2, 33]. Urethral diverticula appear as fluid-filled lesions
adjacent to the urethra [2]. Distension of the urethra during
voiding can facilitate identification of the diverticulum’s
connection.

Syringocele, analogous to urethral diverticula, is charac-
terized by cystic dilation of the Cowper gland duct in male
patients. Ultrasound can visualize a non-compressible, fluid-
filled, tubular mass posterior to the bulbous urethra in the
region of the bulbourethral glands [34].

Ectopic ureter

Transperineal ultrasound can visualize ectopic ureteral
insertions, including those within the urethra and vagina
[3, 33, 35]. In cases of duplicated collecting systems, the
Weigert-Meyer rule should be considered: the upper pole
ureter inserts medially and inferiorly to the lower pole ure-
ter, which typically inserts orthotopically. Upper pole ure-
ters frequently terminate in a ureterocele, while lower pole
ureters are commonly associated with vesicoureteral reflux.

URETER

Fig. 10 Ectopic insertion of the left ureter in the vagina of a 5-year-
old girl, presenting with urinary dribbling. a Longitudinal trans-
perineal ultrasound image shows the ectopic insertion (arrows) of
the ureter into the vagina (V). b Coronal and (c¢) axial T2-weighted

Ectopic insertion of an ureter into the vagina, or distal to
the bladder sphincter, can explain urinary dribbling in girls
(Figs. 10 and 11; and Online Resource 3) [36]. Transper-
ineal ultrasound can also detect ectopically inserted ureters
in patients with non-duplicated collecting systems [3].

Disorders of sex development

Disorders of sex development (DSDs) refer to congenital
conditions characterized by inconsistencies in chromosomal,
gonadal, or anatomical sex development, often resulting in
ambiguous genitalia and atypical genital or gonadal struc-
tures [37]. Ultrasound is typically the first imaging modal-
ity employed to assess children with DSDs [38], and both
transabdominal and transperineal techniques are recom-
mended for comprehensive evaluation [39].

Transabdominal ultrasound evaluates the presence, size,
and morphology of the uterus; the presence and distension
of the vagina; the location (abdominal, inguinal, or labial),
size, and morphology (ovarian, testicular, or undetermined)
of the gonads; and the size and echogenicity of the adre-
nal glands (enlargement, cerebriform or small size, loss of
corticomedullary differentiation, or hyperechoic) (Fig. 12).
Evaluation of the urinary tract, liver, biliary tree, spleen, and
pancreas is also recommended [40].

Transperineal ultrasound can delineate the number of
perineal orifices (urethral, vaginal, and rectal), assess the
length of the vagina (normal or distended), and evaluate
the uterus (presence, absence, normal neonatal volume,
or hypoplasia) (Fig. 13) [2]. During the neonatal period,
the uterus is typically prominent, exhibiting a pear-shaped

magnetic resonance images demonstrate the ectopic insertion of the
superior pole ureter (arrows in b and ¢) into the vagina. R, rectum; V,
vagina
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Fig.11 A 7-month-old girl presents with urinary dribbling due to
left ectopic ureteral insertion in the bladder neck. a Longitudinal
transperineal ultrasound image shows ectopic insertion of the ureter
(arrow) into the bladder neck. b Longitudinal ultrasound image of the
left kidney shows a duplex configuration of the left kidney with upper

uretra

] < canal vag

“< vagina

Fig.12 A 2-day-old neonate with ambiguous genitalia, without pal-
pable gonads. The urethral meatus is at the base of the phallus. a
Photograph of the patient’s genitalia. b Longitudinal, transabdomi-
nal ultrasound image demonstrates a uterus (arrows). ¢, d Transverse
transabdominal ultrasound images show the right (arrow in ¢) and
left (arrow in d) ovaries. e, f Longitudinal transperineal ultrasound
images demonstrate the vaginal canal (dashed white line in f) and

appearance with a relatively large cervix and thinner body
due to maternal hormonal stimulation [41]. The hyperechoic
endometrial stripe may be visualized [2]. When visualized,
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pole pelvicaliectasis. ¢ Frontal voiding cystourethrography image
reveals the impression (arrow) of the ectopic insertion of the left ure-
ter into the bladder neck. R, rectum; U, urethra; V, vagina. Please see
the companion Online Resource 3 for additional imaging regarding
this case
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\
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urethra (continuous white line in f) converging into a single perineal
orifice, without evidence of an urogenital sinus (Prader Classification
III). g, h Longitudinal ultrasound images of the right and left suprare-
nal regions show bilateral adrenal gland enlargement (arrows in g and
h) with a cerebriform appearance, characteristic of congenital hyper-
plasia. Final diagnosis was 46,XX disorder of sex development, due
to congenital adrenal hyperplasia

the uterus should be measured in the midsagittal plane
(typically 3-3.5.5 cm in normal female newborns). The
cervix-to-fundus ratio changes as maternal hormones wane.
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Fig. 13 Disorder of sex development. A 10-year-old patient, with
a female phenotype, presented with thelarche. a Longitudinal trans-
perineal ultrasound image demonstrates urethra (U), lower vagina
(V) and rectum (R). b Transabdominal ultrasound did not show
uterus and demonstrates an undetermined gonad, with no typical fea-
tures of ovaries or testes, in the left iliac fossa (arrows). ¢ Sagittal
T2-weighted MR image shows no uterus in the expected location. d

In the absence of hormonal stimulation, the uterus assumes
a tubular shape [40]. Neonatal ovaries are relatively large,
containing numerous small follicles due to maternal-fetal
hormonal influence; these follicles gradually disappear [2,
41]. The presence of a normal uterus generally indicates the
presence of at least the upper portion of the vagina. How-
ever, given the distinct embryological origins of the lower
vagina, it may exist independently of the uterus. Transper-
ineal ultrasound can readily access and measure the distal
third of the vaginal canal in such cases, providing crucial
information for therapeutic decisions. Vaginal distension
may be associated with genital malformations, urogenital
sinus abnormalities, virilization, or vagina-urethral fistulas.
Transperineal ultrasound can also identify and measure the
length of the urogenital sinus and cloacal malformations [2].

Normal neonatal testes are ovoid in shape, isoechoic to
hyperechoic, with a central hyperechoic mediastinum. While
previous studies reported lower sensitivity for ultrasound
in detecting non-palpable scrotal testes [42], experienced
examiners can now typically identify nearly all non-palpable
testes within the scrotum using ultrasound.

» o

e A8

8A DA

Axial T1-weighted MR image shows an ovoid shaped structure (solid
arrow) and a solid tubular structure (dashed arrow) in the left iliac
fossa, that could represent an undetermined gonad and a Miillerian
remnant, respectively. e Karyotype was 46,XY (circle). Serum tes-
tosterone was high. The final diagnosis was 46,XY complete gonadal
dysgenesis. R, rectum; U, urethra; V, vagina

When transperineal ultrasound reveals missing or super-
numerary perineal openings, the presence and location of
gonads (iliac fossae for ovaries, scrotum for testes, or ectopic
locations such as the abdominal cavity, inguinal canals, and
labial folds) should be investigated [31, 41]. Gonadal echo-
texture should be characterized as ovarian, testicular, or
undetermined. In some cases, both ovarian and testicular
tissues may coexist. An ovotestis may present as a struc-
ture combining testicular echotexture with follicles. Streak
gonads are often difficult to visualize and characterize using
any imaging technique, including ultrasound and magnetic
resonance imaging [43].

Pelvic neoplasms

Although transperineal ultrasound has the potential to detect
pelvic tumors, published reports on its use are limited. To
the best of our knowledge, only one study has reported
the transperineal ultrasound findings of a botryoid vaginal
rhabdomyosarcoma, presenting with vaginal bleeding and
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Fig. 14 Vaginal botryoid rhab-
domyosarcoma, in a 2-year-old
girl. a Longitudinal trans-
perineal ultrasound shows an
expansive hyperechoic lesion in
the vagina (arrows). b Sagittal
T2-weighted MR image also
shows a hyperintense lesion

in the vagina (arrow). Histo-
pathological analysis confirmed
vaginal botryoid rhabdomyosar-
coma. ¢ Longitudinal trans-
perineal follow-up ultrasound
image during chemotherapy
demonstrates lesion size reduc-
tion (between calipers). d
Longitudinal transperineal
ultrasound image after comple-
tion of chemotherapy shows

no evidence of residual tumor.
The arrow in (d) demonstrates
the original tumor site, without
lesion

L

localized to the anterior vaginal wall [3], which allowed for
measurement of the tumor’s dimensions and its distance
from the perineal surface. This technique may also offer a
means of evaluating the therapeutic response, although it
is crucial to emphasize that comprehensive tumor staging
should be performed using computed tomography or, prefer-
ably, pelvic magnetic resonance imaging (Fig. 14).

Inflammatory conditions

Transperineal ultrasound has a high sensitivity for detect-
ing perianal inflammatory changes, including fistulas and
abscesses. Abscesses appear as hypoechoic collections, while
fistulous tracts, including their internal openings within the
anus or rectum, can also be visualized (Fig. 15). Adding

Fig. 15 Perianal fistula with perineal abscess, in a 1l-year-old boy
who presented with fever and perianal pain. Longitudinal (a) and
axial (b) transperineal ultrasound reveals a perianal fistula, manifest-
ing as a hypoechoic path (thin arrows in a and b), associated with a

@ Springer

hypoechoic collection, due to an abscess (thick arrows in a and b).
¢ Photograph of the patient’s perineum demonstrates inflammatory
changes in the left perianal region
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color Doppler can enhance diagnostic confidence by showing
hypervascularity at the periphery of perianal lesions, indicat-
ing inflammation [44].

Retained vaginal foreign bodies can lead to fistula and
abscess formation, and, in rare cases, even tumors such
as uterine carcinosarcoma [45]. Transperineal ultrasound
excels in visualizing the lower vagina, with 100% accu-
racy for detecting vaginal foreign bodies larger than 5 mm
[45]. In the experience of Yang et al., vaginal foreign
bodies typically exhibit hyperechogenicity compared to
adjacent tissues. Glass and metal objects appear brightly
hyperechoic with comet tail artifacts. Plastic, cotton, and
wood objects are also hyperechoic, generally accompanied
by acoustic shadowing (Fig. 16). Toilet paper fragments
larger than 5 mm are hyperechoic without acoustic shad-
owing, whereas smaller pieces manifest as multiple tiny
hyperechoic dots without shadowing. Combining transper-
ineal and transabdominal ultrasound further increases the
sensitivity of this technique for detecting vaginal foreign
bodies [45].

PN
Py .
-

> Vv X
&gﬁ “—foreign body

Fig. 16 Intravaginal foreign body in a 5-year-old girl. Longitudinal
transperineal ultrasound demonstrates a hyperechoic structure, with
posterior acoustic shadowing within the vagina (V) consistent with a
foreign body (arrow), due to cotton, which was probably inserted by
the child during hygiene. U, urethra; V, vagina

Fig. 17 Anterior urethral calcu-
lus in a 4-year-old boy, present-
ing with dysuria and strangury
for 2 months. a, b Longitudinal
transabdominal ultrasound
images of the left (a) and right
(b) kidneys show bilateral
hydronephrosis, left greater than
right. ¢ Transverse transabdomi-

nal ultrasound image shows e
significant, circumferential i
bladder wall thickening. There LEFT KIDNEY
is associated bilateral ureteral
dilation, left (thin arrow)
greater than right (thick arrow).
d Transperineal ultrasound in
the midsagittal plane reveals an
impacted calculus (arrow) in
the anterior penile urethra

- —

ANTERIOR URETHRA
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Urethral calculi

Urethral calculi are rare in children and typically result in
acute urinary retention. Ultrasound features of urolithiasis
include a hyperechoic structure within the urinary system,
with or without posterior acoustic shadowing, depending
on calculus size (Fig. 17). Comprehensive evaluation
of the kidneys, ureters, and bladder is crucial because
of potential complications, such as hydronephrosis and
bladder wall thickening, given the frequent association of
urethral calculi with calculi in other urinary tract loca-
tions [46].

Conclusion

Non-contrast transperineal ultrasound is an underutilized
imaging modality, unfamiliar to many pediatricians. It
offers significant clinical utility in the evaluation of a
broad spectrum of pediatric conditions, including ano-
rectal and genitourinary congenital malformations, dis-
orders of sex development, pelvic tumors, inflammatory
processes, and other related conditions.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00247-025-06432-x.
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