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Preface

Imaging currently plays a limited role in the clinical investigation of pelvic
floor disorders. The most promising modality to date has been magnetic
resonance imaging. But MRI has limitations due to cost and access.
Ultrasonography, on the other hand, is part of general practice in obstetrics
and gynecology, urology, and colorectal surgery. Translabial or transperineal
ultrasound imaging was popularized by extensive publications by H.P. Dietz.
“The Atlas of Pelvic Floor Ultrasound” published in 2007 introduced trans-
perineal modality to a larger audience. Endoanal imaging of the anorectal
area has been the gold standard in colorectal surgery for the past 20 years.
“Benign Anorectal Diseases” by Giulio Santoro, M.D. in 2006 is perhaps
one of the better books on the subject of endoanal imaging. 3D Endovaginal
pelvic floor imaging is gaining in popularity [1-4]; however, it is limited by
the fact that true dynamic imaging is hindered by the presence of vaginal or
anal transducer. It is generally agreed that different ultrasound routes visual-
ize different structures better, but because the pelvic floor functions as a unit,
a multicompartmental approach may be preferred [3]. A book that has
addressed all three modalities has been “Pelvic Floor Disorders” by Giulio
Santoro, M.D. However, there is a need for a more focused book that purely
describes complimentary use of transperineal, endovaginal, and endoanal
ultrasound imaging.

The current book “Practical Pelvic Floor Ultrasonography” is the most
up-to-date, state-of-the-art review of current literature which provides an
introduction to pelvic floor imaging as well as a resource to be used during
initial and more advanced practice.

The book stresses understanding of pelvic floor anatomy [5, 6], as without
a thorough understanding of the anatomy, the sonographer will be at a loss
what they are visualizing. To assure that there is no doubt about the identity
of the structures visualized, our group pioneered 3D endovaginal imaging of
the pelvic floor structures in 2006 and published the results in early 2009 [7, 8].
We have collaborated with researchers across the world [3, 8] to refine the
techniques. We have conducted annual workshops at the International
Continence Society (ICS) and the International Urogynecological Association
(IUGA) to disseminate our knowledge of comprehensive pelvic floor ultraso-
nography to international physicians. We have coached interested researchers
and as such, currently, there is an explosion of manuscripts submitted utiliz-
ing comprehensive approach.
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Ultrasound techniques are minimally invasive and easily available for
pelvic floor imaging. Recent developments such as 3D/4D imaging have
increased their competitiveness. By the end of this book we hope the reader
gains competence in performing transperineal, endovaginal, and endoanal
3D/4D ultrasound evaluation of the pelvic floor including anal sphincter and
levator ani complex. After reading this book, the reader should have a basic
understanding of how to perform a transperineal, an endovaginal, and an
endoanal pelvic floor ultrasound.

Dramatic improvement in 3D and 4D ultrasound imaging has allowed
greater insight into the complex anatomy of the pelvic floor and its pathologi-
cal modifications. Obstetric events leading to fecal and urinary incontinence
in women, the development of pelvic organ prolapse, and the mechanism of
voiding dysfunction and obstructed defecation can now be accurately
assessed, which is essential for appropriate treatment decision making.

Obstetrical events leading to pelvic floor disorders in females, the relation-
ship between periurethral structures, levator ani muscles and anorectal sup-
port, and mechanisms of urinary incontinence, fecal incontinence, pelvic
organ prolapse, and obstructed defecation syndrome can now be easily evalu-
ated. Due to improvements in the diagnosis of these disorders, new forms of
treatments have been developed with better outcome for patients. New 3D/4D
transperineal, 3D endoanal, and 3D endovaginal ultrasonographic and mag-
netic resonance imaging techniques have given better insight into the com-
plex anatomy of the pelvic floor. Ultrasound has replaced other modalities as
the main imaging modality for the diagnosis of pelvic floor disorders in
women. 3D/4D transperineal imaging, 3D endovaginal imaging, and 3D
endoanal imaging are each well established as individual modalities for visu-
alization of pelvic floor. Since pelvic floor structures function as a unit there
is consensus that 3D/4D transperineal imaging can give the most valuable
data for overall functional imaging of the pelvic floor while 3D endovaginal
and 3D endoanal imaging can provide the most information on the static
structural integrity of the muscles. Information obtained from two or more of
these modalities can provide additive or complementary data. ‘“Practical
Pelvic Floor Ultrasonography” provides an introduction to 3D/4D compre-
hensive pelvic floor ultrasonography as a cost-effective modality as well as a
resource to be used during more advanced practice.

In recognition of the pelvic floor disorders and its squeal on the quality of
life of women, the authors have compiled the practical evidence-based book
that will aid as a resource for practitioners with an interest in the imaging,
diagnosis, and treatment of pelvic floor dysfunction. The book is meant to be
concise, evidence-based, and practical for the first-time users and confers
technical capability to the reader. Concise textual information from acknowl-
edged experts is complemented by high-quality diagrams and images to pro-
vide a thorough update of this rapidly evolving field. Measurement protocols
are introduced in the respective chapters and case reviews will be demon-
strated at the conclusion.

With luxurious number of well-marked pictures, readers will gain a clear
understanding of the fundamental principles and techniques of 3D/4D com-
prehensive pelvic floor ultrasonography as well as of the normal anatomy of
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the pelvic floor and its modification in various benign pelvic floor disorders.
The book provides a rich practical resource, written in a simple step-by-step
approach for a novice in the use of ultrasound in pelvic floor imaging.

Oklahoma City, OK, USA S. Abbas Shobeiri, M.D.
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S. Abbas Shobeiri

Learning Objectives

1. Conceptualize pelvic organ support

2. Become familiarize with room analogy
and suspension bridge analogy of pelvic
organ support

3. Understand the intricate anatomy of the
levator ani subdivisions

4. Understand the role of endopelvic fas-
cia and connective tissue for pelvic
organ support

1.1 Introduction

Pelvic floor disorders, including urinary inconti-
nence, fecal incontinence, and pelvic organ pro-
lapse (POP) represent a major public health issue
in the United States [1]. Pelvic floor disorders,
including POP and urinary incontinence, are debil-
itating conditions where 24 % of adult women have
at least one pelvic floor disorder [2] which results
in surgery in 1 of 9 women [3]. In the United states
the National Center for Health Statistics estimates
400,000 operations per year are performed for pel-
vic floor dysfunction each year with 300,000
occurring in the inpatient setting [4]. A study in

S.A. Shobeiri, M.D. (D<)

Female Pelvic Medicine and Reconstructive Surgery,
The University of Oklahoma Health Sciences Center,
WP 2410, 920 Stanton L. Young Blvd., Oklahoma
City, OK 73104, USA

e-mail: Abbas-Shobeiri@ouhsc.edu

Australian women found that the lifetime risk of
surgery for POP in the general female population
was 19 % [5]. In an Austrian study an estimation
of the frequency for post-hysterectomy vault pro-
lapse requiring surgical repair was between 6 and
8 % [6]. A single vaginal birth has been shown to
significantly increase the odds of prolapse (OR
9.73, 95 % CI 2.68-35.35). Additional vaginal
births were not associated with a significant
increase in the odds of prolapse [7].

It is forecasted that the number of American
women with at least one pelvic floor disorder will
increase from 28.1 million in 2010 to 43.8 million
in 2050. During this time period, the number of
women with UI will increase 55 % from 18.3 mil-
lion to 28.4 million. For fecal incontinence, the
number of affected women will increase 59 %
from 10.6 to 16.8 million, and the number of
women with POP will increase 46 % from 3.3 to
4.9 million. The highest projections for 2050 esti-
mate that 58.2 million women in the United
States will have at least one pelvic floor disorder,
41.3 million with UI, 25.3 million with fecal
incontinence, and 9.2 million with POP. This
forecast has important public health implications.
Understanding the causes of pelvic floor disorders
is in its infancy. But what is known is that prolapse
arises because of injuries and deterioration of the
muscles, nerves, and connective tissue that support
and control normal pelvic function. This chapter
focuses on the functional anatomy of the pelvic
floor in women and how the anterior, posterior,
apical, and lateral compartments are supported.

S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 1
to 2D/3D/4D Ultrasonography of Pelvic Floor, DOI 10.1007/978-1-4614-8426-4_1,

© Springer Science+Business Media New York 2014
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Fig. 1.1 Room analogy © SHOBEIRI 2013

Fig. 1.2 Room analogy with three compartments sepa-
rated © SHOBEIRI 2013

1.1.1 Support of the Pelvic Organs:

Conceptual Overview

The pelvic organs rely on (1) their connective
tissue attachments to the pelvic walls and (2) sup-
port from the levator ani muscles that are under
neuronal control from the peripheral and central
nervous systems. In this chapter, the term “pelvic
floor” is used broadly to include all the structures
supporting the pelvic cavity rather than the
restricted use of this term to refer to the levator
ani group of muscles.

To convey the pelvic floor supportive structures to
the reader, we can use the “room analogy.” Using
this analogy, the reader can conceptualize the pel-
vic floor hiatus as the door out of this room
(Fig. 1.1). Using this very simplified analogy, if
you view the pelvic floor hiatus from where the

B

Fig. 1.3 Room analogy with anterior, middle, posterior
compartments, and the lateral walls marked © SHOBEIRI
2013

Pubocervical Fascia
— — - —

Rectovaginal Fascia

Fig. 1.4 Room analogy; pubocervical fibromuscularis
and rectovaginal fascia separating the three compartments
© SHOBEIRI 2013

sacrum is, the door frame for this room is the peri-
neal membrane, the walls and the floor the levator
ani muscle, and the ceiling the pubic bone.
However, the pelvic floor is separated into three
compartments (Fig. 1.2). We arbitrarily call these
anterior, middle, posterior, and lateral compart-
ments (Fig. 1.3). The tissue separating the anterior
and middle compartments is pubocervical fibro-
muscularis or pubocervical fascia. The tissue sepa-
rating the middle and posterior compartments is
rectovaginal fibromuscularis or rectovaginal fascia
(Fig. 1.4). The pubocervical fibromuscularis and
the rectovaginal septum are attached laterally to the
levator ani muscle with thickening of adventitia in
this area. Anatomically, the endopelvic fascia refers
to the areolar connective tissue that surrounds the



1 Pelvic Floor Anatomy

Fig. 1.5 Retropubic anatomy showing points of attach-
ments of the ATLA and the ATFP. The urethra sits on the
hammock like pubocervical fibromuscularis. # denotes
the levator ani attachment to the obturator internus muscle
© SHOBEIRI 2013

Arcus Tendineus

= —

=== posterior Arcus ===

Fig. 1.6 Room analogy; the line of attachment of the
pubocervical fascia to the levator ani is arcus tendineus
fascia pelvis. The line of attachment of the rectovaginal
fascia to the levator ani is the posterior arcus. Both are
shown as red lines © SHOBEIRI 2013

vagina. It continues down the length of the vagina
as loose areolar tissue surrounding the pelvic vis-
cera. Histologic examination has shown that the
vagina is made up of three layers—epithelium,
muscularis, and adventitia [8, 9]. The adventitial
layer is loose areolar connective tissue made up of
collagen and elastin and form the vaginal tube.
Therefore the tissue that surgeons call fascia at the
time of surgery is best described as fibromuscularis
since it is a mixture of muscularis and adventitia.
Anteriorly, pubocervical fibromuscularis is
attached to the levator ani using arcus tendineus
fascia pelvis (Fig. 1.5). Posterior attachment of rec-

Fig. 1.7 Room analogy; three compartments separation
© SHOBEIRI 2013

Anus

Rectum

Fig. 1.8 Midsagittal anatomy of an intact cadaveric spec-
imen demonstrating the three different compartments ©
SHOBEIRI 2013

tovaginal septum to the levator ani is poorly under-
stood but we will refer to it as the posterior arcus
(Fig. 1.6) [10]. The anterior compartment is home
to the urethra and the lower part of the bladder. The
middle compartment is the vagina, and the poste-
rior compartment is home to anorectum (Fig. 1.7).
This analogy is not far from reality. When one
looks at the pelvic floor structures, the three com-
partments are clearly separated as described
(Fig. 1.8). Compartmentalization of the pelvic
floor has lead to different medical specialties look-
ing at that specific compartment and paying less
attention to the whole pelvic floor (Fig. 1.9).

If one looks at the middle compartment from
the side, he or she can appreciate different levels of
support as described by DeLancey and colleagues
[11] (Fig. 1.10). Looking at these supportive
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Fig. 1.9 Room analogy; each area or compartment may
be managed by a different specialist. There is a great need
for one specialty that understands the interaction between
different compartments and manages them concurrently
as much as possible © SHOBEIRI 2013

Fig. 1.10 Room analogy; level one support are provided
by the uterosacral-cardinal ligament complex which keep
the room upright. These are demonstrated as the yellow
arrows. The level II supports are provided by the lateral
tendineus attachments drawn as red lines. The level 111
support is provided by perineal membrane which is the
green area © SHOBEIRI 2013

structures from the sagittal view exposes the
connective tissue elements that keep the room
standing. Generally, a “suspension bridge” anal-
ogy is useful for to describing these structures
(Fig. 1.11). Although in room analogy, the ante-
rior, middle, and posterior compartments house
the pelvic organs; in reality, the pelvic organs
are part of the pelvic floor and play an important
supportive role through their connections with
structures, such as the cardinal and uterosacral

Fig. 1.11 Suspension bridge analogy; the depiction of a
normal bridge © SHOBEIRI 2013

Fig. 1.12 Suspension bridge analogy; the depiction of a
suspension bridge adapted to human female pelvic floor
structures. The red masts are the ischial spine and the
pubis. The blue lines are the levator ani fibers. The green
line is the uterosacral ligaments continuous with the pos-
terior arcus line. The anococcygeal ligament provides
anchoring point for the posterior structures © SHOBEIRI
2013

ligaments. Adapting this suspension bridge to
human body, perineal body and the sacrum
become the two anchoring points of the bridge.
Perineal membrane (DeLancey Level III) and the
uterosacral ligaments (DeLancey Level I) form
the two masts of the suspension bridge (Fig. 1.12).
The lateral wires are the levator ani muscles of
the lateral wall (Fig. 1.13) and the attachments of
the vagina to the levator ani muscles laterally in
the mid part of the vagina forms Delancey’s
Level II support. The levator ani muscles and the
interconnecting fibromuscular structures support
bladder and urethra anteriorly, vaginal canal in
the middle, and anorectal structures posteriorly
(Fig. 1.14).

Like a room or a suspension bridge, the pelvic
floor is subjected to loads that should be appropriate



1 Pelvic Floor Anatomy

Fig. 1.13 Suspension bridge analogy; the depiction of a
suspension bridge adapted to human female pelvic floor
structures. The levator ani fibers have intricate and over-
lapping paths. The puboanalis (PA) and puboperinealis
form some of the supportive structures of the perineum.
The puborectalis (PR) fibers form the sling behind the rec-
tum. Pubovisceralis (PV) is a collective term we have
applied here to the iliococcygeus and pubococcygeous
fibers. The levator plate (LP) is formed by overlapping of
the PV and PR fibers © SHOBEIRI 2013

Fig. 1.14 Suspension bridge analogy; the depiction of
different compartments of pelvic floor © SHOBEIRI 2013

for its design. Should these loads exceed what the
pelvic floor is capable of handling there would be
failure in one or multiple supportive elements.
Pelvic floor is not a static structure. The levator
ani works in concert with the ligamentous struc-
tures to withstand intraabdominal pressure that
could predispose to POP and urinary or fecal
incontinence during daily activities (Fig. 1.15).
The lower end of the pelvic floor is held closed by
the pelvic floor muscles, preventing prolapse by
constricting the base. The spatial relationship of
the organs and the pelvic floor are important.
Pelvic support is a combination of constriction,
suspension, and structural geometry.

The levator ani muscle has puboperinealis,
puboanalis, pubovaginalis, puborectalis, pubo-
coccygeus, and iliococcygeus subdivisions

Fig. 1.15 Right lateral standing anatomic depiction of
the three compartments exposed to intraabdominal pres-
sure which results in activation of the muscles to prevent
prolapse or urinary and fecal incontinence. B bladder, Cx
cervix, R rectum, LA levator ani, U urethra, V vagina, A
anus © SHOBEIRI 2013

(Fig. 1.16). Pubococcygeus is a functional unit
of the iliococcygeus and these two collectively
are known as the pubovisceralis muscle. The
relationship of these muscles to each other is
interesting as they criss cross in different angles
to each other (Figs. 1.17 and 1.18).

1.2  Practical Anatomy
and Prolapse
1.2.1 Overview

Level I support is composed of the uterosacral
and cardinal ligaments which form the support
of the uterus and upper 1/3 of the vagina.
Stretching and failure of level I can result in pure
apical prolapse of the uterus or an enterocele for-
mation. At Level II, there are direct lateral
attachments of the pubocervical fibromuscularis
and rectovaginal fibromuscularis to the lateral
compartments formed by the levator ani mus-
cles. The variations of defects in this level will
be described in the following sections. In the
Level I1I the vaginal wall is anteriorly fused with
the urethra, posteriorly with the perineal body.
Levator ani muscles in this area are poorly
described, but mostly consist of fibrous sheets
that envelop the lateral aspects of the vaginal
introitus.
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Fig. 1.16 The relative position of levator ani subdivi-
sions during ultrasound imaging. /C iliococcygeus, PP
puboperinealis, STP superficial transverse perinei, PA
puboanalis. Illustration: John Yanson. Shobeiri. Ultrasono-
graphy Validation. Obstet Gynecol 2009

1.2.2 Apical Segment

While level I cardinal and uterosacral ligaments
can be surgically identified supporting the cervix
and the upper 1/3 of the vagina [12, 13], as they
fan out toward the sacrum and laterally, they
become a mixture of connective tissue, blood
vessels, nerves, smooth muscle, and adipose tis-
sue. The uterosacral ligaments act like rubber
bands in that they may lengthen with initial
Valsalva, but resist any further lengthening at a
critical point in which they have to return to their
comfortable length or break (Fig. 1.19). Level 1
and levator ani muscles are interdependent. Intact

., musclé

Fig. 1.17 Right hemipelvis of a fresh frozen pelvis
showing the overlapping of the levator ani subdivisions
fibers. The orange arrows: puborectalis; the blue arrows:
iliococcygeus; the white arrows: pubococcygeus. Note the
relationship between the iliococcygeus and pubococ-
cygeus fibers. © SHOBEIRI 2013

Fig. 1.18 Right hemipelvis of a fresh frozen pelvis with
the organs removed. The puborectalis (PR), iliococcygeus
(IC), and pubococcygeus (PC) form the lateral sidewall.
Note the relationship between the iliococcygeus and
pubococcygeus fibers. © SHOBEIRI 2013

levator ani muscles moderate the tension placed
on the level I support structures and intact level I
support lessen the pressure imposed from above
on the pelvic floor.

1.2.3 Anterior Compartment
Anterior compartment support depends on the

integrity of vaginal muscularis and adventitia and
their connections to the arcus tendineus fascia
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Fig. 1.19 Right hemipelvis of a fresh frozen pelvis
showing the uterosacral fibers. The borders of the ligament
are shown in dotted line. Cx cervix, C coccyx, PS pubic
symphysis. © SHOBEIRI 2013

pelvis. The arcus tendineus fascia pelvis is at one
end connected to the lower sixth of the pubic
bone, 1-2 cm lateral to the midline, and at the
other end to the ischial spine. A simple case of a
distension cystocele could result from a defect in
pubocervical fibromuscularis (Fig. 1.20a, b)

The anterior wall fascial attachments to the
arcus tendineus fascia pelvis have been called the
paravaginal fascial attachments by Richardson
et al. [14]. Detachment of arcus tendineus from
the levator ani is associated with stress inconti-
nence and anterior prolapse. The detachment can
be unilateral (Fig. 1.21) or bilateral (Fig. 1.22)
causing a displacement cystocele. In addition, the
defect can be complete or incomplete. The sur-
geon who performs an anterior repair on Fig. 1.22
in reality worsens the underlying disease process.
The upper portions of the anterior vaginal wall
can prolapse due to lack of Level I support and
failure of uterosacral-cardinal complex. Over
time this failure may lead to increased load in the
paravaginal area and failure of level II paravagi-
nal support. A study of 71 women with anterior
compartment prolapse has shown that paravagi-
nal defect usually results from a detachment of
the arcus tendineus fascia pelvis from the ischial
spine, and rarely from the pubic bone [15].
Resuspension of the vaginal apex at the time of
surgery in addition to paravaginal or anterior col-
porrhaphy may help to return the anterior wall to

Fig. 1.20 Room analogy; (a): an occult pubocervical
fibromuscularis defect can result in an overt cystocele (b).
© SHOBEIRI 2013

e

Fig. 1.21 Right hemipelvis of a fresh frozen pelvis
showing a paravaginal defect repair outlined in green ©
SHOBEIRI 2013
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Fig. 1.22 Room analogy; bilateral detachment of the
pubocervical fibromuscularis can result in a cystocele ©
SHOBEIRI 2013

Fig. 1.23 Room analogy; absence or severe deficiency of
the pubocervical fibromuscularis can result in a cystocele
© SHOBEIRI 2013

a more normal position or at least prevent future
failures. Another scenario that the surgeon faces
is the lack of any tangible fibromuscular tissue in
the anterior compartment (Fig. 1.23). Plication of
the available tissue may cause vaginal narrowing
and dyspareunia. The knowledge of this condition
is essential as it will require bridging of the ante-
rior compartment with autologous fascia lata
graft [16] or other commercially available tissue
augmentation.

Various grading systems such as Pelvic
Organ Prolapse Quantification (POPQ) system
[17] used to describe prolapse do not take into
account the underlying cause of the prolapse.

Levator ani

Fig. 1.24 Three levels of support. DeLancey. AJOG 1992

Different clinical and imaging based modalities
have been used to pinpoint the location of
defect. MRI holds promise in this regard,
although good studies investigating validation of
this technique compared to physical examination
are lacking.

1.2.4 Perineal Membrane
(Urogenital Diaphragm)

A critical but perhaps underappreciated part of
pelvic floor support is the perineal membrane as
it forms the level III part of Delancey support
(Fig. 1.24) and one of the anchoring points in
the suspension bridge analogy. The tissue that
spans the anterior part of the pelvic outlet, below
the levator ani muscles, there is a dense triangu-
lar membrane was called the urogenital dia-
phragm. However this layer is not a single
muscle layer with a double layer of fascia (“dia-
phragm”), but rather a set of connective tissues
that surround the urethra, the term perineal
membrane has been used more recently to reflect
its true nature [18]. The perineal membrane is a
single connective tissue membrane, with muscle
lying immediately above. The perineal mem-
brane lies at the level of the hymen and attaches
the urethra, vagina, and perineal body to the
ischiopubic rami.
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Fig. 1.25 Room analogy; (a): an occult rectovaginal defect
can result in an overt rectocele (b). © SHOBEIRI 2013

1.2.5 Posterior Compartment
and Perineal Membrane

The posterior compartment is bound to perineal
body and the perineal membrane caudad (level
IIT), paracolpium and the uterosacral ligaments
cephalad (level I), and the posterior arcus
connected to the levator ani laterally (Level II).
As in the anterior compartment, a simple defect
in rectovaginal fibromuscularis (Fig. 1.25) can
cause a distention rectocele. A defect in the pos-
terior arcus is associated with a pararectal defect
that can be unilateral (Fig. 1.26) or bilateral
(Fig. 1.27). Such defects need to be differentiated
from total loss of rectovaginal fibromuscularis
which may require augmentation of the compart-
ment with autologous or cadaveric tissue. At
times, the separation of the posterior arcus may

Fig. 1.26 Room analogy; right lateral detachment of the
rectovaginal septum can result in a rectocele © SHOBEIRI
2013

Fig. 1.27 Room analogy; bilateral detachment of the
rectovaginal septum can result in a rectocele © SHOBEIRI
2013

be apical and may require reattachment of the
posterior arcus to the uterosacral ligament or the
iliococcygeal muscle.

The fibers of the perineal membrane connect
through the perineal body thereby providing a
layer that resists downward descent of the rectum.
A separate level I support does not exist for ante-
rior and posterior compartments. In the room
analogy used in this chapter, the perineal mem-
brane is analogous to the door frame. If the bot-
tom of the door frame is missing (Fig. 1.28), then
the resistance to downward descent is lost and a
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Fig. 1.28 Room analogy; Absence or severe deficiency
of rectovaginal fascia can result in a rectocele. ©
SHOBEIRI 2013

(.

Fig.1.29 A perineocele in a patient with need to splint to
have bowel movement © SHOBEIRI 2013

perineocele develops. This situation can be elu-
sive as the clinical diagnosis is made by realizing
the patient’s need to splint very close to the vagi-
nal opening in order to have a bowel movement
and the physical examination may reveal an
elongated or “empty” perineal body (Fig. 1.29).
Reattachment of the separated structures during
perineorrhaphy corrects this defect and is a
mainstay of reconstructive surgery. Because the
puboperinealis muscles are intimately connected
with the cranial surface of the perineal mem-
branes, this reattachment also restores the mus-

Fig. 1.30 Perineal dissection in a fresh frozen pelvis
shows the relationship of the external anal sphincter
(EAS) to the perineal body (PB) and the puboanalis/pubo-
perinealis complex. IRF denotes the ischiorectal fat. ©
SHOBEIRI 2013

cles to a more normal position under the pelvic
organs in a location where they can provide
support.

Three anal canal muscular structures that
contribute to fecal continence are the internal
anal sphincter (IAS), the external anal sphincter
(EAS), and the levator plate. The EAS is made up
of voluntary muscle that encompasses the anal
canal. It is described as having three parts: (1)
The deep part is integral with the puborectalis.
Posteriorly there is some ligamentous attach-
ment. Anteriorly some fibers are circular. (2)
The superficial part has a very broad attachment
to the underside of the coccyx via the anococcy-
geal ligament. Anteriorly there is a division into
circular fibers and a decussation to the superficial
transverse perinei. (3) The subcutaneous part lies
below the IAS.

The IAS always extends cephalad to the EAS
for a distance of more than 1-2 cm. The internal
sphincter lies consistently between the external
sphincter and the anal mucosa, extending below
the dentate line by 1 cm. Normally, the EAS
begins below the TAS [19].

The muscle fibers from the puboanalis portion
of the levator ani become fibroelastic as they
extend caudally to merge with the conjoined lon-
gitudinal layer (CLL) that is inserted between the
external and IASs (Fig. 1.30) [20]. The CLL
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Fig. 1.31 Drawing of EAS subdivisions. Anterior portion
of model is to the left, posterior to the right. Notice decussa-
tion of fibers toward the coccyx posteriorly. The main body
of the EAS also has a concentric portion posteriorly that is
not shown in this view. EAS-M main body of EAS, EAS-W
winged portion of EAS, SQ-EAS subcutaneous EAS

Fig. 1.32 Perineal dissection in a cadaveric specimen
shows the relationship of the subcutaneous external anal
sphincter (EAS-SQ) to the main portion of EAS, the
winged portion of EAS, and the superficial transverse
perinei (STP). The internal anal sphincter is marked with
the dotted line. The rectovaginal fascia is marked with
RVF © SHOBEIRI 2013

fibers and the puboanalis fibers cannot be pal-
pated clinically. However, the puboperinealis
fibers which medially located can be palpated as
a distinct band of fibers joining the perineal body
(Fig. 1.31).

Per MRI studies done by Hsu and colleagues,
the EAS includes a subcutaneous portion
(EAS-SQ) (Fig. 1.31), a visibly separate deeper
portion (EAS-M) and a lateral portion that has
lateral winged projections (EAS-W). The EAS-SQ
is the distinct part of the EAS (Fig. 1.32). A clear

Table 1.1 International standardized terminology

Origin/insertion
Puboperinealis (PP)
Pubovaginalis (PV)

Pubis/perineal body
Pubis/vaginal wall at the level of
the mid-urethra
Pubis/intersphincteric groove
between internal and external anal
sphincter to end in the anal skin

Puboanalis (PA)

Puborectalis (PR)  Pubis/forms sling behind the rectum
Tliococcygeus (IC)  Tendinous arch of the levator ani/
the two sides fuse in the
iliococcygeal raphe
Pubococcygeus Pubic symphysis to superficial
(PC) part of anococcygeal ligament

Divisions of the levator ani muscles

separation does not exist between concentric
portion of EAS-M and the winged EAS-W.
The EAS-W fibers have differing fiber directions
than the other portions, forming an open
“U-shaped” configuration which cannot be visu-
alized in midsagittal view except in the posterior
anus. These fibers are contiguous with the EAS
but visibly separate from the levator plate muscles,
whose fibers they parallel [21].

1.2.6 Lateral Compartment
and the Levator Ani Muscles

It is generally accepted that the levator ani mus-
cles and the associated fascial layer surround
pelvic organs like funnel to form the pelvic dia-
phragm [22]. Given that we employ concepts
such as pelvic floor spasm, levator spasm, and
pelvic floor weakness, understanding the basic
concepts of pelvic floor musculature is essential
to formulate a clinical opinion. The area posterior
to the pubic bone is dense with bands of inter-
twined levator ani muscles which defy conven-
tional description of the levator ani being
consisted of puborectalis, pubococcygeus, and
iliococcygeus. The anatomy of distal subdivi-
sions of the levator ani muscle was further
described in a study by Kearney et al. [23]. The
origins and insertions of these muscles as well as
their characteristic anatomical relations are shown
in Table 1.1 and Fig. 1.16. Using a nomenclature
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based on the attachment points, the lesser known
subdivisions of the levator ani muscles, the mus-
cles posterior to the pubic bone are identified as
pubovaginalis, puboanalis, and puboperinealis.
The pubovaginalis is poorly described, but may
be analogous to the urethrovaginal ligaments.
The puboanalis originates from behind the pubic
bone as a thin band and inserts around the anus
into the longitudinal ligaments. Puboperinealis
which is most often 0.5 cm in diameter originates
from the pubic bone and inserts into the perineal
body. The four major components of the levator
ani muscle; the iliococcygeus forms a thin, rela-
tively flat, horizontal shelf that spans the poten-
tial gap from one pelvic sidewall to the other. The
pubococcygeus muscle travels from the tip of the
coccyx to the pubic bone (Fig. 1.17) while the
puborectalis muscle originates from the anterior
portion of the perineal membrane and the pubic
bone to form a sling behind the rectum, the pubo-
perinealis, and puboanalis are thin broad com-
plex muscles poorly described that attach to the
perineal body and anus to stabilize the perineal
region.

Margulies and colleagues showed excellent
reliability and reproducibility of visualizing major
portions of the levator ani with magnetic reso-
nance imaging in nulliparous volunteers [24].
Because puboanalis, pubovaginalis, and puboperi-
nealis are small, they are proven hard to visualize
by magnetic resonance imaging. However, these
muscles are seen well with 3D endovaginal
ultrasonography [25].

The shortest distance between the pubic sym-
physis and the levator plate is the minimal leva-
tor hiatus. This is different from the urogenital
hiatus which bounded anteriorly by the pubic
bones, laterally by levator ani muscles, and pos-
teriorly by the perineal body and EAS. The base-
line tonic activity of the levator ani muscle keeps
the minimal levator hiatus closed by compress-
ing the urethra, vagina, and rectum against the
pubic bone as they exit through this opening [26].
The levator ani fibers converge behind the rectum
to form the levator plate. With contraction, the
levator plate elevates to form a horizontal shelf
over which pelvic organs rest. The deficiency of

Fig. 1.33 Right lateral standing anatomic depiction of
the levator ani muscle and uterosacral-cardinal complex
interaction © SHOBEIRI 2013

any portion of the levator ani results in weaken-
ing of the levator plate and descensus of pelvic
organs [27].

1.2.7 Endopelvic Fascia and Levator
Ani Interactions

The levator ani muscles and the endopelvic fas-
cia work as a unit to provide pelvic organ sup-
port. If the muscles maintain normal tone, the
ligaments of the endopelvic fascia will have lit-
tle tension on them even with increases in
abdominal pressure (Fig. 1.33). If the muscles
are damaged by a tear or complete separation
from their attachments, the pelvic floor sags
downward overtime and the organs are pushed
through the urogenital hiatus (Fig. 1.34a, b). In
such cases the ligaments and the endopelvic fas-
cia will assume the majority of the pelvic floor
load until they fail as well. Different varieties of
levator ani injury can cause different interesting
types of clinical defects. A partial defect and
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Fig. 1.34 Room analogy; The clinical presentation of a
combined cystocele/rectocele may have varied pathophi-
siologies. Depicted to the left is a cystocele/rectocele due
to pubocervical and rectovaginal fibromuscularis defects.

separation of the pubovisceralis muscles will
result in a displacement cystocele (Fig. 1.35a,
b). However, the clinician may not be able to
distinguish if this is a displacement cystocele
due to paravaginal defect and arcus tendineus
separation or due to muscle loss. The conse-
quences of this lack of recognition can be that
the surgeon may elect to do an anterior repair
and by placating the pubocervical fibromuscu-
laris make the lateral defect worse. The lack of
basic information about the levator ani status
may account for varied results in the anterior
repair studies. Additionally, in an attempted
paravaginal repair, the surgeon may realize that
there is no muscle to attach the arcus tendenious
to. A partial defect as in Fig. 1.35a is subjected

(a): bilateral levator ani tears may or may not result in
prolapse or incontinence initially, but over time the other
supportive structures will decompensate resulting in
pelvic floor laxity (b) © SHOBEIRI 2013

to excessive forces and may progress over time
to involve the apical and posterior compartments
as well (Fig. 1.35b). How fast this occurs
depends on the strength of the patient’s connec-
tive tissue. One woman with injured muscles
may have strong connective tissue that compen-
sates and never develops prolapse while another
woman with even less muscle injury but weaker
connective tissue may develop prolapse with
aging. There are instances of catastrophic injury
during childbirth during which complete muscle
loss occurs and the patient presents with a dis-
placement cystocele, rectocele, and varied types
of incontinence (Fig. 1.36a, b). This scenario is
different with patients who have a defect in
pubocervical and rectovaginal fibromuscularis
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Fig. 1.35 Room analogy; (a): unilateral levator ani tears
may or may not result in prolapse or incontinence initially,
but over time the other supportive structures will decom-
pensate resulting in pelvic floor laxity (b) © SHOBEIRI
2013

(Fig. 1.37) which develop into a distention cys-
tocele and rectocele over time. A cystocele and
rectocele repair that can be used for the latter
case will worsen the first patient’s condition that
has levator damage.

1.2.8 The Levator Plate

The levtor plate has varied definitions and is
viewed differently by different sources. On one
hand, Hsu and colleagues’ modeling views it as a
flap valve that requires the dorsal traction of the
uterosacral ligaments, and to some extent the car-
dinal ligaments, to hold the cervix back in the

hollow of the sacrum. The measurement obtained
is called the levator plate angle (LPA). It also
requires the ventral pull of the pubovisceral por-
tions of the levator ani muscle to swing the leva-
tor plate more horizontally to close the urogenital
hiatus. From our point of view, the levator plate is
the point that pubovisceralis and the puborectalis
come together under the rectum to create the ano-
rectal angle (Figs. 1.13, 1.17, and 1.18). We mea-
sure the movement of the levator plate relative to
the pubic bone by a measurement called Levator
Plate Descent Angle (LPDA) [28]. LPA and
LPDA likely measure different functions. LPDA
change has been correlated with levator ani defi-
ciency (Fig. 1.38).

1.2.9 Nerves

There are two main nerves that supply the pelvic

floor:

1. The pudendal nerve supplies the urethral and
anal sphincters and perineal muscles. The
pudendal nerve originates from S2 to S4
foramina runs through Alcock’s canal which is
caudal to the levator ani muscles. The puden-
dal nerve has three branches: the clitoral, peri-
neal, and inferior hemorrhoidal which
innervate the clitoris, the perineal musculature,
inner perineal skin, and the EAS respectively
[20]. The blockade of the pudendal nerve
decreases resting and squeeze pressures in the
vagina and rectum, increases the length of the
urogenital hiatus, and decreases EMG activity
of the puborectalis muscle [29].

2. The levator ani nerve innervates the major
musculature that supports the pelvic floor.
The levator ani nerve originates from S3 to S5
foramina, runs inside of the pelvis on the
cranial surface of the levator ani muscle and
provides the innervation to all the subdivi-
sions of the muscle.

Motor nerves to the IAS are derived from (1)
L5-presacral plexus sympathetic fibers and (2)
S2-4 parasympathetic fibers of the pelvic
splanchnic nerve. The levator ani muscle often
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Fig. 1.36 Room analogy; Obstetrics injuries can be cata-
strophic or subtle. To the left is a complete right unilateral
levator ani detachment (avulsion). To the right is injury to

Fig. 1.37 Room analogy; multicompartmental defect:
pubocervical fibromuscularis and rectovaginal septum
defects © SHOBEIRI 2013

the perineal support (the missing green part of the door
frame) (a), which may result in sliding of the rectovaginal
fascia and a clinical perineocele, (b). © SHOBEIRI 2013

has a dual somatic innervation with the levator
ani nerve as its constant and main neuronal
supply [20, 30].

1.3  Summary

The knowledge of pelvic floor anatomy and func-
tion is essential for effective ultrasound imaging
of pelvic floor pathologies. With advancing ultra-
sound technology, new ultrasound techniques
have increased our ability to detect pelvic floor
defects and helped us gain insight into patho-
physiology of pelvic floor disorders.
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Fig. 1.38 Drawing of the levator plate angle (LPA) vs.
the levator plate descent angle obtained by 3D endovaginal
ultrasound. © SHOBEIRI 2013. The levator plate position
relative to the PLURAL is shown. A normal LPDA relative
to the reference line (PLURAL) is normally 15 degrees.
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2D/3D Endovaginal and Endoanal
Instrumentation and Techniques

S. Abbas Shobeiri

Learning Objectives

1. Understand the pelvic floor ultrasound
instrumentation and techniques

2. Appreciate the capabilities and limita-
tions of ultrasound equipment

3. Become familiarized with systems for
performing meaningful 2D/3D endovagi-
nal and endoanal ultrasound imaging and
techniques

4. Learn how to use pelvic floor ultraso-
nography to make accurate and compre-
hensive diagnoses and guide therapeutic
decisions

2.1 Introduction

Varying pelvic floor disorders require varying
degrees of imaging for proper management. The
pelvic floor is a complex structure functionally
and anatomically. Muscles, nerves, and connec-
tive tissue all play a role in its proper functioning.
Therefore, many factors, including birth-related
trauma and age, play a role in pelvic floor dys-
functions. Despite much progress in the diagnosis
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of pelvic floor dysfunction, general practitioners
in women’s health are often not fully aware of the
potential of pelvic floor ultrasonography.
Although physical examination, cystoscopy, and
urodynamics are main stays of pelvic floor diag-
nosis, cheap, simple, noninvasive 2D, 3D, or 4D
office ultrasound is not in widespread use. It can
be important to view all compartments of the pel-
vic floor in order to (1) find the causes of dysfunc-
tion, (2) plan treatment, and (3) evaluate outcomes.
More and more clinical studies are reporting the
value of a thorough pelvic floor ultrasound exami-
nation that includes endovaginal and endoanal as
well as transperineal imaging. The benefits of
high-resolution 3D imaging of pelvic floor struc-
tures are also being increasingly recognized.
Ultrasound allows fast, multicompartmental
assessment, facilitating optimal patient through-
put. It allows for high-resolution assessment of
the morphology and function of the different parts
of the pelvic floor. It facilitates observation of the
entire pelvic floor with minimal disruption to the
natural condition of the structures. Preoperative
evaluation may reveal more in-depth information
about the nature of incontinence. It may help the
practitioner visualize the position and mobility of
the bladder neck and urethra, in combination with
maneuvers like squeeze and Valsalva. To evaluate
prolapse, cystocele, rectocele, and enterocele,
postoperative evaluation may help ensure that
corrective devices, such as tension-free vaginal
tape (TVT) or mesh implants, are properly placed.
The value of anal sphincter ultrasonography to
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Fig. 2.2 The Pro Focus UltraView 2202 console. A: The
general toggle control which amplifies or mutes the signal
all across the screen. B: The most important button. Once
your machine has your desired setting, the 3D button
starts and stops scanning. C: For ID input and probe selec-
tion, D: for color Doppler, E: save button saves a video
clip of specified duration or if the screen is frozen, an
image is captured. F: Your mouse, G: the mouse click, H:
for distance measurements, I: freeze button, J: buttons
used for changing the depth of scanning, frequency, width,
Fig.2.1 A Pro Focus UltraView scanner resolution, and range, K: the toggle buttons control selec-
tive amplification or muting of signals on the screen
© SHOBEIRI 2013

Table 2.1 UltraView specifications

Imaging modes: B, M, color Doppler, power Doppler,
pulsed wave Doppler, tissue harmonic, contrast imaging

Features and options: vector flow imaging (VFI), 3D
professional, 360° probe support, DICOM,
HistoScanning™ , remote control, 3 array connectors

Display: 19” LCD flat monitor

Dimensions (approx): system height, 1,475-1,565 mm/58—
62 in.; width, 525 mm/21 in.; depth, 765 mm/30 in.
Weight: 70 kg/154 1b

detect and evaluate anal sphincter tears and peri-
anal fistulas is well established [1].

2.2 2D Transperineal and 3D
Endovaginal and Endoanal
Ultrasound Imaging

A fair amount of information can be obtained
with an abdominal 2D concave probe that is
placed on the perineum [2]. Additional informa-
tion can be obtained by endovaginal and endoanal  Fjg.2.3 A Flex Focus machine

imaging. Analogic’s BK Pro Focus UltraView

(Fig. 2.1, Table 2.1) and Flex Focus are suited 19” monitor, and a sensitive color Doppler with
for this purpose. These systems offer high perfor- superb spatial resolution and sensitivity. The
mance with efficiency and speed, a high-resolution ~ UltraView system (Fig. 2.2) has all the features
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Table 2.2 Flex Focus specifications
Imaging modes: B, M, color Doppler, PW Doppler, tissue
harmonic

Features and options: 3D 360° probe, DICOM, BK
power pack

Display: 19" LCD flat monitor

Dimensions (approx): system height, 1,350-1,602 mm/53—
63 in.; keyboard height, 745-1,055 mm/29—41.5 in.; body
width, 350 mm/14 in.; depth, 610 mm/24 in.

Weight: 49 kg/108 1b (excluding probes and printer),
7 kg/15 1b (imaging unit only)

.‘\

-
such as HistoScanning™ capabilities, while Flex
Focus (Fig. 2.3, Table 2.2) has a small footprint—
fits in the tightest spaces—4 h plug-free imaging,
innovative and easy to use, smooth, sealed key-
board for easy cleaning and disinfection. The
ultrasound machine comes with state-of-the-art
probes. Although there are probes for multiple
principles, there are only two or three probes
needed for pelvic floor imaging. These probes
offer innovative design for access to all areas,

advanced puncture guides, convenient one-button
control, and easy sterilization and disinfection.

Fig. 2.4 8802 probe

2.2.1 The 2D Probes

Although any available 2-8 MHz abdominal
probe can be used for scanning of the pelvic floor,
the images in this book are from a BK 8802 probe
unless specified otherwise (Fig. 2.4, Table 2.3).

Table 2.3 8802 probe specifications
8802 specifications

Frequency range 4.3-6.0 MHz

Focal range (typical) 6-114 mm

Contact surface 52x 8 mm

Disinfection Immersion, sterile
covers are available

Physical data (length x width) 100 x 60 mm

Weight (approx) 150 g (approx)

Fig.2.5 x,y, z planes

2.2.2 The 3D Endocavitary
High-Resolution Probes

High-resolution 3D allows the automatic acquisi-
tion and construction of high-resolution data vol-
umes by synthesis of a high number of parallel
transaxial or radial 2D images, ensuring that true
dimensions in all three x, y, and z planes are equiv-
alent. The constructed data cube technique pro-
vides accurate distance, area, angle, and volume
measurements. The volume rendering technique
resulting from high-resolution 3D provides accu-
rate visualization of the deeper structures. High-
resolution endovaginal or endoanal anatomy can
be obtained in 30-60 s. The scanned data set is
also highly reproducible, with limited operator
dependency. The probe can visualize all rectal
wall layers; evaluate the radial, longitudinal exten-
sion of sphincter tears; and measure detailed pel-
vic floor architecture in all x, y, and z planes
accurately (Fig. 2.5).
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Table 2.4 2052 endocavitary 360° probe specifications
2052 specifications

Frequency range 6-16 MHz

Focal range (typical) Up to 50 mm

Sector angle 360°

Disinfection Immersion

Physical data Length: 542 mm
Shaft length: 270 mm
Handle width: 38.4 mm
Shaft width: 17 mm

Weight (approx) 850 g (approx)

Fig. 2.6 2052 probe

2052 Endocavitary 360° Probe

The 2052 probe (Table 2.4, Fig. 2.6) has an inter-
nal automated motorized system that allows an
acquisition of 300 aligned transaxial 2D images
over a distance of 60 mm every 0.2 mm in 60 s,
without any movement of the probe within the
cavity (Fig. 2.7). The probe has buttons on the
handle that allows manual control of the probe
(Fig. 2.8). The set of 2D images is instanta-
neously reconstructed into a high-resolution 3D
image for real-time manipulation and volume
rendering. The 3D volume can also be archived
for offline analysis on the ultrasonographic
system or on PC with the help of dedicated 3D
Viewer software. The main limitation of this
probe is the total length of the probe of 54 cm.

Fig.2.7 2052 probe creates parallel axial images that are
packaged to create a 3D volume

Although the probe is also used by colorectal
surgeons for staging of rectal tumors which
necessitates the length, in pelvic floor imaging,
the length may create anxiety for the patients. For
pelvic floor imaging, the length requires keeping
the hand in a stable position to avoid image
distortion. From the methodological point of
view, mechanical character of the probe does not
allow to obtain the same resolution in all sec-
tions, only the axial section (the section of acqui-
sition) has the best quality, and all other sections
coming from post-processing of the 3D volume
data set have lower resolution.

8848 Endocavitary Biplane Probe

Broad views of anterior and posterior compart-
ments for functional and anatomical studies may
be obtained using the 8848 probe (Table 2.5,
Fig. 2.9). To obtain quick views of the anterior
and posterior compartments, this probe can be
rotated manually, but to obtain reproducible 180°
3D measurements, the 8848 probe can be installed
on an external mover (Fig. 2.10). The probe has
two buttons on the handle that allows for selec-
tion of axial or sagittal scanning. It provides
detailed high-resolution biplane with 6.5 cm linear
and convex views. One can obtain 3D volumes by
manually rotating hand 180° when in sagittal mode
or withdrawing the hand 6.5 cm when scanning
the urethra or the rectum vaginally. However,
these 3D volumes are not accurate if measurement
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Fig. 2.8 The 2052 probe has two buttons on the handle anteriorly that allows manual pilot of the scanner elements
within the probe. The button posteriorly activates the probe or freezes the image on the screen

Table 2.5 8848 180° probe specification

8848 specifications
Frequency range
Focal range (typical)
Frame rate/td>
Disinfection

Scanning modes

Contact surface
(overall)

Image field (expanded)
Weight (approx)

Fig.2.9 8848 probe

5-12 MHz

3-60 mm

>150

Immersion, STERIS SYSTEM
1", STERIS SYSTEM 1E,
STERRAD 50,100S and 200
B.M, Doppler, BCFM, tissue
harmonic imaging

Transverse: 127 mm?, sagittal:
357 mm?

180°(transverse)
250 g

Fig.2.10 The external mover elements for 8848 probe

Table 2.6 8838 endocavitary 360° probe specification

2D frequency (MHz) 12-6

Doppler frequency (MHz) 7.5-6.5

Tissue harmonic imaging 10

frequency (MHz)

Contrast imaging frequency 4

(MHz)

Image field 65 mm wide acoustic
surface able to rotate 360°

2D penetration depth (mm) ~ 82-85

Footprint (mm) 65x5.5

endovaginal and endoanal imaging with built-in
high-resolution 3D capabilities. The probe has
built-in linear array which rotates 360° inside the

of structures is the desired endpoint. To obtain
consistent 3D volumes, a 3D mover needs to be
utilized.

8838 Endocavitary 360° Probe

8838 is similar to 8848 probe, but all the mecha-
nisms are internalized (Table 2.6, Fig. 2.11).
The probe is world’s first electronic probe for

probe. The probe has no need for additional
accessories or movers; no moving parts come in
contact with the patient. The probe has capability
for dynamic 2D (Fig. 2.12) and 3D scanning
(Fig. 2.13). The probe has wide frequency range
12-6 MHz, with the same excellent imaging
capabilities across all frequencies. Probe has a
slim 16 mm (0.6) diameter for more comfortable
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Fig.2.11 8838 probe
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Fig. 2.12 8838 set at scanning at 12:00 o’clock position
for dynamic imaging of the bladder

Fig. 2.13 The 8838 probe elements move within the
shaft radially to create a 3D data volume

S.A. Shobeiri

patient imaging with an easy grip to hold and
manipulate. Unlike 2052 probe’s long profile
which was designed with staging of colorectal
cancers in mind, the 8838 is short and less
threatening to the patients.

The 8838 probe allows an acquisition of radial
2D images without any movement of the probe
within the cavity. The set of 2D images is instan-
taneously reconstructed into a high-resolution 3D
image for real-time manipulation and volume
rendering. The 3D volume can also be archived
for offline analysis using BK PC software.

2.2.3 BK3D Viewer Software

The 3D volume can be used on the scanner, but
the ease of use and functionality is better when the
free software is installed on any PC (Fig. 2.14).
The available functions are lined to the right,
bottom, and the left side of the screen. One can
scan any patient and export their data files to a
CD, DVD, USB, external hard drive, or a server
and then view them at any time, on any PC. This
is akin to the virtual examination of the patient.
The work can be saved and reproduced with ease.
On the left side there is an “eye” icon where you
can create “memory points.” By clicking on the
eye icon, you save the 3D view and find it easily

Fig. 2.14 The screen view of BK 3D software. The empty 3D wire frame is seen in the center with control icons all

around it © SHOBEIRI 2013
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Fig. 2.15 The “eye icon” saves your screen shot and creates a menu of images of interest for future reference

© SHOBEIRI 2013
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Fig.2.16 The annotation and arrow icon allows for marking of the structures on the screen © SHOBEIRI 2013

for documentation or research purposes at a later
time (Fig. 2.15). Below the “eye icon” is the
annotation and arrow icon for writing and mark-
ing structures on the 3D volumes (Fig. 2.16).
The third icon on the left is the measurement
icon. You can obtain linear measurement, angle,
area, and volume measurements. When in the
measurement mode, additional icons appear on
the upper right side that allows to undo or delete
all your measurements (Fig. 2.17). The fourth
icon on the upper left of the screen is the sculpt-
ing icon. One can cut the structures out (Fig. 2.18)
or cut the inner structures (Fig. 2.19). Alternately,
a structure could be isolated all together
(Fig. 2.20). The next 4 icons on the middle left of

the screen are for taking snapshots, including the
wire frame, removing the personal data, and sav-
ing the volumes (Fig. 2.14). On the right side of
the screen, there are two icons for adjusting the
brightness and the hue. There is also an icon for
changing the volume color to soft yellow, blue, or
green (Fig. 2.21). On the bottom of the screen,
there are icons for opening files, obtaining ren-
dered views (Fig. 2.22). Volume render mode is a
technique for the analysis of the information
inside 3D volume by digital enhancing individual
voxels. It is currently one of the most advanced
and computer-intensive rendering algorithm
available for computed tomography and can also be
applied to high-resolution 3D US data volume.



Linear measurements

Volume measurements

Fig. 2.17 The measurement icon allows very useful functions such as angle, area, linear, or area/volume measurements
© SHOBEIRI 2013
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Fig.2.18 The sculpting icon opens a window with multiple capabilities. Here the puboanalis muscle is isolated.
U urethra, V vagina, A anus, PAM puboanalis muscle © SHOBEIRI 2013

Fig. 2.19 The sculpting icon opens a window with multiple capabilities. Here the minimal levator hiatus is cut out
leaving the surrounding levator ani muscles (LAM) © SHOBEIRI 2013



Fig. 2.20 The sculpting icon opens a window with multiple capabilities. Here everything but the puborectalis muscle
(PRM) is cut out © SHOBEIRI 2013

Fig. 2.21 The two icons on upper right side have toggle capabilities to adjust the brightness and the hue. The four-
colored circle controls the desired color. Here the image is colored in soft yellow © SHOBEIRI 2013

Fig. 2.22 The screen view of BK 3D software. The ren-  screen from left to right are open file, normal view,
dered endovaginal frame is seen in the center with control ~ rendered view, 4 shots, and 6 shots view © SHOBEIRI
icons all around it. The icons on the bottom left of the 2013
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Fig.2.23 The screen view of BK 3D software. The 6 shot view or the 6-up mode is a very useful tool as many functions

can be carried out simultaneously © SHOBEIRI 2013

The typical ray-/beam-tracing algorithm sends a
ray/beam from each point (pixel) of the viewing
screen through the 3D space rendered. The beam
passing through the volume data reaches the dif-
ferent elements (voxels) in the data set. Depending
on the various render mode settings, the data
from each voxel may be stored as a referral for
the next voxel and further used in a filtering
calculation, may be discarded, or may modify the
existing value of the beam. The final displayed
pixel color is computed from the color, transpar-
ency, and reflectivity of all the volumes and
surfaces encountered by the beam. The weighted
summation of these images produces the volume-
rendered view. The render mode is useful for
visualization of tapes and meshes that may seem
isoechoic due to dense tissue ingrowth. The dark
colors appear darker and the light colors appear
lighter in rendered mode and anything in between
has lesser intensity.

There are two icons that can give four or six
concurrent views on the screen (Fig. 2.23). This
is an interactive screen, and as the x, y, and z
planes are moved on the upper right, all the
other views adjust automatically to let the
viewer know exactly what they are viewing.
One important feature of BK 3D software is that
analysis is not restricted to axial, coronal,
and sagittal planes. The planes can be tilted

(Fig. 2.24) to follow the structures to their
insertion points. This corrects for any operator
error that may have occurred during acquisi-
tion. Multiple planes can be manipulated at
once (Fig. 2.25).

23  Multicompartmental
Ultrasonographic Techniques
2.3.1 Patient Positioning

During examination, the patient may be placed in
the dorsal lithotomy, in the left lateral or in the
prone position. The patient’s positioning depends
on cultural factors, local acceptable practices,
physician’s specialty, and equipment availability.
In the United States urogynecologists perform
pelvic examination in dorsal lithotomy position.
At our institution, the pelvic floor ultrasound
including endoanal examinations are performed
in dorsal lithotomy position. This position allows
symmetrical acquisition of ultrasound volumes
regardless of being done endovaginally or endoa-
nally [3, 4].

Imaging of the pelvic floor can be done in
one or combination of the following five steps
depending on the patient’s presenting symptoms
(Fig. 2.26).
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Fig. 2.24 One unique function of the BK software is the
capability to twist the planes to follow the structure in
axial, sagittal, or coronal planes. While twisting the planes
the wire frame turns red to denote the action. The urethra

(U), vagina (V), and the anus (A) are marked. The yellow
arrow points to the tilting of the frame in axial view ©
SHOBEIRI 2013

Fig. 2.25 Multiple functions can be performed at once.
Here the data volume that has been sculpted to cut out the
puborectalis muscle and isolate the puboanalis muscle

2.3.2 2D Transperineal
Functional Imaging

Indications: Enterocele, Rectocele, Cystocele,
Mesh, Slings.

The probe surface is covered with gel and a
nonpowdered glove or cover before it can be
placed on the perineum between the labia. The
symphysis pubis is seen anteriorly. Sequentially,
the urethra, vagina, and the anal canal and the
levator plate are seen anteriorly to posteriorly.
A good-quality image contains both the symphy-

(PAM) is rotated in right midsagittal view to show the
length of the urethra (U), vagina (V), and anus (A). PS is
the pubic symphysis © SHOBEIRI 2013

sis pubis and the levator plate. The scanning is
performed in the lithotomy position with a com-
fortable volume in the bladder. Generally if the
patient is asked to empty her bladder, by the time
scanning is started, sufficient volume is in the
bladder to differentiate the structures. High blad-
der volume may prevent prolapse from manifest-
ing itself. If needed, the patient can be asked to
stand up for scanning.

Bladder neck descent (BND) can be measured in
rest and maximum Valsalva; however, no defini-
tion of normal exists. Although funneling may be
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5 Step in 5 minutes US scanning protocol

D Transperineal 2D functional imaging

Endovaginal Anterior 180 degrees 3D
imaging, and 2D functional imaging

Endovaginal Posterior 180 degrees 3D
imaging, and 2D functional imaging

Endovaginal 360 degrees 3D imaging

Endoanal 360 degrees 3D imaging

Fig. 2.26 Five steps for performing pelvic floor ultrasound © SHOBEIRI 2013

seen during ultrasonography, no clear ultrasound
definition is available.

Transperineal ultrasound is most useful for
indirect assessment of pelvic floor function.
Measuring the distance from the symphysis
pubis to the levator plate gives the anterior pos-
terior (AP) measurement of the minimal levator
hiatus which can be measured at rest and in
Valsalva.

Different forms of cystocele can be identified,
but the cervix is difficult to appreciate due to its
hypoechoic nature. The imaging is very useful
posteriorly as a high rectocele can be differentiated
from a sigmoidocele and a low rectocele from a
perineocele.

The patient is asked to empty the bladder.
By the time you start imaging, she will have
enough urine in the bladder to make the blad-
der hypoechoic. You can use a glove or an
unlubricated ultrasound gel-filled condom/
probe cover. Place ample water-soluble gel on
the probe and place on the perineum or between
the labia while paying attention to the screen
(Fig.2.27). The probe is placed on the perineum

Fig. 2.27 The patient position and the 8802 probe position
during transperineal scanning © SHOBEIRI 2013

and between the labia (Fig. 2.28) such that the
image on the screen appears as if the patient is
standing up facing the right side of the screen
(Fig. 2.29). General guidelines for the settings
are shown in Table 2.7. You can obtain mea-
surements with resting, Valsalva and squeeze
for the distance from the edge of the pubic
symphysis to the edge of the levator plate that
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Fig. 2.28 This view demonstrates Incorrect positioning
as the starting 2D field of view should include pubic sym-
physis anteriorly and the anorectal angle posteriorly. The
field of view as demonstrated does not contain the pubic
symphysis, and as such the distance from the edge of the
pubic symphysis to the edge of the levator plate that cre-
ates the anorectal angle cannot be obtained. Depending on
the patient’s body habitus and pelvic floor laxity, the field
of view may need to be made larger

Posterior

LP

Transducer

Fig. 2.29 This view demonstrates CORRECT position-
ing as the starting 2D field of view includes the pubic
symphysis (S) anteriorly and the levator plate (LP) poste-
riorly. Also noted are the bladder (B), uterus (U), vagina
(V), and anorectum (R) © SHOBEIRI 2013

Table 2.7 Describes the sample steps for performing
transperineal 2D imaging using any abdominal probe
8802 transperineal imaging

Identify the 8802 transducer

Identify the probe orientation

Press the button on the side of the probe to activate the
probe

Set the depth at 6.7 cm

Set the resolution at 1/32 Hz

Place the transducer on the perineal area and obtain
sagittal view of the bladder, vagina, and the rectum
(including the midsagittal view of pubic symphysis)
Adjust the gain

Ask the subject to cough or bear down to visualize the
movement of anterior, apical, and posterior compartments

If you want the video clip of the action, press the DISK
button which records the action for the past 10 s

Ask the subject to “squeeze vaginal muscles or perform
Kegels” to visualize the movement of the levator plate

If you want the video clip of the action, press the DISK
button which records the action for the past 10 s

In this example an 8802 probe is used

creates the anorectal angle. This has been
shown to correlate well with levator function.

2.3.3 2D/3D Endovaginal Anterior
Compartment Imaging

Indications: Voiding dysfunction, Enterocele,
Cystocele, Location of mesh and slings, Anterior
vaginal masses and cysts, Fistulas.

There are two BK probes available for this
purpose, the 8848 (Fig. 2.30) and 8838
(Fig. 2.31). You can use an unlubricated ultra-
sound gel-filled condom/probe cover. Place
ample water-soluble gel on the probe and place in
the vagina (Fig. 2.32). 2D dynamic view of the
urethra and bladder comes to view (Fig. 2.33).
The measurement protocol for 8848 probe is in
Table 2.8. Measurements of the urethral struc-
tures or any visible mesh or sling can be obtained
(Fig. 2.34). Although bladder funneling can be
visualized, this may be impeded by the presence
of probe in the vagina [2, 5, 6].
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Fig. 2.30 8848 probe. Demonstrating 180° axial and
sagittal planes

Fig. 2.31 8838 probe. Demonstrating the 360° rotation.
The probe can be programmed to obtain 180° anterior or
posterior 3D volume acquisition if this is desired

Fig. 2.32 8848 probe vaginal placement. The probe is
generally advanced cephalad to the vesicourethral junc-
tion for image acquisition. Slight posterior pressure is
desired when patient is prompted to cough or Valsalva

2.3.4 2D/3D Endovaginal Posterior
Compartment Imaging

Indications: Defecatory dysfunction, Consti-
pation, Intussusception, Sigmoidocele, Entero-
cele, Rectocele, Perineocele, Mesh, Posterior
vaginal masses and cysts, Fistulas.

The same two BK probes, the 8848 and 8838,
used for anterior imaging can be used for poste-

rior imaging as well. You can use an unlubricated
ultrasound gel-filled condom/probe cover. Place
ample water-soluble gel on the probe and place in
the vagina (Fig. 2.35). 2D dynamic view of the
anal canal and the levator plate comes to view
(Fig. 2.36). The measurement protocol for 8848
probe is in Table 2.9. Measurements of the exter-
nal anal sphincter, internal anal sphincter, and any
visible mesh can be obtained (Fig. 2.37). If EAS
and IAS are abnormal by endovaginal ultrasound,
follow-up study by endoanal ultrasound should
be performed if the patient has anal incontinence.
Ask the patient to squeeze and Valsalva to visual-
ize any high rectocele, enterocele, sigmoidocele,
or intussusception. Visualization of a low recto-
cele may be impeded by the presence of probe in
the vagina.

2.3.5 3D 360 Endovaginal Imaging

Indications: Mesh, Vaginal masses and cysts,
Levator ani muscle subdivisions and defects.

3D endovaginal US may be performed with
2052 or 8838 probe or a radial electronic probe
(type AR 54 AW, frequency: 5—-10 MHz, Hitachi
Medical Systems, Japan) to be discussed in chap-
ter on emerging technologies. Since the Hitachi
probe is withdrawn by hand, the measurements
are not reliable (more about the Hitachi probe in
emerging technology chapter).

Before the probe is inserted into the vagina, a
gel-containing condom is placed over the probe.
Any air bubbles are removed by squeezing the
gel-filled condom downward (Fig. 2.38). Water-
soluble lubricant is placed on the exterior of the
cover, and the probe is advanced to the vesico-
urethral junction (Fig. 2.39). The probe should
be inserted easily and gently (Fig. 2.40). If any
pain is experienced, the procedure should be
stopped.

Using 2052 probe, the pubic symphysis and
the urethra are anterior, the levator ani lateral,
and the anus posterior (Fig. 2.39). Generally
starting the scanning from the vesicourethral
junction will continue 6 cm caudad to include
the perineal body (Fig. 2.41). The protocol for
scanning with 2052 probe is in Table 2.10. In
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Fig. 2.33 Composite of anterior compartment imaging
with 8838 probe. To the right the image as seen on
the screen is demonstrated. The probe is advanced to the

Table 2.8 Describes the sample steps for performing
endovaginal 2D/3D imaging using an 8848 probe

8848 endovaginal anterior imaging

Identify 8848 probe and attach the mechanical mover
Press the button on the probe to activate it

Confirm setting at 12 MHz

Insert the probe with the grooves on the transducer
pointing anteriorly

Identity the depth on the upper right-hand side of the
screen as 5.6 cm

Identify bladder, urethra, and the pubic symphysis
You can freeze the view and visualize periurethral
structures and obtain urethral measurements

Press the probe posteriorly and ask the patient to
Valsalva to visualize bladder neck funneling

Press the 3D button

Position the selection box on the screen to the desired area
for 3D acquisition

Identify the resolution as 1/34 Hz

Identify the extent at 179°

Set spacing at every 0.3°

Acknowledge the time needed for scanning

Push the 3D button on the machine to activate probe
rotation

This concludes 3D imaging of the anterior compartment

patients with perineal descensus, two overlap-
ping 3D ultrasound volumes may need to be
obtained. The 2052 probe generally obtains ade-
quate images of the anterior and posterior com-
partment, but since the 2D images are in axial
plane, dynamic imaging of the anterior and pos-
terior compartments cannot be performed. Also,
the sagittal images are less clear than the ones
obtained by 8838.

Using 8838 probe, the bladder and the urethra
are visualized in sagittal orientation on the
screen. Advance the probe until vesicourethral

Bladder

Probe in vagina

Pubis

Anterior

vesicourethral junction to visualize the full length of the
urethra © SHOBEIRI 2013

junction is visualized and follow the protocol on
Table 2.11. The probe rotates internally 360°
(Fig. 2.42). Not only the 8838 probe obtains
excellent views of anterior and posterior com-
partment, it has internalized rotational mecha-
nism and is capable of dynamic imaging of
anterior and posterior compartments. The levator
ani appears different from that of 2052, and the
views in axial view are pixelated. We run a protocol
of imaging 360° every 0.55° in 30.8 s to obtain
655 frames. Again it is important to keep the
hand and the elbow holding the probe steadied
on a support such as own knees or a cushion
while the other hand runs the controls on the
console (Fig. 2.43). During endocavitary imaging
the patients may be tempted to talk to alleviate
their anxiety. It is important to calm the
patients, let them know what is happening, and
share with them that during scanning their talking
and body movements may distort the desired
image acquisition [4, 7].

2.3.6 3D 360 Endoanal Imaging

Indications: Perianal masses and cysts, Perianal
fistulas, Anal sphincter injury.

3D endoanal US may be performed with
2052 or 8838 probes or a radial electronic probe
(type AR 54 AW, frequency: 5—-10 MHz, Hitachi
Medical Systems, Japan) to be discussed in
chapter on emerging technologies. Since the
Hitachi probe is hand drawn, repeatable mea-
surements may not be obtained.

Before the probe is inserted into the anus, a
gel-containing condom is placed over the probe.
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Fig. 2.34 The view of the left side of the anterior com-
partment: (a) histologic section, (b) drawing of the ante-
rior compartment structures, and (c) the left sagittal view
of the 3D EVUS cube with the structures marked. BL
bladder, CU compressor urethra, LCM longitudinal and
circular layer, P pubic bone, PCF pubocervical fascia,
SUG striated urogenital sphincter, TP trigonal plate, TR
trigonal ring, U urethra, UT uterus, V vagina, VT vesical
trigone. From © Shobeiri, [IUGJ

Fig. 2.35 8848 probe vaginal placement. The probe is
generally advanced until the perineal body is to the right
of the screen prior to image acquisition. Slight anterior
pressure is desired when patient is prompted to cough or
Valsalva

Any air bubbles are removed by squeezing the
gel-filled condom downward. Water-soluble
lubricant is placed on the exterior of the condom.
The probe should be inserted easily and gently.
If any pain is experienced, the procedure should
be stopped (Fig. 2.44). The probe is pushed to
the cephalad edge of the levator plate and the 3D
button is pushed on the console.

Using 2052 probe, the anterior aspect of the
anal canal is superior (12 o’clock) on the screen,
right lateral is left (9 o’clock), left lateral is right
(3 o’clock), and posterior is inferior (6 o’clock).
The length of recorded data should extend from
the upper aspect of the “U”-shaped sling of the
levator plate to the anal verge [8, 9].

Using 8838 probe, the probe is inserted until
the perineal body is anterior and to the right of
the screen. You will visualize the midsagittal
view of the rectovaginal septum as you advance
the probe (Fig. 2.40) and follow the protocol on
Table 2.11. The 8838 probe obtains excellent
views of the anal sphincter complex. However,
since there are no axial reference points and also
because the images appear rendered, it has a
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Fig. 2.36 Composite of posterior compartment imaging
with 8838 probe. To the right the image as seen on the
screen is demonstrated. The probe is advanced until the

Table 2.9 Describes the sample steps for performing
posterior compartment endovaginal 2D/3D imaging using
an 8848 probe

8848 endovaginal posterior imaging

Identify 8848 probe and attach the mechanical mover
Press the button on the probe to activate it

Confirm setting at 12 MHz

Insert the probe with the grooves on the transducer
pointing posteriorly

Identify the depth on the upper right-hand side of the
screen as 4.9 cm

Identify external anal sphincter, internal anal sphincter,
and the levator plate

Ask the patient to perform a Kegel to view levator plate
movement

Ask patient to first perform Valsalva to view
intussusception, rectocele, or inability to relax the levator
plate

Press the 3D button

Position the selection box on the screen to the desired
area for 3D acquisition

Identify the resolution as 1/34 Hz

Identify the extent at 179°

Set spacing at every 0.3°

Acknowledge the time needed for scanning

Push the 3D button on the machine to activate probe
rotation

This concludes 3D imaging of the anterior compartment

Probe in vagina

Levator plate

Posterior
EAS

Anal canal

perineal body/EAS complex is visualized to the right of
the screen © SHOBEIRI 2013

STP
IAS EAS-sq
EAS-n

R

EAS-m

Fig. 2.37 The view of the left side of the posterior
compartment: (a) histologic section, (b) drawing of the
posterior compartment structures, and (c¢) the left sagittal
view of the 3D EVUS volume with the structures
marked. EAS-m external anal sphincter main section,
EAS-n external anal sphincter notch, EAS-sq external
anal sphincter subcutaneous section, /AS internal anal
sphincter, /AS-L internal anal sphincter length, IAS-T
internal anal sphincter thickness, R rectum, RS rectovagi-
nal septum, STP superficial transverse perinei, V vagina.
From © Shobeiri, ITUGJ
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Fig.2.38 Application of
probe cover to a 2052
probe. Adequate removal
of air bubbles is manda-
tory. Ample gel is applied
to the outside of the cover
© SHOBEIRI 2013

Fig.2.39 2052 probe
vaginal placement. The
probe is generally advanced
until the vesicourethral
junction is viewed. Pressing
the 3D button will obtain a
serious of axial images
which will be packaged as a
3D volume
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Fig.2.40 Correct placement of an endovaginal probe. The hand is kept steady and the arm is placed on the knee or an
elbow rest while the 3D volumes are being obtained © SHOBEIRI 2013

moderate learning curve. While with 2052 the
axial images are displayed on the screen and the
operator has an idea about the integrity of the
anal complex, with 8838 the data volume has to
be manipulated after data acquisition to obtain
useful information. 8838s internalized rotational
mechanism and good tissue penetration may
visualize the entire levator ani muscle as long as
there is no air in the rectum and if some gel is
placed in the vagina (Fig. 2.45). However, if
avulsion of the levator ani is the point of inter-
est, an anal probe will place the operator further
from the site of defect which is the site of
the levator ani attachment to the pubic bone.

The levator ani also may appear different from
that of 2052 and the views in axial view are pix-
elated. With either 2052 or 8838 probe used
endoanally, the images appear similar (Fig. 2.46)
(in publication).

24  Summary

Ultrasound visualization of pelvic floor struc-
tures requires a multicompartmental approach.
Knowledge of anatomy, functionality of different
probes, and capabilities of ultrasound machine used
is essential for acquisition of meaningful images.
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STP

Fig. 2.41 Levator ani subdivisions seen at different lev-
els. Midline structures are identified in lateral views with
corresponding colors in the picture inserts at the upper left
corner of the ultrasound images at each level. The relative
position of levator ani subdivisions during ultrasound
imaging: levels 1A-3D are identified in the figure insert.
The green vertical line in the insert corresponds to the
relative position in the vagina where the image is obtained.
(a) Level 1A: at O cm, the first muscle seen is superficial
transverse perinei (STP) (green) with mixed echogenicity.
(b) Level 1B: immediately cephalad to superficial trans-
verse perinei is puboperinealis (PP) (yellow) that can be
traced to pubic bone (PB) with manipulation of 3D vol-
ume. It comes in at a 45° angle as a mixed echoic band to
join the perineal body. Lateral to it, the puboanalis (PA) is
seen as a hypoechoic triangle (pink). (¢) Level 2A: this
level marks the attachment of the muscles to the pubic

arch. The external urethral meatus (U) is visible (dark
red). Puboperinealis and puboanalis insertions are high-
lighted. The anus (A) is marked. (d) Level 2B: (PV) pubo-
vaginalis (blue) and (PR) puborectalis (mustard) insertion
come to view. The urethra and the bladder are outlined
(red) in the lateral view. (e) Level 2C: the heart-shape
vaginal sulcus (outlined in red) marks the pubovaginalis
insertion. (IC) Iliococcygeus fibers (red) come into view.
Perineal body is outlined in the lateral view. (f) Level 2D:
puboanalis is starting to thin out. Puborectalis is seen in
the lateral view. (g) Level 3A: puboperinealis and puboa-
nalis become obscure. Anatomically, puboanalis becomes
a thick fibromuscularis layer forming a tendineus sheet,
rectal pillar (RP). Perivesical venous plexus (VP) are
prominent  (purple). Rectovaginal fibromuscularis
(RVFM) is shown (green) in sagittal view as a continuous
mixed echogenic structure approaching the perineal body
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Table 2.10 Describes the sample steps for performing
endovaginal 3D imaging of the pelvic floor using a 2052
probe

2052 endovaginal 360° imaging

Identify the 2052 transducer

Set the depth at 3.9 cm

Press the button on the probe to activate the transducer
Press the 3D button

Insert the probe to the 5-6 cm mark at the hymenal level
Visualize the vesicourethral junction

Identify the extent as 60 mm and the spacing at 0.2 mm
Confirm the time required for scanning

Press the 3D button

Maximize the box to be scanned to the desired position
Press the 3D button

Keep your hand steady and level while performing the ultra-
sound imaging

Table 2.11 Describes the sample steps for performing
endovaginal anterior, posterior, and lateral 3D imaging of
the pelvic floor using an 8838 probe

8838 endovaginal anterior, posterior, lateral imaging
Identify 8838 probe
Press the button on the probe to activate it

Identify the depth on the upper right-hand side of the
screen as 5.6 cm

Identify bladder, urethra, and the pubic symphysis and
withdraw the probe until vesicourethral junction is
visible to the left side of the screen

Set imaging for every 0.55°

Set the rotation at 360°

Press the 3D button

Position the selection box on the screen to the desired
area for 3D acquisition

Acknowledge the time needed for scanning

Push the 3D button on the machine to activate probe
rotation

Keep the hand steady and level while performing the
ultrasound imaging

If the patient has perineal descensus, the perineal body
may not be included in your 3D volume. Withdraw the
probe slightly and redo the steps

This concludes 3D imaging of the anterior, posterior, and
lateral compartments

<

Fig. 2.42 8838 probe vaginal placement. The probe is
generally advanced until the vesicourethral junction is
viewed. Pressing the 3D button will obtain radial images of
the pelvic floor which will be packaged as a 3D volume

Fig. 2.41 (continued) and laterally attaching to RP. (h)
Level 3B: rectal pillar (orange) is easily seen. The iliococ-
cygeus becomes prominent and widens. (i) Level 3C: the
iliococcygeus widens further and inserts into arcus ten-
dineus fascia pelvis (ATFP). (j) Level 3D: puborectalis

and fade out of view. Puborectalis (mustard) and iliococ-
cygeus (red) are outlined in the lateral view showing their
entire course. Adapted from © Shobeiri, Obstet and
Gynecol 2009
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Fig. 2.43 Correct two handed operation of the probe and the machine © SHOBEIRI 2013

Fig.2.44 Advancement of an endoanal probe requires initial acute angle entry. Subsequently the hand to be readjusted
such that the ultrasound rays are perpendicular to the external anal sphincter fibers
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Fig.2.45 8838 view of the perineal area upon anal entry.  rectovaginal fascia (RVF), vaginal epithelium (VE),
The external anal sphincter (EAS), internal anal sphincter  urethra (U), and the vagina are marked (V) © SHOBEIRI
(IAS), probe in the anorectum (T), anal mucosa (AM), 2013
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Fig. 2.46 Endoanal views of the levator plate and anal
complex at different levels. The images to the right are
from 8838 and the ones to the left from 2052. The axial
images are placed side by side at levels 1-6 for comparison.
1. The subcutaneous part of the EAS is visualized with #
mark. 2. The first hyperechoic layer, from inner to outer,
corresponds to the interface of the probe with the anal
mucosal surface; the second hyperechoic layer adjacent to
the probe is the subepithelial tissue. Immediately adjacent
to it is the internal anal sphincter (IAS) marked with *.

S.A. Shobeiri

Mid-sagittal 8838

The TAS merges with the circular muscle of the rectum,
extending from the anorectal junction to approximately
1 cm below the dentate line. 3. The fourth main part of
EAS is marked with &. 4. The winged portion of the EAS
is marked with W. The longitudinal muscle (LM) has mixed
echogenicity and is marked with A. 5. The puborectalis
fibers are seen winging out marked with L. 6. The levator
plate fibers are seen winging out marked with LP
© SHOBEIRI 2013
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Instrumentation and Techniques
for Translabial and Transperineal
Pelvic Floor Ultrasound

Milena Weinstein and S. Abbas Shobeiri

Learning Objectives

1. To describe 2D and 3D sonographic
anatomy of the pelvic floor structures

2. To understand the transperineal and
translabial ultrasound technique with
transducer position and image orienta-
tion and optimization

3. To provide overview of angles and mea-
surements in transperineal and transla-
bial pelvic floor US

4. To appreciate role of transperineal and
translabial pelvic floor US in pelvic
floor disorders

3.1 Introduction

Pelvic floor disorders include pelvic organ
prolapse (POP) urinary and anal incontinence
(UI and AI). Pelvic floor disorders have high
prevalence in women of all ages [1]. Pelvic floor
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disorders may also manifest with myriad of uri-
nary, defecatory, and pain symptoms. At times the
symptoms of pelvic floor disorders and clinically
observed findings do not correlate [2]. Imaging
techniques have increased our understanding of
pelvic floor disorders by providing more insight
into pathophysiology of these conditions and
enhancing clinical assessment. Imaging studies
that are used to further understand pelvic floor
disorders are defecography or dynamic fast-field
magnetic resonance imaging (MRI) [3].

Defecography can demonstrate interaction of
rectal evacuation with the other pelvic viscera
and presumed relationship of pelvic musculature,
but it requires multi-organ opacification and
exposure to radiation [4]. Dynamic MRI imaging
obtains high-resolution pelvic structures images;
however MRI is an expensive and not widely
available technique requiring radiology exper-
tise. Furthermore provocative maneuvers for
dynamic MRI are usually performed in non-
physiologic positioning [3].

For the purposes of this chapter the ultrasound
performed by placing an abdominal 2D/3D/4D
probe between the labia to obtain pelvic floor
volumes is referred to as Trans Labial Ultrasound
(TLUS). The ultrasound performed by placing a
2D/3D/4D endovaginal ultrasound probe on the
perineal area will be called Transperineal
Ultrasound (TPUS). There is quite an overlap in
terminology where TPUS and TLUS are used
interchangeably. Transperineal ultrasound (TPUS)
has been used for the past 25 years to assess the

S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 45
to 2D/3D/4D Ultrasonography of Pelvic Floor, DOI 10.1007/978-1-4614-8426-4_3,
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anatomy and physiology of the genitourinary tract
[5-7]. TPUS provides noninvasive static and
dynamic visualization of pelvic anatomy with use
of easily accessible ultrasound platforms [8].
Despite the ease of use and long history pelvic
floor ultrasound still remains mostly experimental
technique with many possible applications in clin-
ical practice. Large body of TPUS literature has
emerged in the last decade making progress in
developing the TPUS technique in investigation of
pelvic floor disorders; however still much work is
needed to standardize imaging terminology and
outcome measures [9]. TPUS can investigate
pelvic floor anatomy and function in variety of
pelvic floor disorders, including UI, POP, and Al
and can be used as an adjunct to pelvic muscle
training. This chapter will focus on practical
aspects of transperineal ultrasound techniques,
pelvic floor biometry, and application of ultrasound
in investigating different pelvic floor conditions.

3.2 Translabial Ultrasonography
3.2.1 2D Translabial
Ultrasonography

Regardless of the intention to perform 3D
Translabial Ultrasound (TLUS), Transperineal
Ultrasound (TPUS) vs. a 3D Endovaginal
Ultrasound (3D EVUS) or a 3D Endoanal
Ultrasound (3D EAUS), the imaging should
always start with a 2D overview of the pelvic
floor in midsagittal view. In the case of a TLUS
or TPUS, regardless of the machine used, the
probe will be capable of obtaining a 2D view of
the pelvic floor. The orientation on the screen
will vary depending on the machine and the
setting. In case of multicompartmental imaging
with BK Ultraview or Flexfocus, an 8802 probe
is used (Fig. 3.1). The transducer is placed
between the labia majora with the on screen
view that includes the pubic symphysis to the
right of the screen and the anorectal angle to the
left. In resting position you can see location of
mesh and synthetic slings, but if you cannot see
them, you may investigate further with 3D or
4D imaging. You may also notice the patient’s
resting prolapse. Although the 2D imaging can

M. Weinstein and S.A. Shobeiri

Posterior

LP

Transducer

Fig.3.1 This view demonstrates CORRECT positioning
as the starting 2D field of view includes the pubic sym-
physis (S) anteriorly and the levator plate (LP) posteriorly.
Also noted are the bladder (B), uterus (U), vagina (V),
anorectum (R) © SHOBEIRI 2013

be done with stage 3 or 4 POP-Q defects, it will
necessitate pushing the prolapse back in and the
utility of imaging for indication of advanced
prolapse alone is questionable. Imaging of the
pelvic floor structures may be easier with endo-
vaginal imaging precisely because the prolapse
can be pushed in to look at the muscles. The
patient is asked to perform the following
maneuvers: (1) the patient is asked to squeeze
her muscles. Observing a pelvic floor muscle
contraction on ultrasound provides visual bio-
feedback to the patient and can be used for
pelvic floor muscle training and for quantifica-
tion of pelvic floor muscle activity. In the mid-
sagittal plane, a cranioventral shift of the pelvic
organs is observed as well as a narrowing of
the levator hiatus and changes in bladder neck
position.

Many patients may not know what you mean
or what to do. So, you have to be specific finding
phrases that are familiar to the patient such as
please do a kegal or pretend you are holding your
urine. This maneuver shows if the patient is dis-
coordinated. Generally, a normal patient has a
strong resting tone and the levator lifts slightly
vs. a patient who has weak pelvic floor can move
the levator plate to a longer distance but cannot
reach normal woman’s resting position (Fig. 3.2).
(2) The patient is asked to perform Valsalva. You
can say “bear down as if you are trying to have a
bowel movement.” It is important that this is the
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Cranial &7em

Posterior

Transducer

Fig. 3.2 The distance between the pubic symphysis and
the levator plate (the yellow line) can be measured in rest-
ing, squeeze, and Valsalva position. In 2D images a pelvic
floor muscle contraction can be quantified using displace-
ment of the bladder neck, as well as a reduction of the
midsagittal diameter (antero—posterior, AP) of the leva-
tor hiatus at the level of minimal hiatal dimensions
© SHOBEIRI 2013

last thing you would ask the patient to do since if
she has gas in the upper rectum, it may move
down and obscure the 3D images you mean to
obtain. If this happens you can ask the patient to
perform Valsalva again and the gas and prolapse
may move up cephalic. Much important informa-
tion may be obtained with Valsalva. Rectocele
(Fig. 3.3), enterocele or most commonly sig-
moidocele (Fig. 3.4), cystocele (Fig. 3.5) or mul-
ticompartmental defects may come to view with
Valsalva maneuver. Dynamic imaging with
Valsalva shows the movement of slings and
meshes and may show the point of defects above,
below or lateral to the mesh (Figs. 3.6 and 3.7).
More about this is discussed in chapter about
imaging of meshes.

3.2.2 3D/4D Translabial
Ultrasonography (TLUS)

Three- and four-dimensional ultrasound has
increased public interest in pelvic floor tremen-
dously. The superficial axial plane faces the
puborectalis portion of the levator ani, and all
the levator subdivisions are better imaged by

Fig.3.3 Translabial imaging with Valsalva in this patient
demonstrates a low rectocele (R). The bladder (B) does
not demonstrate prolapse, however the shadow of an api-
cal enterocele (E) is seen. Also noted are: the levator plate
(LP), vagina (V), the transducer (T), and the pubic sym-
physis (S) © SHOBEIRI 2013

Fig.3.4 Translabial imaging with Valsalva in this patient
demonstrates a sigmoidocele (Si). Also noted are: the
levator plate (LP), anus (A), bladder (B), vagina (V), the
transducer (T), and the pubic symphysis (S) © SHOBEIRI
2013

endocavitary transducers such as BK 2052 or BK
8838. However, endocavitary transducers impede
Valsalva maneuver. Although the quality of
translabial 3D/4D US are reasonable, the endocav-
itary transducers used transperineally have much
higher resolution and may give better images.

If you have a BK ultrasound machine, the
8802 transducer is capable of free hand acquisi-
tion of 3D volumes (Figs. 3.8 and 3.9). However,
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freehand acquisition with 8802 is only advisable
if you do not possess a 2052 or 8838. Performing
freehand acquisition of a Translabial 3D volume
(1) takes considerable skill to move the trans-
ducer at a constant speed as it sweeps radially
from the patient’s right to left. (2) The acquired
3D volume is not repeatable or reliable for mea-
surement purposes and most importantly (3) if
you have endocavitary 16 MHz transducers at
your disposal which obtains automatic high-

Fig.3.5 Translabial imaging with Valsalva in this patient
demonstrates a concomitant cystocele (C) and a rectocele
(R). Also noted are: vagina (V), the transducer (T), and
the pubic symphysis (S) © SHOBEIRI 2013

Resting

Fig.3.6 Translabial imaging of a patient with anterior and
posterior vaginal mesh. The anterior mesh cannot be seen
as clearly. The image to the left is at rest. The double arrows
point to the cephalad end of the mesh, and the single arrow
points to the caudad end of the mesh. A resting rectocele
(R) is seen behind the mesh. The image to the right is with

M. Weinstein and S.A. Shobeiri

resolution views of the levator ani muscles, it
obviates the need for freechand translabial

acquisition.

The most commonly published data comes
from GE machines. Phillips, Hitachi, and others
make similar or superior machines. However,
GE’s 4D View is available for offline analysis

Fig. 3.7 Translabial imaging of a patient with anterior
vaginal mesh. The image is with Valsalva. With Valsalva
the patient demonstrates a cystocele (C) and detachment
of the apical part of the mesh. The double arrows point to
the cephalad end of the mesh, and the single arrow points
to the caudad end of the mesh. Also noted are: the levator
plate (LP), bladder (B), the transducer (T), and the pubic
symphysis (S) © SHOBEIRI 2013

Valsalva

Valsalva. With Valsalva the patient demonstrates worsening
of the rectocele and detachment of the apical part of
the mesh. Also noted are: the levator plate (LP), bladder
(B), the transducer (T), and the pubic symphysis (S)
© SHOBEIRI 2013
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and use with 4D ultrasound volumes obtained
using GE’s Voluson series systems. The cheapest
and most easily available system is Voluson e or i
(Fig. 3.10). Despite its compact size the system is
very capable when used with a RAB4-8-RS
transducer (Fig. 3.11). The systems where devel-
oped and designed to visualize fetus’ surface
structures and adapted for pelvic floor imaging.

Fig. 3.8 The use of BK 8802 transducer for freehand
acquisition of 3D volumes. The transducer is placed
between the labia majora and swept at a constant rate from
the patient’s left to right. The time during which imaging
is obtained can be set. However slower acquisition will
result in higher quality 3d volumes © SHOBEIRI 2013

Fig. 3.10 A GE Voluson e ultrasound machine
© SHOBEIRI 2013

Fig. 3.9 (a) A 3D volume obtained using BK 8802
transducer. The 3D volume can be rotated to look at dif-
ferent areas. (b) Demonstrated is the right sagittal view
of the pelvic floor. The anterior-posterior (AP) distance
defined as the shortest distance between the pubic
symphysis and the levator plate is drawn in a yellow line.

The AP line forms the AP line of the minimal levator
hiatus (MLH) in (c). Also noted are: the levator plate
(LP), bladder (B), the transducer (T), anorectum (R),
anterior (A), posterior (P), caudad (C), the left-right line
(LR) of the MLH, the levator ani muscle (LAM), and the
pubic symphysis (PS or S) © SHOBEIRI 2013
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Fig. 3.11 A GE RAB4-8-RS transducer © SHOBEIRI
2013

Fig.3.12 A GE RIC5-9W-RS transducer

GE Kretz 4D view allows manipulation of image
characteristics and output of stills, cine loops and
rotational volumes in bitmap and AVI format.
Slightly higher resolutions can be obtained if the
endocavitary RIC5-9W-RS is used on the
perineum (Fig. 3.12). The characteristics of these
transducers are shown in Table 3.1.

The GE transducer is placed between labia
majora and the 2D image as outlined above is dis-
played on the screen. Depending on the setting of
your machine the image orientation may be dif-

ferent. We place the ultrasound machine to the
patient’s left and operate the probe with the left
hand (Fig. 3.13) which leaves the right hand
available for running the console (Fig. 3.14).
Once you have the appropriate 2D view, maxi-
mize the angle of acquisition to 75°-85° and pro-
ceed with 3D imaging (Fig. 3.15). During or after
acquisition of volumes it is possible to process
imaging information into slices of predetermined
number and spacing, reminiscent of computer
tomography. This technique has been termed
Tomographic Ultrasound Imaging (TUI) by man-
ufacturers. The combination of true 4D (volume
cine loop) capability and TUI allows simultane-
ous observation of the effect of maneuvers. Using
this methodology, the minimal levator hiatus
(MLH), defined in the midsagittal plane as the
shortest line between the posterior surface of the
symphysis pubis and the levator plate as the plane
of reference, with 2.5 mm steps recorded from
5 mm below this plane to 12.5 mm above.

3.3 GEA4D View Software

The software is available on the GE machines
and also through “Voluson club” for Voluson
Ultrasound machine purchaser. Separate licenses
for the software are expensive and not available
to those who do not have a machine.

3.4 2D/3D/4D Transerineal
Ultrasonography (TPUS)
3.4.1 BasicProcedure and

Equipment

Ultrasonography has become a common place in
Obstetrics, Gynecology, and Urology. Most ultra-
sound platforms are equipped with curved array
and/or endovaginal transducers which are suit-
able for transperineal ultrasound imaging.

Positioning

As with gynecologic ultrasound most TPUS
exams are performed with the woman in either
lithotomy in a standard gynecologic examination
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Table 3.1 Characteristics of GE RAB4-8-RS used for translabial ultrasound, and RIC5-9W-RS used for transperineal

ultrasound
N > Real time 4D convex
)v . RAB4-8-RS transducer
Real time 4D endocavity
Next generation real time 4D
/ - RIC5-9W-RS micro-convex endocavitary

transducer, with wide FOV

P

Fig.3.13 Left-handed application of the transducer dur-
ing Translabial ultrasonography © SHOBEIRI 2013

Fig. 3.14 The dominant hand generally operated the
console. Unlike BK console, the GE Voluson e buttons
on the console are multifunctional, and their function
corresponds to the menu at the bottom of the screen
© SHOBEIRI 2013

table or in a modified lithotomy position with
cushion placed under buttocks and lower extrem-
ities in frog-legged position. For 3-dimensional
imaging the examiner may also need to prop their
arm or elbow as the imaging capture time can be
as long as 15-20 s and the absolute stillness is
critical for the optimal image quality. It is certainly

63.6x37.8 mm 2-8 MHz 70°,V ‘Voluson i
85°%70°

22.4x22.6 mm 4-9MHz 146°,V Voluson i
146°x 120°

Fig. 3.15 3D pelvic floor volume acquisition with GE
RAB4-8-RS transducer. The internalized mechanism in
the probe moves the crystals obviating the need for hand
movement. The hand and the elbow should be rested in a
steady position for good quality imaging. The volume
obtained is displayed on the screen © SHOBEIRI 2013

possible to do the TPUS with a patient standing,
which could be especially useful in patients who
are not as successful with dynamic maneuver in
supine position.

Transducers and Probes

Transperineal ultrasound refers to ultrasound
performed with the transducer position on the
perineum. There are techniques described in lit-
erature that use translabial ultrasound, i.e., trans-
ducer is placed on the labia majora. Term introital
ultrasound [10] is also used where transducer is
placed at the vaginal introitus or posterior four-
chette. The common denominator for all those
techniques is placement of transducers externally
on the patient’s vulva rather than introduction of
the transducer into vagina or anal canal. For the
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Fig. 3.16 Transperineal ultrasound of the anorectal
structures: (a) schematic of endovaginal transducer posi-
tioned on the perineum and oriented caudally to visualize

purposes of this chapter we will focus on
transperineal ultrasound and mention other types
of ultrasound where appropriate for specific stud-
ies. TPUS imaging can be performed with use of
either trans-abdominal curvilinear transducers or
with endovaginal transducer that is typically used
for endovaginal gynecologic ultrasound. Curved
array transducer is typically 4-8 MHz, whereas
endovaginal transducers have frequencies up to
9.0 MHz. It is important to keep in mind that
higher frequency transducers provide superior
resolution, but have less tissue penetration. This
trade-off is important for achieving images of
diagnostic quality. For the purposes of this chap-
ter, ultrasound performed with curved array
transducers will be referred to as translabial
ultrasound (TLUS) as the transducer is placed
over the labia majora to visualize anatomic struc-
tures. With use of endovaginal transducer the
transducer is mostly placed on the perineum or at
the posterior fourchette and thus we will refer to
it as transperineal ultrasound (TPUS). There is no
agreement in nomenclature for these techniques.

Preparation

For transperineal ultrasound as with any ultrasound
imaging use of coupling gel is a critical step as
ultrasound waves do not pass through air. Whether
trans-abdominal or endovaginal transducers are
used the gel should be placed between the trans-
ducer and covering. For endovaginal transducers a
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Perineal body

—

—

Anorectal angle

anorectum; (b) 2D transperineal sagittal image of the ano-
rectum with perianal body easily visualized as an ovoid
structure and anorectal angle marked

disposable cover (e.g., male condom) and for
curved trans-abdominal transducer glove or plastic
wrap can be used. Additionally gel should be
applied to the perineum to allow for better cou-
pling. Warming the gel in a commercial warming
device improves patient comfort. After each use,
transducers should be cleaned and disinfected
according to manufacturer recommendations.

3.4.2 Transperineal Ultrasound
Orientation and Optimization

2D:Technique—Orientation

Different techniques have been described for
transperineal and translabial pelvic floor imag-
ing. Some investigators use a curved array
transducer (4—-8 MHz abdominal probe) [11-13].
The transducer oriented vertically with a mark
(i. e., a groove or ridge on one side of the ultra-
sound transducer) facing up and placed firmly
against symphysis pubis. The transducer can be
placed on the labia or with labia parted. With the
transperineal technique an endovaginal trans-
ducer is placed on the perineum with a mark fac-
ing up. In this chapter all the TPUS images are
captured with endovaginal transducer. The image
optimization depends on the goal of desired
visualization. With imaging of the pelvic floor
muscles and levator hiatus the transducer is
directed cranially (Fig. 3.16a, b) with imaging of
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Fig. 3.17 Transperineal ultrasound of the pelvic floor
hiatus: (a) schematic of endovaginal transducer posi-
tioned on the perineum and oriented cranially to visualize

the anorectum the transducer is usually oriented
posteriorly towards the anal canal [14] (Fig. 3.17a, b).
Care should be taken to avoid excessive pressure
applied to the perineal structures. Most investiga-
tors advise to assure tissue contact enough to
visualize anorectal structures avoiding any exces-
sive pressure on the perineum. Compression of
perineum may distort perineal anatomy and limit
mobility of the pelvic floor during dynamic
maneuvers.

In transperineal pelvic floor imaging the trans-
ducer is most commonly oriented with the mark
facing up (12 o’clock position) with midsagittal
orientation. The produced 2D image will repre-
sent anterior structures (pubic symphysis and
urethra) at the left portion of the screen and the
posterior structures (anorectum) at the right side
of the screen (Fig. 3.17b). The 2D image pro-
duced by TPUS imaging allows for visualization
of the urethrovesical junction (UVJ), anorectal
angle, structures of the anal sphincter complex.
This view can be used to observe pelvic floor
mobility during pelvic floor maneuvers, like pel-
vic floor contraction (Kegel’s exercise) and dur-
ing straining.

In the midsagittal view the structures seen
from left to right: pubic symphysis, urethra and
bladder, vagina and anorectum. On the midsag-
ittal view the pubic symphysis cross-section is
usually oblong and bony structures of the pubic
rami are not visible. Next, anterior and posterior

the pelvic floor hiatus; (b) 2D transperineal sagittal image
of the pelvic floor hiatus with pubic symphysis and ano-
rectal angle shown

urethral walls are delineated against periurethral
tissues. Usually urethral mucosa and submucosa
are imaged as a universally hypoechoic struc-
ture that appears as an open lumen. Vagina is
usually seen as a collapsed structure, where
vaginal walls are not clearly separated by ultra-
sound. Anorectum is seen as outline of
hypoechoic internal anal sphincter (IAS) against
the midline anal mucosa, which is usually echo-
genic with variable echogenicity due to fold of
anal mucosa. Hyperechoic external sphincter
surrounds the hypoechoic internal sphincter.
The anorectal angle is normally easily visual-
ized and changes with dynamic maneuvers of
the pelvic floor muscles. Cross-section of the
puborectalis muscle (PRM) is seen posterior to
the anorectal angle.

3D TPUS: Technique

Three-dimensional (3D) ultrasound refers to
two-dimensional static display of three-dimen-
sional data. For acquiring and rendering 3D
ultrasound dataspecial transducers and software
are needed. The 3D ultrasound dataset is
referred to as “volume.” To obtain 3D ultra-
sound the transducer is held in the stationary
position at the perineum during acquisition of
the volume. The scanning angle is usually set to
the widest available—depending on equipment
this could be between 120° and 180°. The acqui-
sition time depends on set image quality and
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varies between 2 and 15 s. The patients are
usually instructed to hold her breath (or use
shallow breathing) through the volume acquisi-
tion phase as any motion can introduce a motion
artifact. For the static 3D volume acquisition the
quality of acquisition (acquisition time) should
be maximized for best quality images. The
faster scanning modes usually compromise
quality of image but can be useful during
dynamic maneuvers. When 3D volumes of
dynamic maneuvers are obtained the image
quality could be sacrificed for faster acquisition
since the subject has to sustain the dynamic
state for the length of the acquisition. The
dynamic conditions most commonly used for
the imaging included pelvic floor contraction
and the Valsalva maneuver. When acquiring vol-
umes during the dynamic imaging the position
of the transducer at rest may need to be adjusted
to allow for the capturing of the dynamic state.
The best imaging is achieved by assuring that
patients maintain the dynamic state without
movement. Any movement from operator or the
subject can introduce motion artifact.

3D TPUS: Pelvic floor hiatus—
Orientation, Optimization,

and Rotation

To capture transperineal 3D US volume of the
pelvic floor hiatus and the surround levator ani
muscles the transducer placed on the perineum
and the ultrasound beam is directed in the cra-
nial direction (Fig. 3.17). The field of view is
optimized by identifying the symphysis pubis
on the left of the screen and the anal canal on
the right side of the screen [15]. The operator
should also maximize the midline alignment
with assuring that the urethra is also visible in
this view. After capturing the volume images
can be stored on a compact disk or drive and
assessed offline. The offline post possessing is
done with equipment-specific software—this is
usually proprietary software that allows rota-
tion of the volume, thick and thin slicing of the
volume, and multiple measurements. During
the post-processing of volumes the 3D static
images are rotated to be displayed in a sym-
metric orientation in the three orthogonal
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planes: coronal sagittal and transverse planes.

A cursor dot is located in corresponding

positions in all three orthogonal planes. A cur-

sor dot allows for the exact position of an
anatomical structure to be identified simultane-

ously in the three orthogonal planes (Fig. 3.18).

One of the standardized rotation techniques

described is demonstrated in the serial figures

[15] (Fig. 3.19a—e).

1. The transverse (axial) 3D volume is rotated
approximately 90° clockwise in the plane of
the PRM for an appropriate anterior-posterior
(AP) orientation of the image. (The plane is
defined as a line joining the inferior border of
the pubic symphysis and the apex of the ano-
rectal angle.)

2. The cursor dot is placed in the area of the
pubic bone that allows the symphysis pubis to
come into view on the coronal view.

3. The coronal image is then analyzed millimeter-
by-millimeter to identify and mark the loca-
tion where the 2 pubic rami meet to form the
inferior border of the symphysis pubis.

4. The sagittal plane is then rotated to align the
inferior border of the symphysis pubis with
the apex of the anorectal angle, noting that
this allows the PRM to come into the full view
on the transverse (axial) plane.

After post-processing rotation the pelvic floor
hiatus is visualized in the transverse (or axial)
plane. The visualization of the hiatal structures
can be further optimized by tomographic func-
tion where the volume is sliced with predeter-
mined thickness to visualized structures at
different levels. The rendering function can also
further assist in visualization of the specific anat-
omy. This “thick slice” technique is usually set at
the thinnest slice ~1 cm. The normal appearance
includes pubic rami and symphysis and the
midline positioned urethral cross-section. The
cross-section of the vagina normally has “butter-
fly” or H-appearance, which is due to lateral vag-
inal attachments of the vagina to the endopelvic
connective tissues—to the arcus tendentious
anteriorly and the posterior arcus posteriorly. The
cross-section of the anal canal is also seen. The
PRM surrounds the pelvic floor forms the most
distal portion of the levator hiatus (Fig. 3.19¢).
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Fig.3.18 Transperineal static 3D volume processed to demonstrate the relationship of the three orthogonal planes—
coronal, sagittal, and axial. The cursor dot seen in each plane represents the exact same spot in each plane

3.5 Transperineal Ultrasound
and Pelvic Floor Disorders
3.5.1 Pelvic Floor Biometry with

TLUS/TPUS

Multiple TLUS/TPUS pelvic floor biometry
measurements are described in the literature. The
lower edge of the pubic symphysis, UVJ, and the
anorectal angle are the most common used refer-
ence points in transperineal imaging. The biom-
etry can be performed at rest and during dynamic
maneuvers.

For assessment of bladder neck position and
mobility in the sagittal plane variety of measure-
ments have been described with use of 2D TPUS.
In 1995 Schaer et al. [7] described a coordinate
system for bladder neck and urethral mobility

ultrasound appearance. X-axis determined by a
straight line through the central portion of the
pubic symphysis. The Y-axis is perpendicular to
the x-axis at the lower border of the symphysis.
The urethrovesical angle or the UVJ is measured
by creating a perpendicular line from the X-axis
on the image, and following this line to the mar-
gin of the bladder base when the patient is at rest
[7]. The most common index in assessment of
bladder neck position and urethral mobility are
the urethral height (H), which is defined as the
distance between the lower edge of the pubic
symphysis and the bladder neck [10] (Fig. 3.20).
The location of the symphysis is defined as an
imaginary line drawn through the lower edge of
the pubic symphysis. In addition, posterior ure-
throvesical angle can be measured. This is the
angle between the urethral axis and the bladder
floor. These indices can be measured at rest
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Fig. 3.19 3D TPUS—volume post-processing step-by-
step: (@) transperineal ultrasound of the pelvic floor hiatus
with the sagittal acquisition plane—sagittal plane optimized
by visualizing the pubic symphysis and the anorectal angle;
(b) volume is rotated to orient the axial plane upright. The
multiplanar of the 3D transperineal volume shown with
coronal, sagittal, and axial (transverse) planes identified; (c)
the cursor dot is moved in the axial (transverse) plane in the
area of the pubic symphysis. The pubic rami and pubic sym-
physis are visible in the coronal plane. The dot-marker is

positioned on the pubic symphysis; (d) in the sagittal plane
the volume is rotated to align the pubic symphysis with the
anorectal angle—the represents the puborectalis muscle
(PRM) plane. The PRM is seen encircling the pelvic floor
hiatus in the transverse image; (e) the transperineal view of
the pelvic floor hiatus after completion of the volume rota-
tion. The rendered thick slice (10 mm) allows for more
detailed assessment of the hiatal structures. The pelvic floor
hiatus anatomy includes cross-section of the urethra, vagina,
and the anorectum. The hiatus is encircled by the PRM
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Fig.3.19 (continued)
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Fig. 3.20 The posterior urethrovesical angle measure-
ment method with perineal ultrasound described by
Schaer et al. [7]. The rectangular coordinate system was
constructed with y-axis is at the inferior symphysis pubis
and x-axis is perpendicular through the mid-symphysis
pubis. The posterior urethrovesical angle (B) was mea-
sured with a line through the urethral axis and the other
line through the at least one-third of the bladder base

Rendered
hiatal image

’ s Pubic symphysis
Urethra
"
.
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and during dynamic maneuvers—pelvic floor
contraction (squeeze), coughing and straining
(Valsalva). In continent women normal values
measured for urethrovesical angle is 96.8° at rest
and 108.1° with Valsalva maneuver, and for
height are 20.6 and 14.0 mm, respectively [10].
During Valsalva maneuver deviation of the indi-
ces of bladder neck mobility and concomitant
funneling of the proximal urethra can be observed
in incontinent women (Fig. 3.21). Correlation
between ultrasound findings of bladder neck
descent measurements and urodynamic testing
has been inconsistent [16, 17] and largely do not
help distinguish continent and incontinent
women [18]. Transperineal ultrasound has also
been used in the assessment of patients with uri-
nary incontinence by imaging the urethral sup-
port and morphology and by measuring the
urethra and its sphincter. A recent study showed
that translabial 3D US is reliable in calculated
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Strain

Fig.3.21 Transperineal ultrasound of the sagittal bladder neck with the outline of the bladder easily seen on the rest
image. The strain image shows descent of the bladder wall (arrows) and funneling (marked with asterisk)

volumes of the urethral sphincter in nulliparous
women [19]. One ultrasound study showed that
women with stress urinary incontinence have
urethral sphincters that are shorter, thinner, and
smaller in volume [20].

There are many measurements described to
characterize the dimensions of the pelvic floor
(or levator) hiatus. These measurements are
usually done using 3D TPUS in the plane of
minimal hiatus which is the shortest distance
between the lower edge of the pubic symphysis
and the edge of the levator plate posteriorly. The
majority of the MLH border is lined with pubo-
visceralis muscle [21, 22]. It has been referred
to as the puborectalis, pubovisceralis or pubo-
coccygeus by multiple authors as the borders of
these muscles cannot be delineated by transperi-
neal imaging. In this chapter we will refer to the
muscle that borders levator hiatus as the pubo-
visceralis muscle. The levator hiatus plane has
defined reference points of inferior edge of the
pubic symphysis and the anorectal angle. This
plane is also referred to as “plane of minimal
hiatal dimensions” [23]. Multiple biometric
indices are described for this plane that can be
obtained on the multiplanar image in axial
(transverse) plane or on a rendered image. These
measurements can be performed on volumes
obtained at rest, pelvic floor contraction or
during a Valsalva maneuver. In addition to
measurements, PRM integrity can be assessed.

The measurements include linear measurements
of the anterior-posterior hiatal diameter, lateral
hiatal diameter, levator ani (PRM) thickness and
angle. The most common biometric measure-
ment used is anteroposterior hiatal diameter,
which is measured in the plane of minimal
dimensions and defined as the distance between
lower edge of the pubic symphysis and the ano-
rectal angle [15]. This measurement has been
shown to consistently decrease with pelvic floor
contraction. The levator hiatus measurements
are reliable [15, 24] and can be easily learned
[24]. The pelvic floor contraction is shown to
decrease the hiatal area dimensions. The PRM
inner perimeter is defined by a curvilinear mea-
surement along the inner border of the pubovis-
ceralis muscle to its insertion site on the pubic
ramus. The pelvic floor hiatus inner area is
defined as the area within the pubovisceralis
muscle inner perimeter enclosed anteriorly by
two straight lines, connecting the pubovisceralis
insertion point on the pubic rami to the inferior
edge of the symphysis pubis. The pelvic floor
hiatus outer area is contained within the outer
border of the puborectalis; it has the same bor-
ders as the pelvic floor hiatus inner area anteri-
orly. The puborectalis area has been calculated.
The measurement is obtained by subtracting the
pelvic floor hiatus from the outer area. This
measurement represents the cross-sectional area
of the puborectalis [15].
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Fig. 3.22 3D TPUS of the axial 10 mm thick slice ren-
dered hiatal image showing of normal hiatal structures (a)
and example of the PRM injury (b, ¢). Note how urethra

Using 3D TPUS and vaginal manometry Jung
et al. [25] characterized high-pressure zone of the
vagina. They demonstrated that using vaginal
fluid-filled bag the progressive distention initially
increased lateral and only then anteroposterior
dimensions of the pelvic floor hiatus and that
anterior-posterior and not lateral dimensions
decreased with pelvic floor contraction. This
provides evidence that the PRM is responsible
for creating high-pressure zone in the vagina.

3.5.2 TLUS/TPUS: Pelvic Floor
(Levator) Hiatus and Pelvic
Floor Musculature

Series of studies by MRI and 3D ultrasound have
identified defects in the levator ani muscles in
parous women. These morphological defects
vary from minor abnormalities to major muscle
damage. There is no agreement on classification
of these defects [26, 27]. MRI studies have shown
that the most common injury related to childbirth
is an avulsion injury of the insertion of the pubo-
visceralis muscle on the pubic ramus [28]
(Fig. 3.22).

There are series of studies that assess pelvic
floor morphologic changes related to vaginal
delivery. Many studies report that vaginal deliv-
ery is associated with levator muscles injury.
Dietz and Lanzarone [29] showed that in a third

and vagina shift away from the midline to the side where
the PRM injury is greater

of women delivering vaginally, the avulsions
were associated with stress urinary incontinence
at 3 months postpartum. Further data from the
same group [30] suggests that levator trauma is
associated with prolapse of anterior and apical
compartment and not with bladder dysfunction or
urinary incontinence. They also demonstrated
that larger levator hiatus was correlated with
POP. Further studies analyzing large retrospec-
tive cohort suggested that levator ani avulsions
are associated with prolapse in women with pre-
vious pelvic surgery [31].

3.5.3 Anal Sphincter Complex
and Anal Canal TPUS

When assessing anal canal the transducer can be
oriented in either sagittal or axial orientation.
Using endovaginal transducer positioned on the
perineum and oriented caudally the sagittal image
usually visualizes the anal canal and the anorec-
tal angle (Fig. 3.17). Using 2D ultrasound the
anorectal angle can easily be seen and measured.
The dynamic changes in the displacement of the
anorectal angle can provide visual biofeedback
for levator ani activity and are easily understood
and readily accepted by women [32].

When capturing 3D TPUS the sagittal orienta-
tion of the anal canal is optimal. The image is
further optimized by assuring that the anorectal
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Fig.3.23 3D TPUS of the normal anal canal: the multi-
planar image with three orthogonal planes shown: sagit-
tal, coronal, and axial identified. The rendered thick slice
(10 mm) allows for integrated evaluation of the mid-anal
sphincter portion. In the sagittal plane the perineal body is

angle is visible. Alternatively anorectum can be
visualized with 2D or 3D in the axial plane with
when the transducer marker is oriented to 3 or 9
o’clock. Images can be captured at rest and dur-
ing sustained anal sphincter and pelvic floor con-
traction. The offline assessment of 3D TPUS
static images allows for volume rotation with
symmetrical viewing of anal sphincter structures
in standard coronal, sagittal and transverse (axial)
planes. Additionally the sphincter structures can
be further characterized using thick slice or
multi-slice assessments tools. The inner portion
of the axial sphincter image has been called
“mucosal star” [14] (Fig. 3.23). The visualization
of the mucosal folds of the anal canal differenti-
ates TPUS from endoanal technique, where
inserted transducer flattens folds of the anal
mucosa. The appearance of the sphincter is dif-

seen as an oval-shape structure. On the axial plane the
mucosal fold—"“mucosal star”” and the classic representa-
tion of the mid-anal canal with hypoechoic internal anal
sphincter (IAS) and hyperechoic external anal sphincter
(EAS)

ferent depending on the level of capturing. In the
middle of the anal canal, the classical “target”
sphincter appears. The echolucent IAS encircles
the anal mucosal layer. IAS is encircled by the
echogenic external anal sphincter (EAS). As with
other structures use of tomographic sonography
with 3D volume processing can enhance visual-
ization (Fig. 3.24).

Contractions of the PRM are thought to
decrease the anorectal angle and increased pres-
sure in the proximal part of the anal canal, and
when the EAS contracts, there is increased pres-
sure in the distal part of the canal [33]. On
3-dimensional ultrasound, these contractions and
associated measurements are well captured [34].

Use of TPUS also allows visualization of the
sphincter defects. Limited data is available on
clinical diagnostic utility of TPUS for imaging of
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anal sphincter. Endoanal ultrasound is the gold
standard of assessing anal sphincter defects.
A recent study compared transperineal and endo-
vaginal ultrasounds to the endoanal ultrasound
technique in evaluating women with postpartum
anal sphincter injuries. The study found while
TPUS was useful in identifying normal anatomy,
the sensitivity for assessing anal sphincter defects
was inferior to the gold standard—the endoanal
approach [35].

3.5.4 3DUSand MRI

MRI has gained in importance as a diagnostic
and research tool for assessment of pelvic floor
disorders. It certainly has capability of high-
resolution superb imaging of the soft tissues of
the pelvic floor and has been one of the modali-
ties of choice for evaluation of the pelvic floor.
However, the major technical limitation of MR
imaging is its poor ability to fully capture present-
time pictures as its spatial resolution is often
spared as imaging time becomes faster. Other
clinical limitation includes its high cost, time and
space constrains, and limited availability. The
utility of 3-dimensional ultrasound has been
studied and compared to MR imaging [15, 25,
27, 36]. Some studies have shown poor correla-
tion between MR imaging and ultrasound, but
some authors believe that this is because previous
studies did not use the same plane on ultrasound
as was used on MRI [36]. Another study showed
that the two modalities correlate at rest, but there
is no correlation during maximum Valsalva. This
is likely because of the physical limitations of
MR imaging. When using MR, it is difficult to
predict the end point during Valsalva and because
MRI is not done under real time, the true plane
needed to adequately evaluate pelvic floor func-
tion is not as available to the degree that it is in
ultrasound [36]. In more recent studies, transperi-
neal 3D US has shown to be as effective, if not
better, than MRI in imaging the pelvic floor [36].
With 3D US cine loop capabilities the functional
pelvic floor anatomy assessment has superior
spatial and temporal resolution, where multiple
volumes of imaging obtained per second [37].

Dynamic 3D ultrasound, also known as 4D
ultrasound, acquires volume datasets that can be
used to produce single slices in any arbitrarily
defined plane [38].

3.5.5 TLUS/TPUS in the Evaluation
and Treatment of Urinary
Incontinence

Transperineal or introital ultrasound has been
used in assessment of bladder neck position
before and after incontinence procedures and in
assessment of implanted materials in treatment of
stress urinary incontinence.

Bernstein showed that pelvic floor muscles
thickness and function could be visualized by
perineal ultrasound. He also demonstrated that
pelvic floor muscle were thinner in women older
than 60 years old and in women with SUI com-
pared with continence controls. After pelvic floor
muscle training all groups showed increase in
muscle thickness and 60 % of SUI women
showed subjective and objective improvement
with Ul Dietz et al. [32] used translabial
ultrasound as biofeedback in teaching women to
perform a proper pelvic floor muscle contraction.
They proved that translabial ultrasound is a use-
ful adjunct in pelvic floor muscle training.

Prolene mesh, that is used for minimally inva-
sive slings is highly echogenic and can easily be
visualized with TPUS (Fig. 3.25). Schuettoff
et al. [39] compared use of MRI and introital US
and suggested that ultrasound is most suited for
assessment for suburethral and periurethral mesh
portion, whereas MRI is more suitable for retro-
pubic mesh evaluation. Ultrasound can also show
the spatial relationship between a suburethral
sling, the urethra, and the symphysis pubis.
Yalcin et al. published a pilot study in a group of
women with SUT after Tension-free vaginal tape
(TVT) operation [40]. It showed that bladder
neck mobility measured on x-y coordinate system
could discriminate successful and failed slings;
however these measurements had large overlap.
It has been shown to move variably as an arc
around the posterior symphysis pubis. Movement
closes the gap between the mesh and the bony



64

M. Weinstein and S.A. Shobeiri

F
I -
Monarch,

Fig. 3.25 3D transperineal ultrasound of the hiatus—axial image with 10 mm rendered thick slice—the mesh sling

(TVT and Monrach) are shown

structure of the pelvic, thereby, compressing the
urethra during increases in intra-abdominal pres-
sure. The ability to visualize the variability in the
location and the movement of the sling allows cli-
nicians to understand why there is variability in
the actual efficacy of the sling and to help deter-
mine if the sling needs to be adjusted [41]. Using
3D TPUS investigators showed that mid-urethral
position is not necessary for minimally invasive
slings success in treatment of SUI [42, 43].
Urethral bulking agents are used to improve
continence by enhancing urethral coaptation.
Periurethral collagen has been imaged by peri-
neal ultrasound. Using perineal (introital) ultra-
soundElia and Bergman found that optimal
location of collagen implant was less than 7 mm
from the bladder neck [44]. With use of 3D ultra-
sound, Defreitas et al. suggest that optimal peri-
urethral collagen location is a circumferential
distribution around the urethra, while an asym-
metric distribution is associated with a signifi-
cantly smaller improvement in incontinence
symptoms [45]. Poon and Zimmern describe the
use of 3D ultrasound as part of their standard
algorithm in managing incontinence in patients
who undergo periurethral collagen injection. If a
patient has no or minimal improvement after

collagen injection therapy and ultrasound shows
low volume retention of collagen or an asymmetric
distribution, the patient is offered a repeat injection
in the area of deficiency. If there is no improvement
but a circumferential pattern is seen on ultrasound,
the injection is considered optimal and the patient
is offered an alternative treatment [46].

3.5.6 TLUS/TPUS and Pelvic Organ
Prolapse

TLUS/TPUS has been increasingly used as an
adjunct in diagnostic evaluation of POP. There
are many studies reporting use of TPUS to assess
POP. In a pilot study, Beer-Gabel et al. [12] used
dynamic transperineal ultrasound to identify
pelvic floor descent. The assessment of anorec-
tal angle was comparable to defecography.
Rectoceles were also easily identified. Dietz and
Steensma [47] showed that rectovaginal septal
defects could be easily identified on translabial
ultrasound, but a third of women with rectocele
showed no sonographic abnormalities. Grasso
et al. [48] reported a good to excellent correlation
of introital ultrasound finding and defecography
in evaluation of anorectal angle, presence of
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intussusception  and  rectocele.  Recently
Weemboff et al. [49] reported that TPUS finding
of intussusception was predictive of abnormal
evacuation proctography, however prediction of
enterocele findings was poor compared with
evacuation proctography.

Some studies attempted to correlate clinical
findings by Pelvic Organ Prolapse Quantification
system (POP-Q) to the ultrasound findings. The
reference for measurement in the ultrasound
findings is different from the reference that is
used in POP-Q, i.e., hymen. For ultrasound mea-
surements of the prolapse the reference line is
usually drawn parallel to the infero-posterior
margin of pubic symphysis [50].

In a study by Lone et al. [51], the authors
assessed the relationship between validated
POP-Q measures and assessment made by
dynamic 2D-TPUS. In this study only women
with prolapse at or above the hymen were included
for analysis. They also adjusted for reference
points to minimize difference between the refer-
ence lines used with POP-Q and TPUS. They
found that proportion of correctly assessed pro-
lapse was around 60 % for anterior and posterior
compartment (using points Ba and Bp) and only
33 % for the apical compartment (using point C).

3.6 Summary

2D and 3D Transperineal and Translabial pelvic
floor ultrasound allows evaluating many aspects
of pelvic floor anatomy and function and can
compliment a careful physical examination. It
shows promise in investigation of pelvic floor
disorders. However no universal standard for its
use exists to date. Some of the promising applica-
tions of the TLUS/TPUS include assessment of
pelvic floor muscles integrity and biometry.
TLUS/TPUS can be a useful adjunct to the pelvic
floor muscle training and biofeedback. Some
other potentially useful applications of TLUS/
TPUS include investigation of posterior vaginal
wall prolapse and assessment of implanted mate-
rials. Lack of standardized terminology and
objective parameters and validation of diagnosis
and assessment of pelvic floor disorders dampen

the broader clinical application of TLUS/TPUS.
In 2011, an international panel aimed to perform
a meta-analysis to analyze pelvic floor ultrasound
literature. They deemed the production of a sys-
tematic review impossible based on the type and
quality of published literature [9]. They identified
research priorities and advised on more coordi-
nated and structured research effort into internal
and external validity of pelvic floor ultrasound in
assessment of pelvic floor disorders.
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3D Endovaginal Ultrasound
Imaging of the Levator Ani

Muscles

Lieschen H. Quiroz and S. Abbas Shobeiri

Learning Objectives

1. To describe 3D Endovaginal sono-
graphic anatomy of the pelvic floor
structures

2. To understand the 3D endovaginal ultra-
sound technique with transducer position
and image orientation and optimization

3. To provide overview of angles and mea-
surements in 3D Endovaginal pelvic
floor US

4. To appreciate role of endovaginal US in
pelvic floor disorders

4.1 Introduction

4.1.1 Imaging Modalities
for Endovaginal Imaging

The pelvic floor is a complex three-dimensional
structure, with a variety of functional and ana-
tomical areas. It consists of a musculotendinous
sheet that spans the pelvic outlet and consists of
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paired levator ani muscle (LAM). It is broadly
accepted that the LAM consists of subdivisions
that have been characterized according to the ori-
gin and insertion points, consisting of the pubo-
visceral, puborectal, and puboanal portions [1].
Although MRI descriptions of the pubovisceral
subdivision included the puboperinealis, pubo-
vaginalis, and puboanalis (Fig. 4.1), our more
recent 3D endovaginal ultrasound literature
groups iliococcygeus and pubococcygeus as part
of the pubovisceralis [1]. Lateral to the pubovis-
ceral division of the LAM is the puborectal divi-
sion, which forms a sling around and behind the
rectum, just cephalad to the external anal sphinc-
ter. Lastly, the iliococcygeus division forms a flat,
horizontal shelf, spanning both pelvic side walls
(Fig. 4.2) [2]. The validity of 3D EVUS to visual-
ize LAM subdivisions has been established by
meticulous anatomic studies [3]. These subdivi-
sions were localized in cadaveric dissections
(Fig. 4.3), then correlated with images seen in
nulliparous women, based on origin and insertion
points and were shown to have excellent interob-
server reliability.

The pelvic floor muscles have the unique role
of supporting the urogenital organs and the ano-
rectum. Unlike most other skeletal muscles, the
LAM maintains constant tone, except during
voiding, defecation and a Valsalva maneuver [4].
At rest, the LAM keeps the urogenital hiatus
closed, by compressing the vagina, urethra, and
rectum against the pubic bone, and maintains
the pelvic floor and pelvic organs in a cephalic

S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 69
to 2D/3D/4D Ultrasonography of Pelvic Floor, DOI 10.1007/978-1-4614-8426-4_4,
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Fig. 4.1 The relative position of levator ani subdivisions
during ultrasound imaging. Levels 1-3 are identified below
the figure. The A—J markings on fop of the figure correspond
to the ultrasound images shown in Fig. 4.4. IC iliococcy-
geus, PP puboperinealis, STP superficial transverse peri-
nea, PA puboanalis. Illustration: John Yanson. © Shobeiri.
Ultrasonography Validation. Obstet Gynecol 2009

direction (Fig. 4.2) [2]. Pelvic floor muscles are
integral to pelvic organ support, and while func-
tioning properly, provide support to the pelvic
organs, keeping the ligament and fascial attach-
ments tension-free.

During parturition, the LAM stretches beyond
its limits [5, 6] in order to allow passage of a term
infant (Fig. 4.4). Studies have shown that LAM
injury occur in 13-36 % of women who deliver
vaginally [7-9]. There are various definitions of
levator ani injury, according to mode of assess-
ment and imaging modality. Most authors have
used avulsion of the muscles as the end point of
the study. However, more recent in publication

Bladder

Pubocervical

Perineum

Anus

Levator plate

ACL

Fig. 4.2 Subgrouping of the pubovisceralis (PV),
puborectalis (PR), and the puboanalis muscle groups. The
lines of actions of these muscle groups and their relative
contributions to the levator plate are shown. Anococcygeal
ligaments (ACL), Arcus tendineus Fascia Pelvis (ATFP)
are shown. © Shobeiri

Fig. 4.3 Gross cadaveric dissection. A needle is seen
inserted into the puboperinealis. PB pubic bone on pubic
bone insertion, ATFP arcus tendineus fascia pelvis, IC ilio-
coccygeus, PP puboperinealis, PA puboanalis, P perineum,
STP superficial transverse perinei. Shobeiri. Ultrasonography
Validation. Obstet Gynecol 2009

studies using 3D endovaginal ultrasonography
have found that up to 50 % of women may have
hematoma formation after first delivery (Fig. 4.5).
Assessment of the levator muscles is essential
for a complete understanding of pelvic floor
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Pubic
symphysis

Fig.4.4 (a) Initial geometry of the female pelvic floor at
the beginning of the second stage of labor in a left lateral
view. (b) Left lateral view of the pelvic floor model.
(c) Left three-quarter view of the model. (d) A free body

Fig. 4.5 Hematoma formation in the right levator ani
muscle territory is outlined. Anus (A), transducer (T),
urethra (U), pubic symphysis (PS). © Shobeiri

T

/ "\ Pubic symphysis

diagram of the model is shown in lateral view. (©
Biomechanics Research Laboratory, University of
Michigan). Lien. Efficacy of Maternal Effort. Obstet
Gynecol 2009

anatomy abnormalities, as well as of pelvic floor
dysfunction.

4.1.2 3-DEVUS Technique
for Levator Ani Imaging

All the endovaginal and endoanal images in this
chapter are obtained from a Flex Focus (Fig. 4.6)
or ProFocus Ultraview (Fig. 4.7) BK Medical
scanner (BK Medical, Peabody, MA) as dis-
cussed in previous chapter on Instrumentations
and techniques. For optimal images to be
obtained, we recommend for the operator to have
a clear understanding of the technique, as well as
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Fig. 4.6 BK flex focus ultrasound machine with a 2052
probe

Pro Focus UltraView scanner

Fig. 4.7 BK ultrafocus ultrasound machine

Fig. 4.8 BK 2052 transducer

familiarity with the controls of the machine. Most
importantly, improper settings of the equipment
can lead to artifact.

Two 360° probes can be used for endovaginal
levator ani imaging. The 2052 transducer
(Fig. 4.8) is its built-in 3D automatic motorized
system (proximal-distal actuation mechanism
is enclosed within the shield of the probe). This
equipment allows for the acquisition of 300
images in 60 s for a distance of 60 mm. The 8838
probe is a 60 mm 360° rotational transducer and
obtains an image every 0.55° for a total of 720
images (Fig. 4.9). The images are acquired auto-
matically with the touch of the 3D button on the
equipment console. The data from the closely
spaced 2D images are combined as a 3D volume
displayed as a data volume which can then be
stored and analyzed separately.

No special patient preparation is required
and no vaginal or rectal contrast is necessary.
The patient is asked to keep a comfortable
amount of urine in the bladder. The patient is
placed on the dorsal lithotomy position and the
probe is inserted in a neutral position, with care
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Fig. 4.9 BK 8838 transducer

not to press on the upper or lower vaginal areas
so as not to distort anatomy. The probe should
create a horizontal line with the body’s axis.
When placing the ultrasound gel in the probe
cover, we recommend for air bubbles to be gently
squeezed out of the probe cover, so as to mini-
mize the potential for artifact.

Once the 3D endovaginal imaging is selected
on the console, the rotating crystal will begin to
rotate, signaling that the probe is ready for
insertion. The probe is inserted as described in
endovaginal instrumentations and techniques
chapter. Based on our anatomic studies, we rec-
ommend placing the probe 6 cm inside the
vagina, just 2 cm above the level of the urethro-
vesical junction. If using the 2052 probe, the
two buttons that move the crystal cephalad and
caudad should be facing the 12 o’clock position.
Once the acquisition is started, it is important
that the operator minimize movement by stabi-
lizing the probe during the full length of the
scan. This will help optimize image quality in
obtaining the 3D cube (Fig. 4.10). We have
characterized 3 levels for assessment of the
axial plane [3] (Fig. 4.1).

Level 1: Contains all the muscles that insert into
the perineal body, namely the superficial transverse
perinei (STP), puboperinealis, and puboanalis.
The STP serves as the reference point.

Anterior

Pubic symphysis

Urethra™,

Posterior

Fig.4.10 An endovaginal 3D volume. © Shobeiri

Level 2: Contains the attachment of the pubo-
vaginalis, puboperinealis, puboanalis, puborecta-
lis, and iliococcygeus to the pubic bone.

Level 3: Contains the subdivisions cephalad
to the inferior pubic ramus, namely the pubococ-
cygeus and iliococcygeus, which wing out
towards the ischial spine.

Functionally and based on the levator ani vol-
ume measurements, we divide the muscles into:
(1) Puboanalis (Puboperinealis +Puboanalis),
(2) Puborectalis, and (3) Pubovisceralis
(Pubococcygeus +Iliococcygeus) (Fig. 4.2). By
3D endovaginal ultrasound reconstruction of
nulliparous subjects, puboanalis, puborectalis,
and pubovisceralis groups had the volume of
4.4 cm® (Range 2.1-6.7 cm?), 4.2 cm® (Range
1.9-6.5 cm?), 4.5 (Range 2.2-6.8 cm?®) respec-
tively. Although they have a wide range in vol-
umes, the proportions remain constant within the
individual [10].

When analyzing a 3D volume caudad to ceph-
alad, the first structure to visualize as a landmark
is the STP muscle (Fig. 4.11). Visualization of
this structure will consistently point to the most
caudad structure seen by the probe in the vaginal
canal. In normal nulliparous individuals, the
external anal sphincter may be visualized just
below the STP. If using the 2052 probe, there are
two buttons used to move the rotating crystal cau-
dally or cephalad located on the dorsal portion
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of the probe handle. By pressing the cephalad
button the rotating crystal can be slowly moved
cephalad and the perineal body and puboperi-
nealis muscle come to view (Fig. 4.12a, b).
The puboperinealis is hard to find consistently
for the untrained eyes because it perhaps has less
than 30 muscle fibers and lies very close to the
vaginal epithelium. At the same level but more

Fig. 4.11 The most caudad muscles seen by 3D endo-
vaginal ultrasound imaging is the superficial transverse
perinei muscle which is highlighted. External anal sphinc-
ter (EAS), anus (A), transducer (T), pubic symphysis (PS).
© Shobeiri

Fig. 4.12 (a) The scant fibers of the puboperinealis
muscles (PP) are highlighted. (b) The perineal body
(PB) is highlighted in the same axial view as 3a. Pubic

laterally are the fibers of the puboanalis that
travel at a 45° to surround the anal canal and
insert into longitudinal fibers of the anus at the
level of the external anal sphincter (Fig. 4.13).
Continuing to move the crystal cephalad will
show the puborectalis forming a sling around the
rectum and it can be followed to its insertion into
the inferior margin of the pubic symphysis and
the perineal membrane. Moving further cephalad
will show the medial relationship of the iliococ-
cygeus muscle in its medial relationship to the
puborectalis (Fig. 4.14).

The reliability of visualization of levator ani
subdivisions have been reported in nulliparous
patients. The levator ani subdivisions in these
scans were examined at levels 1, 2, and 3
(Fig. 4.1). The visibility was scored by two
blinded observers. Interrater reliability was cal-
culated by taking the number of agreements and
dividing by the number of observations in the
total number of subjects. There was 98 %, 96 %,
and 92 % agreement for level 1, 2, and 3 muscles
respectively. Cohen’s kappa index/standard error
were calculated for individual muscles as below:
STP and puborectalis were seen by both raters
100 %, puboperinealis 0.645/0.2, pubovaginalis,
and puboanalis 0.645/0.2 (95 % confidence inter-
val 0.1-1), iliococcygeous 0.9/0.2 (95 % confi-
dence interval 0.6-1).

symphysis (PS), transducer (T), puboperinealis (PP),
perineal body (PB), anus (A). © Shobeiri
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Fig.4.13 The puboanalis (PA) is shown at the same level
as the Fig. 4.12. PA lies just lateral to the puboperinealis
(PP) and they are part of the same functional groups. Anus
(A), transducer (T), pubic symphysis (PS). © Shobeiri

Anterior

Right

Posterior

Fig.4.14 The puborectalis (PR) is shown at its cephalad
insertion point to the pubic symphysis (PS). Note that PR
has a wide insertion area which includes the PS, and the
perineal membrane which is more caudad. The iliococcy-
geus muscle (IC) fibers are seen medial to the puborectalis
fibers. Anus (A), transducer (T). © Shobeiri

In addition to the visualization of the muscle
subdivisions, the interobserver and the
interdisciplinary repeatability of (1) Levator hia-
tus length; (2) Levator hiatus width; (3) Levator
hiatus area; (4) LAM attachment to the pubic
rami, on both sides; (5) Anorectal angle (ARA);
(6) Urethral thickness measurements using 3D

endovaginal ultrasound have been established
[11]. A team of six investigators of three different
specialties (urogynecology —UGN, radiology —
RAD, colorectal surgery—CRS) was formed.
Each discipline included two investigators: UGN
#1, UGN #2; RAD #1, RAD #2; CRS #1, CRS
#2. Prior study initiation, a dedicated training
session was completed and preliminary trial mea-
surements were performed. For the training ses-
sion, an expert 3D reader demonstrated to each of
the readers the technique for measurements,
including bony and soft tissue landmarks to be
utilized. Readers discussed and refined the mea-
surement technique for each parameter until all
readers were in agreement regarding measure-
ment methodology. In order to minimize the
effect of imaging variations on the final measure-
ments, a standardized protocol for review of the
study datasets was strictly defined and jointly
approved by all investigators.

Each ultrasound volume was displayed in a
symmetrical orientation in the coronal, sagittal,
and transverse planes and assessed in standard-
ized sequences. The overall interobserver repeat-
ability for levator hiatus dimensions was good to
excellent (ICC, 0.655-0.889), for urethral thick-
ness was good (ICC, 0.624), and for ARA was
moderate (ICC, 0472) (Table 4.1). The interdisci-
plinary repeatability for levator hiatus indices
was good to excellent (ICC, 0.639-0.915), for
urethral thickness was moderate to good (ICC,
0.565-0.671), and for ARA was fair to moderate
(ICC, 0.204-0.434) (Table 4.2) [11].

4.1.3 Clinical Applications

Pelvic floor disorders are common, costly, and
distressing conditions for women resulting in
greater than 300,000 operations per year, leading
to considerable suffering from conditions not
readily cured by surgery [12]. Fifty-five percent
of women with pelvic organ prolapse (POP) have
visible major LAM damage compared to 15 % of
women with normal support making it the stron-
gest known factor to be associated with both
vaginal birth and POP [13]. The ability to diagnose
injury to the LA muscle relies on advancements
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Table 4.1 Overall means and standard deviations (SD) of various measurements of individual readers

Observer LH length (mm) LH width (mm)

UGN #1 50.42 (SD:4.18)  35.03 (SD: 3.50)
UGN #2 48.62 (SD:4.87)  34.21 (SD: 3.30)
RAD #1 48.71 (SD: 4.84)  33.76 (SD: 3.50)
RAD #2 47.55(SD:5.62)  33.54 (SD: 3.32)
CRS #1  47.95(SD:4.20)  34.52(SD: 3.38)
CRS #2  47.20 (SD:4.05)  34.06 (SD: 2.96)

LH area (cm?)

10.48 (SD: 1.51)
10.60 (SD: 1.31)
10.72 (SD: 1.70)
11.76 (SD: 1.35)
10.82 (SD: 1.60)
10.14 (SD: 1.60)

Urethral thickness (mm)
12.82 (SD: 1.6)

13.06 (SD: 1.41)

12.86 (SD: 1.73)

12.61 (SD: 1.32)

12.23 (SD: 1.77)

12.30 (SD: 1.44)

ARA (degrees)
133.1 (SD: 12.3)
144.2 (SD: 7.03)
143.04 (SD: 12.5)
141.1 (SD: 7.99)
143.8 (SD: 9.97)
136.1 (SD: 5.94)

UGN urogynecologist, RAD radiologist, CRS colorectal surgeon, LH levator hiatus, ARA anorectal angle
From Santoro: Interobserver and interdisciplinary reproducibility. [UGJ 2011

in imaging. Levator ani avulsion as imaged by
transperineal ultrasound appears to double the
risk of any significant anterior and central com-
partment prolapse [14].

4.2 Levaror Ani Injury

Recent literature has identified the distal subdivi-
sions of the levator ani, classifying them based on
attachment points, using magnetic resonance
imaging. By MRI the LAM has been divided to
pubovisceralis (to include pubovaginalis, puboa-
nalis, puboperinealis, pubococcygeus and ilio-
coccygeus) and puborectalis [1]. Morgan et al.
have described levator ani defects and scored
unilateral muscle defects separately [15]. The ter-
minology for EVUS is different and in order to
better functionally describe these LAM subdivi-
sions, we group them as the puboanalis, puborec-
talis, and pubovisceralis (Fig. 4.2). Our technique
and the anatomical descriptions were first
authenticated in female cadavers and then in live
human female volunteers, documenting superior,
dynamic imaging, and visualization of these
structures [3]. LAM injury has been described on
MRI studies as a “defect” or “avulsion,” attrib-
uted to causes such as obstetric factors, aging or
hormonal changes. 3D endovaginal ultrasonogra-
phy has been used for visualization of the levator
ani avulsion before and after bridging repair
using fascia lata graft [16] (Fig. 4.15). This repair
was done remote from delivery due to the
patients’ symptoms. The goal of pelvic floor
reconstruction is to restore the anatomy and hope
that will translate into restoration of physiology

and ultimately improve the patient’s symptoms.
To restore the normal anatomy, if we repair the
LAMs, normal functioning of the muscles may
resume as long as the innervations is intact.
Current “routine” surgical practice does not
address these defects, but the sequalea of pelvic
floor injury appears years after its occurrence.
There is still the question of whether the identifi-
cation and repair of these muscles early on will
spare the patient from future POP and inconti-
nence. Since identification of the muscle fibers is
difficult without a localization technique,
attempts at repairing these muscles without intra-
operative visualization may have questionable
results. In the absence of symptoms prompting
LAM repair, it will require a large cohort and
long term follow-up to determine if preemptive
repair of the LAMs will translate into reduction
of incontinence or POP [17]. In a case of bilateral
levator ani injury (Fig. 4.16) after vaginal deliv-
ery, a patient underwent 3D endovaginal ultra-
sound and under ultrasound guidance (Fig. 4.17),
the detached levator muscles were tagged with
J-hook needles (MPM Medical, ElImwood Park,
NJ) bilaterally. The needle could be manipulated
to identify the torn ends of muscles. A vertical
incision was made on the lateral wall of the
vagina cephalad to the puboperinealis muscle
which is the muscle traversing between the pubic
symphysis and the perineal body. The dissection
was made laterally to reach the area of needle.
The tissue was grasped and then, with a finger in
the rectum to ascertain rectal elevation, 2.0 vicryl
sutures were passed (Fig. 4.3), 1 cm apart, and
these were brought anteriorly to the level of the
arcus tendineous insertion into the pubic bone
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Fig.4.15 (a) 3D EVUS of the patient with right levator ani avulsion (LAA). The arrows point to the extent of the defect.
(b) 3D EVUS of the same patient almost 2.5 years after repairs point to the fascia lata graft (FLG) in correct position.

© Shobeiri

Fig.4.16 Bilateral puborectalis
avulsion in endovaginal 360° 3D
volume. The lines demonstrate
the measurements of the
urethra-levator gap. LAM:
levator ani, anus (A), transducer
(T), urethra (U), pubic symphysis
(PS). © Shobeiri

under direct visualization and tied sequentially.
The procedure was repeated on the contralateral
side with palpable lift of ARA.

Besides the dramatic presentation of the
levator ani detachment from the pubic bone,
there are ultrasound images which show mus-
cles with scant fibers or muscles that are lax.
Although no comparative studies have been
published, these findings on 3D EVUS are per-
haps analogous to transperineal 4D ultrasonog-

raphy findings of what has been called
microtrauma or ballooning. The absence of the
LAM in MRI and ultrasound studies has been
denoted as a defect or an avulsion attributed to
many different causes such as labor and delivery,
aging, or hormonal changes. Hudson referred to
these changes collectively as “pelvic floor defi-
ciency” [18]. We will denote the degree of leva-
tor ani defects seen by ultrasound as “levator ani
deficiency, or LAD.”
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4.2.1 LAD: Levator Ani Deficiency

Score

Unlike the terms “defect” and “avulsion” which
may imply an all or none phenomenon, the term
“LAD” implies a measurable gradient. While
documenting the presence or absence of injury is
important, LA muscle damage after childbirth
leading to symptomatic pelvic floor disorders, or
a decrement in muscle strength, may depend on
the location and severity of the injury. Identifying
specific location and severity of defects in LA
muscle subdivisions may help us correlate
specific defects to corresponding clinical find-
ings, providing further insight into the form and
function of this complex muscle group. Recent
imaging has pointed to the pubovisceral insertion
(PVM) of the levator ani as the most often injured
portion of the LAM group (Fig. 4.4) [19].

Fig.4.17 J-hook needle in puborectalis muscle by endo-
vaginal 360° ultrasound. Urethra (U), needle (N), rectum
(R). © Shobeiri. Surgical repair of bilateral levator ani
muscles. IUGJ 2012

4.2.2 Scoring System

A LAD scoring system to grade levator injury
has been developed according to the morphol-
ogy and clarity of the each subdivision’s origin-
insertion points, scored unilaterally. This is
analogous to the scoring system used in the MR
imaging [15]. Subgroups were evaluated and
were scored (0=no defect, 1 =minimal defect
with <50 % muscle loss, 2=major defect with
>50 % muscle loss, 3 =total absence of the
muscle) on each side based on thickness and
detachment from the pubic bone (Table 4.3).
Each muscle pair score ranged from 0, indi-
cating no defects, to maximum score of 6,
indicating total muscle absence. For the entire
LAM group, a cumulative LAD score that
ranged between 0 and 18 was possible. Scores
were categorized as 0-6=mild (Fig. 4.18)
7-12=moderate (Fig. 4.19) and >13=severe
deficiency (Fig. 4.20) [20].

In a study to evaluate if there is a LAD threshold
above which prolapse occurs, 220 patients were
analyzed. Table 4.4 shows the distribution of stages
of prolapse and associated LAD scores. Kruskal-
Wallis test demonstrated that the distribution of
scores significantly differed by stage of prolapse
(p<0.0001). The distribution of LAD status (mild,
moderate, severe) was also significantly different
between stages of prolapse (Table 4.5). A moderate
positive correlation was demonstrated between
LAD score and stage of prolapse (r,=0.44,
p<0.0001). When trying to find a threshold of
LAD above which vaginal prolapse developed, no
subjects with stage 3 prolapse had a score lower
than 6, no subjects with stage 4 prolapse had a
LAD score lower than 9 (Fig. 4.21). While all
patients with stage 3 and 4 prolapse had moderate

Table 4.3 EVUS validated scoring system for levator ani muscle deficiency (LAD)

0 (No muscle 1 (Mild
Score damage)
(L) Puboanalis (PA +PP)
(R) Puboanalis (PA +PP)
(L) Puborectalis
(R) Puborectalis
(L) Pubovisceralis (IC+PC)

(R) Pubovisceralis (IC +PC)

abnormality) abnormality) muscle loss) 0-3

2 (Moderate 3 (Complete Subtotal
Total 0-18
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Fig. 4.18 3D ultrasound volume of a normal nulliparous
woman with LAD score of 0. Anus (A), vagina (V), ure-
thra (U), pubic symphysis (PS), puboanalis (PA), pubovis-
ceralis (PV), puborectalis (PR). © Shobeiri, Levator Ani
Deficiency and Pelvic Organ Prolapse severity, Obstet
Gynecol 2013

Fig. 4.19 The axial view of pelvic floor muscles with
moderate LA muscle deficiency. Asterisks denotes a miss-
ing muscle and numbers are muscle scores. Anus (A),
vagina (V), puboanalis (PA), puborectalis (PR). ©
Shobeiri, Levator Ani Deficiency and Pelvic Organ
Prolapse severity, Obstet Gynecol 2013

to severe LAD, in the group of patients with no pro-
lapse there were 15.2 % with moderate, and 9.2 %
with severe LAM deficiency. The frequency of
severe LAD increased progressively with increas-
ing stage of POPQ (Fig. 4.22). Final adjusted
logistic regression demonstrated a significant rela-

Fig. 4.20 The axial view of pelvic floor muscles with
severe LA muscle deficiency. Asterisks denotes a missing
muscle and numbers are muscle scores. Anus (A), vagina
(V), pubic symphysis (PS), puboanalis (PA), puboviscera-
lis (PV), puborectalis (PR). © Shobeiri, Levator Ani
Deficiency and Pelvic Organ Prolapse severity, Obstet
Gynecol 2013

Table 4.4 Distribution of stages of prolapse and associated
total LA scores.

LA score
n (%) (median, range) p-value?
Stage 0 50 (22.7) 6 (0, 18) <0.0001
Stage 1 57 (25.9) 8 (0, 18)
Stage 2 60 (27.3) 10 (0, 18)
Stage 3 43 (19.6) 14 (6, 18)
Stage 4 10 (4.6) 13 (9, 18)

Shobeiri, Levator ani deficiency, Obstet Gynecol 2013
“Based on Kruskall-Wallis test results

Table 4.5 Severity of LA deficiency by compartment
and stage of prolapse

Minimal ~ Moderate Severe

LAD LAD LAD

n, (%) n, (%) n, (%) p-value
Stage 0 32, (42.1) 12,(15.2) 6,(9.2) <0.0001°
Stage 1 22,(29.0) 24,(30.4) 11, (16.9)
Stage 2 16, (21.1) 27,(34.2) 17,(26.2)
Stage 3 6,(7.9) 11, (13.9) 26, (40.0)
Stage 4 0, (0.0) 5,(6.3) 5,(7.7)

Shobeiri, Levator ani deficiency, Obstet Gynecol 2013
“Based on chi-square test

tionship between LAD score and the presence of
clinically significant POP (Table 4.6). Likelihood
ratio, c-statistics, and Hosmer-Lemeshow good-
ness of fit tests each indicated excellent model fit



4 3D Endovaginal Ultrasound Imaging of the Levator Ani Muscles 81

44 [] [] [] [] [] [] []
34 a [ ] L ] L ] L] L] L] L ] L] L] L ] [ ] L
&
5
2
o
T 1@ [ ] L [ ] a [ ] L] a L] L] L] [ ] L] . [ ] -
2
o
1 m L] L ] [ ] L ] L] [ ] L] . L L] . L] L] L] . L
o= [ ] L] L ] [ ] L ] [ ] » [ ] [ ] [ ] . [ ] L]
U

T
o 1 2 3 4 5 6 T 8

Cumulative LA Score

Fig.4.21 Scatter plot of stage of prolapse and cumulative LA score. © Shobeiri
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Fig. 4.22 Bar chart for stage of prolapse and LA score
frequency. Y axis denotes the percentile of patients with
mild, moderate, or severe LAD. X axis denotes the stage

Table 4.6 Severity of LA deficiency by clinically sig-
nificant prolapse

Minimal = Moderate Severe

defect defect defect

(n, %) (n, %) (n, %) p-value®
Stage 0—1 54 (71.1) 36 (45.6) 17(26.2) <0.0001
Stage 2-4  22(29.0) 43 (54.4) 48(73.9)

“Based on chi-square test

(Table 4.6, Fig. 4.23). After controlling for age,
parity, and menopausal status, patients with a
moderate LAD have 3.2 times the odds of signifi-

0 1 2 3 4

of prolapse as determined by POPQ staging system. ©
Shobeiri, Levator Ani Deficiency and Pelvic Organ
Prolapse severity, Obstet Gynecol 2013

cant POP than those with only minimal deficiency;
those with severe LAD have 6.44 times the odds
of significant POP than those with minimal defi-
ciency. Thus, worsening LAD scores as identified
by 3D EVUS is a predictor of clinically significant
POP [20]. From a biomechanical perspective, this
data is important, since pelvic floor support pro-
vided by these muscles will be weak, and the
load will shift from the deficient muscles to the
supportive connective tissues and cause their fail-
ure [21]. However, two women with identical
levator ani defects may present with different POP
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presentations. Finite element modeling have
demonstrated that, in addition to LAM deficiency,
development of prolapse, such as a cystocele, also
requires an increase in abdominal pressure and
apical and paravaginal support defect [22].

ROC Curves for Comparisons
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Fig. 4.23 ROC curve for comparison. © Shobeiri,
Levator Ani Deficiency and Pelvic Organ Prolapse severity,
Obstet Gynecol 2013

4.3 Changes of Levator Ani

with Aging

Injuries to the LA after a vaginal delivery are
associated with difficult vaginal birth, and with
older age [23]. Age is commonly cited as a risk
factor for developing prolapse, however few
studies have examined the effect of aging on
pelvic floor structures and function in the
absence of childbirth trauma [24]. The role of
age as a factor impacting possible age-related
abnormalities in nulliparous women is
understudied.

It is not known whether atrophic changes
related to age will affect the visualization of the
LA muscles, or mimic defects. This is important
because the thickness of normal muscles varies
among nulliparous women [25]. We performed a
study to evaluate the visibility of LA muscles in
80 community dwelling nulliparous women
LAD scoring system. Unilateral and bilateral
levator ani subdivisions were scored according
the LAD score system described above. Two
observers read all the ultrasound cubes, with a
resulting exact agreement for bilateral scoring of
each levator ani subdivision ranged from 82 to
84 % [26]. There was no correlation between
increasing age and total LA muscle scores

Difference Plot

Difference (R{2)-0-R{1)-0)

10
Meanof All

Fig.4.24 Bland Altman plot showing mean difference of measurements between readers. © Quiroz, Does age affect
visualization of the levator ani in nulliparous women? Int Urogynecol J. 2013



4 3D Endovaginal Ultrasound Imaging of the Levator Ani Muscles 83

(r=0.20, p=0.072). We found high levels of
agreement among observers in assessing 3D
EVUS scans of LAM subdivisions of nullipa-
rous women of different ages, suggesting that
age alone does not significantly impact reliable
visualization of the LA muscle on 3-D EVUS
(Fig. 4.24).

4.3.1 Levator Plate Descent Angle

and Minimal Levator Hiatus

It is known that the normal shape of LAMs
become distorted with different degrees of pro-
lapse. Despite the association between prolapse
and levator damage, there are women with pro-
lapse who do not have levator defects and
women with normal support who do have leva-
tor defects [27]. The minimal levator hiatus
(MLH) dimensions, levator plate angle (LPA),
iliococcygeal angle, and ARA have been used
for assessing the impact of levator damage on
static and dynamic imaging features [28, 29].
The puborectalis muscle is recognized as one of
the components of the levator ani that forms the
vaginal high pressure zone.

The puborectalis muscle is commonly thought
to undergo injury during vaginal childbirth, in the
form of avulsion from its insertion on the pubic
ramus [23, 30, 31]. There had been no argument
on what constitutes an avulsion mainly because it
was thought that the puborectalis is the muscle
injured. Avulsion of muscles from the pubic bone
is known to have a marked effect on levator
dimensions [32]. The MLH, which is the smallest
fibromuscular dimension of the pelvic floor out-
let, is thought to be made of levator fibers.

Due to variations in terminology, the borders
of the MLH had not been consistently defined in
the literature. The borders of the MLH have been
recently described in detail using 3D EVUS [33].
3D ultrasounds in this study were first performed
in fresh frozen cadavers and structures were then
confirmed in cadaveric dissections. Excellent
interobserver and interdisciplinary reproducibil-
ity of 3D endovaginal ultrasound in measuring
levator hiatus dimensions has been previously
reported [11].

Fig. 4.25 Anorectal angle in midsagittal view by trans-
vaginal 360° ultrasound. A anterior, AA anal axis, B bladder,
C caudad, LP levator plate, PB perineal body, PS pubic
symphysis, RA rectal axis, U urethra, V vagina. © Shobeiri.
The determinants of minimal levator hiatus. BJOG 2012

Fig. 4.26 Shortest line between pubic symphysis and
levator plate in right midsagittal view by 3D EVUS; A
anterior, B bladder, C cephalad, LAM levator ani muscle,
LP levator plate, P posterior, PS pubic symphysis, R rec-
tum, 7 transducer, U urethra. © Shobeiri

We measured the MLH area, puborectalis
area, ARA, and levator plate descent angle
(LPDA). We used the midsagittal view to mea-
sure the ARA, defined as the angle between the
rectal and anal canal axis (Fig. 4.25). The ARA
can be measured in the midsagittal plane as the
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Fig. 4.27 The axial plane is rotated posteriorly and was
advanced cephalad parallel to the shortest line between
pubic symphysis and levator plate. PS pubic symphysis.
© Shobeiri

Fig. 4.28 The midsagittal plane was expanded to make
the whole volume visible. LAM levator ani muscle, PS
pubic symphysis, R rectum, 7 transducer, U: urethra.
© Shobeiri

angle formed by the longitudinal posterior border
of the anal canal and the posterior rectal wall.
The posterior walls may be obscured at times
due to presence of gas in the rectum. We located
the shortest distance between pubic symphysis
and the levator plate which formed the anterior-
posterior (AP) diameter of the MLH. To obtain
MLH we first draw a line between the pubic sym-
physis and the most anterior point on the levator
plate (Fig. 4.26). The MLH is not in the axial plane.
This is the strength of the BK software as it can

L.H. Quiroz and S.A. Shobeiri

easily tilt the plane to become parallel to the
MLH (Fig. 4.27) and once the 3D volume is
expanded, the full MLH comes to view (Fig. 4.28).
To obtain correct measurements, the observers
should recognize the pubic symphysis and the
anal canal for an appropriate anterior-posterior
orientation of the image. In this plane, the levator ani
was visualized as a multilayer hyperechoic sling
coursing lateral to the vagina and posteriorly to
the anal canal and attaching to the inferior pubic
rami. The plane of minimal hiatal dimensions can
be identified as the minimal distance between the
inferior edge of the pubic symphysis and the
anterior border of the levator ani at the ARA.
In order to ensure that the minimal hiatal dimen-
sions are found, the axial and sagittal planes
should be carefully observed. The area of the
levator hiatus can be calculated as the area within
the levator ani inner perimeter enclosed by the
inferior pubic rami and the inferior edge of the
pubic symphysis. The length (anterior-posterior
diameter) of the levator hiatus (LH) should be
measured from the inferior border of the pubic
symphysis to the 6 o’clock inner margin of the
levator ani. The width (latero-lateral, or Left-Right
diameter) of the levator hiatus should be taken on
the widest part, perpendicular to levator hiatus
anterior-posterior diameter [11].

The AP line of the MLH corresponds to the
H line in MRI imaging [34]. We created the Pubic
Levator Ultrasound Reference Assessment Line
or in short the PLURAL plane which is a line
drawn through the anterior-posterior axis of the
mid-pubic symphysis and extended posteriorly.
The data volume was then rotated such that the
PLURAL plane was vertical. The relative position
of the MLH to the PLURAL plane was measured
using an angle which we termed the Levator Plate
Descent Angle, or LPDA (Fig. 4.29). The MLH
was measured along the puboanalis muscle medi-
ally, pubic bone anteriorly, and the levator plate
posteriorly (Fig. 4.30). In order to measure the
area created by the puborectalis muscle (puborec-
talis muscle hiatus), the puborectalis muscle
borders were determined in the semi-axial view
in a plane that had the puborectalis laterally,
pubic symphysis anteriorly, and the levator plate
posterior (Fig. 4.31). When the puborectalis
muscle hiatus was approached from the sagittal
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Fig.4.29 Levator plate descent angle in midsagittal view
by transvaginal 360° ultrasound. A anterior, AP antero-
posterior line of minimal levator hiatus (blue line), B blad-
der, C caudad, LP levator plate, LPDA levator plate
descent angle, PLURAL pubic levator ultrasound refer-
ence assessment line (green line), PS pubic symphysis, U
urethra. © Shobeiri. The determinants of minimal levator
hiatus. BJOG 2012

Fig. 4.30 Minimal levator hiatus area in axial plane by
transvaginal 360° ultrasound. AP line is in blue.
Puborectalis-pubococcygeus border is delineated with
small arrows. A anus, AP antero-posterior line of minimal
levator hiatus (blue line), LR left-right axis of minimal
levator hiatus, PC pubococcygeus, PR puborectalis, PS
pubic symphysis, U urethra, V vagina. © Shobeiri. The
determinants of minimal levator hiatus. BJOG 2012

Fig.4.31 Puborectalis hiatus in the same patient in axial
view by transvaginal 360° ultrasound. AP antero-posterior
line of minimal levator hiatus, LP levator plate, PR
puborectalis, PS pubic symphysis. © Shobeiri. The deter-
minants of minimal levator hiatus. BIOG 2012

PRH

P-PRH

Fig. 4.32 Ultrasound showing plane of MLH and PRH
in right sagittal view. AP antero-posterior line of minimal
levator hiatus (blue line), B bladder, LP levator plate,
LPDA levator plate descent angle, P-MLH plane of mini-
mal levator hiatus (blue line), P-PRH plane of puborecta-
lis hiatus (purple line), PR puborectalis, PRH puborectalis
hiatus, PS pubic symphysis, R rectum, V vagina. ©
Shobeiri. The determinants of minimal levator hiatus.
BJOG 2012

plane, its position relative to the MLH was clari-
fied (Fig. 4.32).

In order to determine the normality, we used
80 nulliparous women and measured MLH area,
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ANTERIOR

P-PRH P-MLH

Fig. 4.33 Cadaver dissection of the right hemipelvis
with the pelvic floor muscles visible. The plane of MLH
and PRH are outlined. A anus, AP antero-posterior line of
minimal levator hiatus (blue line), CX coccyx, IC iliococ-
cygeus, IS ischial spine, LP levator plate, LPDA levator
plate descent angle, OB obturator vessels, PLURAL pubic
levator ultrasound reference assessment line (green line),
P-MLH plane of minimal levator hiatus (blue line),
P-PRH plane of puborectalis hiatus (purple line), PB peri-
neal body, PC pubococcygeus, PR puborectalis, PS pubic
symphysis, V vagina. © Shobeiri. The determinants of
minimal levator hiatus. BJOG 2012

puborectalis hiatus area, ARA, and the LPDA.
Having normal ranges of measurements helps
investigators to define abnormality and perform
further research on how to restore normalcy.
In summary, the pubococcygeus forms the inner
lateral border and anterior attachment of the
MLH to the pubic bone (Fig. 4.33). The puboanalis
fibers are immediately lateral to pubococcygeus
attachments at the level of the pubic bone. There
are variable contributions of the puborectalis fibers
lateral to the puboanalis attachment. The posterior
border of the MLH is formed by the levator plate.
Eighty community dwelling nulliparous women
underwent 3D endovaginal ultrasound (Fig. 4.34).
The median age was 47 (range 22—70). The mean
of MLH and puborectalis hiatus areas were
13.4 cm? (x1.89 SD) and 14.8 cm? (+2.16 SD).
The mean anorectal and LPDAs were 156
(£10.04 SD) and 15.9 (+£8.28 SD) degrees [33].

Fig.4.34 The right sagittal view of a 3D EVUS showing
the MLH muscles and their contribution to the levator
plate. A anus, PC pubococcygeus, PR puborectalis, PS
pubic symphysis, IC iliococcygeus, T transducer, U ure-
thra. © Shobeiri

Our cadaveric dissections demonstrated the
anterior border of the MLH is comprised of
pubococcygeus and puboanalis fibers. Kim and
colleagues named this area the “pubovisceralis
entheses” [35]. Lateral to these fibers is a variable
number of puborectalis fibers. Therefore, levator
ani injury at childbirth at this location would most
certainly involve the pubococcygeus as shown
by 3D modeling by Lien et al. [5], and cephalad
edge of the puborectalis attachment if the injury
extends beyond the puboanalis fibers. In our
opinion total unilateral or bilateral disruption of all
the muscles involved in the anterior attachment
of the MLH would constitute what has been
called levator avulsion in the literature. A levator
avulsion which is a total detachment of the leva-
tor entheses at the level of the pubic bone would
result in widening of the levators and the ARA.
To our knowledge, the contribution of the puboa-
nalis muscle to this area has not been documented
previously. The injury to the puboanalis fibers
alone can potentially result in perineal and anal
protrusion. The current repair methods for peri-
neal and anal protrusion do not involve the inves-
tigation or the repair of the puboanalis muscle.
The inner border of the MLH is mostly pubococ-
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cygeus, and the posterior border is the levator
plate which forms the ARA.

The LPA as studied by the investigators mea-
sured the anterior-posterior movement of the
levator plate relative to the horizontal reference
line. Berglas and Rubin used levator myography
to demonstrate that with straining, women with
prolapse have greater inclination of the levator
plate [36]. Goodrich quantified the difference in
the LPA of 10 normal volunteers and five pro-
lapse patients before and after surgery [37].
Interestingly, they found that women who had
surgical repair of prolapse had a 10° more cepha-
lad oriented LPA as well as a larger levator hiatus
during straining even without recurrence of pro-
lapse. Ozasa and colleagues compared the levator
plate of 14 women with prolapse and 19 women
without prolapse [38]. They found that a best fit
line through the levator plate always crossed the
pubic bone in women with normal support but
never crossed the pubic bone in those with pro-
lapse. DeLancey and colleagues showed that in
women with normal support, the levator plate has
a mean angle of 44.3° relative to a horizontal ref-
erence line during Valsalva, and women with pro-
lapse have a 9.1° more vertically oriented LPA,
which was statistically different [39]. In our
study, we measured the LPDA which is the posi-
tion of the levator plate along the caudad-
cephalad plane relative to the PLURAL plane.
This angle quantifies the levator plate position in
reference to pubic bone and perineal body at rest.
LPDA is potentially useful as a separate marker
of levator function.

Conclusions and Future
Research

4.4

Advances in technology have allowed a better
appreciation of the functional anatomy of the
pelvic floor. Initially, various modalities have
documented the radiographic visualization of
what can be observed during a physical examina-
tion. With more refined understanding of the uni-
tary and global interaction of the pelvic floor and
its contents, it has become possible to image what
could only previously be determined on physical

examination in the upright position. 3D imaging
of the pelvic floor has provided an enrichment of
knowledge about the complex dimensions of the
pelvic floor, and allowed for clinicians to have an
in vivo view of pelvic floor structures, observe
dynamic changes on prompting, all during a
bedside assessment.

Technology offers a driving progress. The
wealth of knowledge that is rapidly being gained
by recognizing what is visible, yet unseen. This
raises the question of the clinical management
relevance of the technologic advances of imag-
ing. Technologic progress should be paralleled
by clinical progress and understanding of all the
extraordinary data afforded by recent new and
exciting research. Clinical management should
continue to rely on historical and clinical evalua-
tion, and we must recognize that an adjunct imag-
ing study may provide further insight into complex
pelvic floor disorders. The true role of radiologic
imaging in pelvic floor dysfunction clinical man-
agement is yet to be defined.
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Andrzej Pawel Wieczorek
and Magdalena Maria Wozniak

Learning Objectives

1. The review of available endovaginal 3D
ultrasound techniques in the urethral
and bladder imaging

2. The efficiency of each of the transducers
in the assessment of the morphology of
the urethra and bladder

3. The influence of technology used in var-
ious transducers for the quality of image
and range of available information

4. The demonstration of techniques of
examination with each transducer and
practical tips (patient position, prepara-
tion, method of acquisition)

5.1 Introduction

Female urethra is anatomically and functionally a
complex organ conditioning urinary continence.
Normal anatomy, proper position, and relations
of the urethra to the surrounding pelvic floor
structures guarantee normal function of the organ
[1-3]. Until recently most published studies
focused on transperineal ultrasound (TPUS)
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assessment of the urethra, its hypermobility,
and hyper-rotation recognized as factors in the
pathogenesis of urinary incontinence (UI) in
females. Transperineal 2D/3D/4D approach is
however based on the low frequency transducers
(3-8 MHz) and has number of other limitations
resulting in the lack of the possibility of analytic
assessment of urethral morphology.

Introduction to pelvic floor diagnostics rota-
tional transducers with perpendicular ultrasound
beam formation to examined organs, using high
frequency (12-16 MHz), working in 2D/3D
modes and with Doppler options opened the
opportunity of very detailed assessment of pelvic
organs complexity, including the urethra. The
technical differences among the transducers, var-
ious crystals, and modes of acquisition allowed
to obtain a variety of focuses in the detailed
examinations of the wurethra. This chapter
describes the characteristics of the endovaginal
transducers and optimal conditions in the exami-
nations of the urethra.

5.2 Equipment, Technology,

and Methodology

Endovaginal examinations of the urethra and
bladder may be performed with the use of three
various types of transducers, each of them
involving different beam formation technology.
These transducers include rotational mechanical
transducer (type 2050 or its newer version type

S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 91
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2052), biplane electronic transducer (type 8848),
and rotational electronic transducer (type 8838).
Technical characteristics of each of the transduc-
ers have been described in the chapter on 3D/4D
instrumentations and techniques but discussed
here briefly.

5.2.1 Patient Position

Patients are placed in a dorsal lithotomy position
on a flat couch or gynaecological chair while
the endovaginal ultrasound (EVUS) is performed.
In some patients, particularly those with pelvic
organ prolapse (POP); when the scan obtained in
the lying position is insufficient to make the final
diagnosis examination in standing position may
be helpful. Scanning on a gynaecological chair
would be recommended for patients who are
assessed with the transducer type 8848 and the
use of the automatic mover because the dimen-
sions of the mover do not allow performing the
examination on a flat couch.

5.2.2 Patients Preparation

The patients are recommended to have a comfort-
able volume of urine in the bladder. No patient
preparation is required and no rectal or vaginal
contrast is used for the examination.

5.2.3 Methodology

The methodology of obtained image depends on
the type of the transducer used. A silicon cover
for all the transducer is required. The amount of
the gel should be adjusted and equally distributed
on the whole surface of the transducer, without
air bubbles. Transducer is inserted into the vagina
in a neutral position to avoid distortion of anat-
omy due to excessive pressure on surrounding
structures. Proper 2D/3D assessment of the
urethra with the use of endovaginal approach
with each of the above-mentioned transducers is
dependent on the proper acquisition in various
sections based on different reference points.

A.P. Wieczorek and M.M. Wozniak

Transducer Type 2050/2052

This rotational 360° mechanical transducer
(See specifications in the chapter on instrumenta-
tions and techniques) has two arrays working
in the range of frequencies from 9 to 16-MHz.
It provides a good topographical overview of the
pelvic floor anatomy on the maximal length of
60 mm, which can be obtained during 60 s of
automatic acquisition if the best resolution—
minimum spacing (0.2 mm) is chosen. Larger
spacing (possible up to 3 mm) shortens the acqui-
sition time and decreases the quality of the image.
The transducer enables individual optimization
of the image depending on the selected anatomi-
cal structure in focus e.g., urethra. The acquisi-
tion on the length of 60 mm enables visualization
of the urethra in axial section from the bladder
base (level I according to Santoro et al.) to distal
orifice (defined as level IV). Ability of downward
and upward movement of the crystal inside the
transducer is manipulated by pressing the buttons
on the transducer which minimizes moving arte-
facts coming from the operator. Holding the
transducer in stable position during the acquisi-
tion ensures good quality of obtained 3D volume
dataset. Even a small asymmetry during the inser-
tion of the transducer into the vagina and lack of
neutral position results in asymmetry and/or com-
pression of the examined organs. The offline
assessment of the 3D file requires 3D viewer and
may be performed either in the scanner or in an
external computer. The 3D viewer enables also
performing the measurements of the examined
structures from the recorded 3D file. The 3D file
covers all pelvic floor organs both anterior, mid-
dle, and posterior compartment on all levels.
Measurements of all pelvic floor structures may
be performed in all sections, including very
detailed measurements of the urethra [4, 5].

The reference points to maintain symmetry of
the image in the axial section for transducer type
205/2052 are the rami of symphysis pubis and
the urethra on the screen at 12 o’clock position.
The image obtained at this particular section is
named the “gothic arch” as previously reported
[5] (Fig. 5.1). The review of 3D file allows good
assessment of the urethra, including the differen-
tiation for its three main parts being intramural
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part, mid-urethra, and distal urethra. Tiling of
the acquired 3D image in certain section may
be adjusted to the maximal cross-section and
midsagittal axial and coronal section of the par-
ticular organ which allows for obtaining reliable
anatomy (Fig. 5.2b) and reliable measurement.
Using 3D volume dataset recorded during the

Fig. 5.1 Axial section gray-scale 3D image, transducer
8838. Symphysis pubis (“gothic arch”)—reference points
of symmetry in axial section for transducers 8848, 2050,
and 2052 (B-K Medical). SP symphysis pubis, RP Retzius
plexus, U urethra, RS rhabdosphincter, T transducer in
vagina, VH vaginal hammock, LA levator ani, A anal canal
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examination all required measurements of the
urethra and its surrounding structures may be
reliably performed.

The main advantage of the transducer is a
large region covered during acquisition (360°,
all compartments) which provides a very good
overview of all pelvic floor organs making the
transducer universal for many specialties and
many purposes. An important prone is also a
wide selection of scanning time and the quality of
obtained image. The universal character of the
2050/2052 transducer makes it a gold standard
diagnostic tool in proctology [6, 7] and for pelvic
floor diagnostics, as described in 2009 by Santoro
etal. [4, 5, 8].

The main limitation of this technology is the
total length of the transducer of 54 cm which is
not particularly handy, difficult for operation,
hard to be kept in a stable position, and also often
recognized by patients as extremely long which
creates an extra anxiety for the patient. From the
methodological point of view mechanical charac-
ter of the transducer does not allow to obtain the
same resolution in all sections, only the axial
section (the section of acquisition) has the best
quality and all other sections coming from post-
processing of the 3D volume dataset have lower
resolution.

Fig.5.2 Axial section render mode, transducer 2052 (B-K
Medical) (a). Levator ani and anterior vaginal wall attach-
ments to symphysis pubis (SP). U urethra, RS rhabdosphinc-
ter, SP symphysis pubis, LA levator ani, A anal canal;

Multisurface 3D reconstruction, transducer type 8838
(B-K Medical) (b). Attachments of levator ani fibers to sym-
physis pubis are well demonstrated on oblique sections. U
urethra, 7 transducer in vagina, LA levator ani, A anal canal
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Fig.5.3 Sagittal section 3D gray-scale image with a biplane
12-MHz transducer (type 8848, B-K Medical). Entire ure-
thral lumen from the bladder neck to the external orifice
as reference point of symmetry in sagittal section for
transducers 8848, 8838, 2050, and 2052 (B-K Medical). SP
symphysis pubis, RP Retzius plexus, PB perineal body

The 8848 Transducer

This is an electronic biplane, high frequency
5-12 MHz, multielement high-resolution trans-
ducer, working both in 2D and 3D modes with
6.5 cm linear and convex views transducer (See
specifications in the chapter on instrumentations
and techniques). The transducer has the focal
range from 3 to 60 mm and contact surface in
axial section of 127 mm? in sagittal section
357 mm?. High frequency provides high resolu-
tion of examined organs allowing for very good
assessment of urethral morphology. It gives the
best broad view of anterior and posterior com-
partments for functional and anatomical studies.
This transducer requires an external mover to
obtain reliable 3D volumes. Obtained 3D volume
dataset of the anterior compartment of pelvic
floor may be analyzed in midsagittal, axial, coro-
nal, and oblique sections.

Sagittal Section

The reference organ to maintain symmetry in the
sagittal section is the visualization of the urethral
lumen on the entire length from the bladder neck
to the external orifice (Fig. 5.3). A longitudinal
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array enables to obtain 2D and 3D volume dataset
in a sagittal section as a free-hand acquisition,
during maximum time of 13.4 s with minimal
spacing of 0.2 mm. Free-hand acquisition may
be connected to artefacts due to uneven move of
the hand in time, which may distort the anatomy
and create an artificial nonexisting asymmetrical
position of urethra and the pelvic floor structures
and their abnormal shape. Free-hand acquisition
may be however performed on a normal flat
couch. Reproducible 3D studies may be per-
formed with external mover. The examination
can be performed both in B-mode and in Color/
Power Doppler modes.

To avoid artefacts connected to free-hand
acquisition the examination may be performed with
the use of automatic external mover (as described
in the chapter on 3D/4D instrumentation and
techniques). In order to safely use the mover the
examination must be performed on a gynaeco-
logical chair. With the use of the mover the ultra-
sound acquisition may be performed in a
maximum of 179°, during 46.5 s in B-mode and
in 51.2 s in Color Doppler.

Axial Section

The reference points to maintain symmetry of
the image in the axial section is the “gothic arch”
the same as in 2050/2052 transducer (Fig. 5.1).
Any asymmetrical insertion of the transducer to
the vagina may cause bias in the obtained image,
in the echostructure of the examined organs and
their dimensions and measurements.

The length of acquisition may be selected by
operator. In axial section choosing minimal spacing
of 0.2 mm the acquisition time of 11.91 s covers
6 cm. The button placed on the transducer
switches the image between the two arrays.

The 3D acquisition in axial section may be
only free-hand, which may result in inappropri-
ate urethral measurements due to distorted 3D
anatomy. This section in 2D and the offline anal-
ysis of the 3D volume dataset allows for differen-
tiation of various parts of the urethra such as
intramural anatomical elements (layer structure of
the trigone, trigonal ring), mid-urethra (differen-
tiation for rhabdosphincter, longitudinal and cir-
cular smooth muscle, submucosal venous plexus)
and the distal urethra (fibers of the compressor
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Table 5.1 Endovaginal (EVUS) 2D/3D of the urethra—characteristics of the transducers and reference points
Sections of Frequency 3D Reference Range
Transducer Arrays acquisition Type (MHz) Doppler acquisition points of view
2050/2052 Two arrays Axial Mechanical 9-16 No Automatic  Gothic arch 360°
(low and high built-in (axial)
frequency
crystals)
8848 Two arrays Axial Electronic  5-12 Yes Free-hand  Gothic arch 180°
(linear or external (Axial)
multiclement,  Sagittal mover Urethral lumen
transverse (sagittal)
multielement)
8838 Linear Sagittal Electronic  6-12 Yes Automatic  Urethral lumen 360° (tiny
multielement built-in (sagittal) blank
array stitch)

urethra) and reliable assessment of the urethral
relations to external anatomical structures such
as vaginal wall or attachments of levator ani mus-
cle fibers to the symphysis pubis.

Transducer Type 8838

This is an electronic transducer, for endovaginal
and endoanal/endorectal imaging, with automatic
high resolution 3D acquisition transducer (See
specifications in the chapter on instrumentations
and techniques). Built-in linear array rotates 360°
inside the transducer with no need for additional
accessories or external mover. It enables both
dynamic 2D and 3D scanning at wide frequency
range from 6 to 12 MHz. Its slim diameter
(16 mm) is more comfortable for the patient, easy
to hold and manipulate for the operator. Two-
dimensional scanning plane is controlled
remotely from the system keyboard. The image
field of 65 mm is covering the entire urethra from
the bladder base to the external orifice. Two-
dimensional acquisition can be obtained only in
longitudinal (sagittal) section. The reference
section to obtain symmetry is the lumen of the
urethra visualized on the entire length similarly
as in the sagittal section with use of 8848 trans-
ducer (Fig. 5.3). The urethra may be assessed as a
separate organ with a small region of interest
(ROI) e.g., 45° or as a part of the entire overview
examination of all pelvic floor in a 3D file of
almost 360° (with a tiny blank stitch) with the
time of acquisition at maximal length equaling
41.9 s with spacing of 0.4°. The spacing may be
changed which influences the examination time.

Electronic character of the transducer allows
assessing the vascularity and flow in Power and
Color Doppler modes. The Doppler assessment
may be performed either as a 2D examination and
can be recorded as a video life file on a selected
section or as a static 3D volume dataset.

The axial section may be obtained only in
post-processing from the 3D volume dataset.
Lack of axial acquisition limits the possibility to
use the symphysis pubis (“gothic arch”) as a ref-
erence point of symmetry. Inappropriate position
of the transducer and B-mode obtained only in
sagittal section may result in asymmetry of the
organs in a 3D file (Table 5.1).

5.2.4 Vascular Render Mode and
Maximum Intensity Projection

Volume render mode is a technique for the analy-
sis of the information inside 3D-volume by digital
enhancing of individual voxels (Fig. 5.2a, b). It is
currently one of the most advanced and computer-
intensive rendering algorithm available for com-
puted tomography and can also be applied to
high-resolution 3D-US data volume [9]. The typi-
cal ray/beam-tracing algorithm sends a ray/beam
from each point (pixel) of the viewing screen
through the 3D space rendered. The beam passing
through the volume data, reaches the different ele-
ments (voxels) in the data set. Depending on the
various render mode settings, the data from each
voxel may be stored as a referral for the next voxel
and further used in a filtering calculation, may be
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discarded or may modify the existing value of the
beam. The final displayed pixel color is computed
from the color, transparency, and reflectivity of all
the volumes and surfaces encountered by the
beam. The weighted summation of these images
produces the volume-rendered view [9]. Vascular
render mode refers to the application of render
mode to 3D-data volume with Color Doppler
acquisition to provide the visualization of the
spatial distribution of the vascular networks.

Maximum intensity projection (MIP) is a 3D
visualization modality involving a large amount
of computation. It can be defined as the aggregate
exposure at each point, which tries to find the
brightest or most significant color or intensity
along an ultrasound beam. Once the beam is
projected through the entire volume, the value
displayed on the screen is the maximum intensity
value found (the highest value of gray or the high-
est value associated with a color). The application
of MIP in a 3D color mode reduces the intensity of
the gray-scale voxels so that they appear as a light
fog over color information, which is in this way
highlighted. In a color volume the colors are
mapped to a given value in the volume.

Urinary Bladder

Specific features of each of the transducers param-
eters condition the range of obtained anatomical
information. However, none of the described
transducers is appropriate for the assessment of
the entire urinary bladder due to endovaginal
access and the beam formation perpendicular to
the organ. The bladder may be visualized only par-
tially, in the range depending on bladder filling.
The assessment of the entire bladder has to be
performed by transabdominal ultrasound or with
the use of endovaginal end-fire transducers used
widely in gynecology or urology.

5.3  Anatomy of Female Urethra
and Bladder
5.3.1 Ultrasound Morphology

Endovaginal insertion of the transducer can influ-
ence the position of examined organs and may
limit the reliability of the dynamic studies such

Fig. 5.4 Coronal 3D section showing bladder neck and
urethral lumen with a transducer type 2050 (B-K
Medical). B bladder, UL urethral lumen, RS rhabdo-
sphincter, SP symphysis pubis

as Valsalva and squeeze maneuvers. Stankiewicz
et al. proved that in incontinent women with no
coexisting POP both ultrasound methods (TPUS
and EVUS) have the same accuracy in the mea-
surements of urethral complex and bladder-
symphysis distance (BSD) at rest and during
Valsalva maneuver. The study demonstrated that
in females suffering from stress urinary inconti-
nence (SUI) and coexisting POP, the endovaginal
examination is not reliable in the assessment of
the urethral mobility due to alterations of
anatomical relations that result from introduction
of the transducer into the vagina. Endovaginal
approach is more appropriate for detailed assess-
ment of urethral morphology (Fig. 5.4), while
TPUS is the method of choice for dynamic
assessment [8].

All described transducers used in EVUS allow
proper assessment of ultrasound morphology of
the pelvic floor organs including the urethra and
the surrounding structures on different pelvic
floor sections and levels as previously defined by
Santoro et al. [5, 10]:

Level I the highest level visualizing the bladder
base on the screen at 12 o’clock position and the
inferior third of the rectum at 6 o’clock position;

Level II: corresponds to the bladder neck, the
intramural region of the urethra, and the anorectal
junction;
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Table 5.2 Measurements of the urethral structures obtained by 3D-EVUS taken by three observers

Observer 1 Observer 2 Observer 3

Mean (SD) Mean (SD) Mean (SD) ICC (95 % CI)
BSD (mm) 34.01 (5.1) 33.9 (5.05) 33.9(5.2) 0.964 (0.931-0.983)
Urethra length (mm) 41.2 (5.6) 40.9 (4.56) 40.7 (5.2) 0.975 (0.918-0.980)
Urethra width (mm) 13.1 (1.44) 13.24 (1.5) 13.1 (1.45) 0.892 (0.801-0.947)
Urethra thickness (mm) 11.6 (1.3) 11.02 (3.2) 11.4 (1.25) 0.848 (0.697-0.929)
Urethra volume (ml) 4.99 (1.3) 5.12 (1.38) 4.82 (1.32) 0.925 (0.86-0.964)
Intramural length (mm) 7.3 (1.7) 7.3 (1.25) 7.5(1.5) 0.870 (0.764-0.936)
RS length (mm) 18.6 (2.9) 19.1 (2.6) 19.0 (2.6) 0.942 (0.889-0.972)
RS width (mm) 35.3(4.07) 35.2(4.1) 343 (3.9) 0.85 (0.728-0.926)
RS thickness (mm) 2.4 (0.21) 2.47 (0.23) 2.4(0.24) 0.611 (0.390-0.789)
RS volume (ml) 1.27 (0.35) 1.28 (0.38) 1.24 (0.32) 0.909 (0.829-0.957)

Statistical analysis: intraclass coefficient correlation (ICC) [11]

Level III: corresponds to the mid-urethra and to the
upper third of the anal canal. To facilitate the
assessment of the position of these structures, a
geometric reference point, termed as the “gothic
arch,” was defined at 12 o’clock position, specifi-
cally at the point where the inferior branches of the
pubic bone join at the symphysis pubis (SP). At
this level, the pubovisceral muscle (PVM) (syn-
onymous with the term pubococcygeus/puborecta-
lis muscle) can be completely visualized as a
multilayer highly echoic sling lying posteriorly to
the anal canal and attaching to the pubic bone;

Level IV: the outer level, the superficial perineal
muscles, the perineal body, the distal urethra, and
the middle and inferior third of the anal canal can
be evaluated. To visualize these structures in their
entirety, the reconstructed axial section should be
tilted from the most protruding surface of the SP
anteriorly to the ischiopubic rami laterally. In the
same scan the urogenital hiatus (UGH) can be
evaluated.

The following measurements of the urethra
may be performed (Table 5.2) (Fig. 5.5):

In midsagittal plane

1. Urethral length (Ul) measured from the bladder
neck to the external meatus along the urethral
longitudinal axis.

2. BSD measured from bladder neck to the lowest
margin of the symphysis pubis. According to
Wieczorek et al. [11] frequency the mean
value of the BSD varied from 33.9 to 34.01 mm
for depending on the observer.

3. Rhabdosphincter length (RSI) measured in
anterior part of the urethra.

4. The distance between bladder neck and rhab-
dosphincter corresponding to the intramural
part of the urethra.

In axial plane of the mid-urethra

5. Urethral complex width (Uw).

6. Urethral complex thickness
Rhabdosphincter (Ut).

7. Width of the rhabdosphincter measured along
its external border, where it is attached with the
smooth muscle to the rhabdosphincter raphe—a
tissue connection to the anterior vaginal wall
(RSw); this is a summing value of the linear
measurements performed by the use of tools
available in B-K 3D Viewer. Rhabdosphincter
appears in the axial section as a slightly hyper-
echoic (compared with urethral smooth muscle)
structure surrounding ventral and lateral sides of
the mid-urethra and forming a raphe connected
to the anterior vaginal wall. Thus, rhabdo-
sphincter has its typical omega shape [11].
According to integral theories described by

Petros and Ulmsten between the mid-urethra and

the vaginal anterior wall there are pubourethral

ligaments and the suburethral vaginal hammock

[1, 2]. This hammock is attached to the endopel-

vic fascia, and laterally the urethra is limited by

periurethral space including Retzius vascular
plexus, and by the elements of levator ani. On the
section when levator hiatus is well visible also
the paravaginal spaces can be determined, located

including
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1=2.7mm 2=15.6mm 3=12.9mm

Fig.5.5 Axial (a) and sagittal (b) section, 3D gray-scale mode with a transducer type 8848 (B—K Medical) demonstrat-

ing measurements of the urethra performed in the 3D viewer

between the lateral border of the vaginal wall and
the medial border of the PVM. Shobeiri et al.
demonstrated levator ani subdivisions visible on
endovaginal three-dimensional ultrasonography
at three levels, where level 2 contained the attach-
ment of the pubovaginalis, puboperinealis, pubo-
analis, puborectalis, and iliococcygeus to the
pubic bone [12]. It is possible to explain deterio-
ration of continence with time in terms of age-
related connective tissue laxity of the vaginal
hammock. Improvement in continence after anti-
continence surgery with time can be explained by
tightening of the hammock via paraurethral scar
contraction with time [13].

The review of the literature shows significant
differences in the assessment of the anatomy of
the urethra, its dimensions and volume [4, 5, 11,
14-17]. Santoro et al. in the study performed
with high-resolution three-dimensional EVUS
2050 transducer demonstrated urethral length of
38.2 mm, urethral volume of 3.06 ml, and rhab-
dosphincter volume of 0.45 ml [5]. The results
published by Wieczorek et al. [11] performed
with the same type of transducer (2050) where
urethral length was reported at 41.0 mm, urethral
volume 4.9 ml, and rhabdosphincter volume
1.2 ml. The difference between rhabdosphincter
volume between Santoro and Wieczorek results
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most probably from different mathematical
algorithm used for calculating the volume and
also unclear borders in sagittal section which may
be interpreted differently by various operators.
Similar results were presented also by Shobeiri
et al. in the study on anterior and posterior com-
partment 3D EVUS with 8848 probe based on
direct histologic comparison where urethral
length was reported as 36.0 mm [18]. Additionally
Shobeiri et al. obtained the following mean mea-
surements of other pelvic floor structures: striated
urogenital sphincter area 0.6 cm?; longitudinal
and circular smooth muscle area 1.1 cm?; urethral
complex width 14 mm; and urethral complex area
1.3 cm?. The agreement for visualization of struc-
tures was as follows: vesical trigone 96 %, trigo-
nal ring 94 %, trigonal plate 84 %; longitudinal
and circular smooth muscle 100 %; compressor
urethra 97 %; and striated urogenital sphincter
97 % [18].

The above results are concordant also with those
obtained by Kondo et al., where morphology
obtained in transvaginal ultrasonography was
confirmed on cadaver specimens. The rhabdo-
sphincter (peripheral zone) thickness was
reported in various patients’ groups: continent,
patients with SUI and UUI as 2.78 mm, 2.14 mm,
and 2.87 mm, respectively [19]. Above results are
also accordant to those obtained by Macura et al.
in the MR study on urethral morphology [20].
These results are slightly different to those
obtained by Umek et al. who presented sagittal
urethral diameter of 8.4 mm if measured in endo-
vaginal access and 11.5 mm measured from
endoanal access, urethral volume of 1.6 ml (both
anatomical accesses) and rhabdosphincter vol-
ume of 0.7 and 0.8 ml accordingly [16]. In the
study performed by Santoro et al. with 2050
transducer [4] involving the interobserver, intra
and interdisciplinary reproducibility of pelvic
floor measurements the sole urethral dimension
measured was urethral thickness. The results
were concordant with urethral dimensions
obtained in all the above studies [4]. Moreover, as
the study focused mainly on the reproducibility
of the performed measurements in EVUS among
various specialties (urogynecologists, colorectal
surgeons, radiologists) and different experience
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in ultrasound diagnostics of operators and the
conclusions from the study were that 3D-EVUS
yields reproducible measurements of levator hia-
tus dimensions and urethral thickness in asymp-
tomatic nulliparous women. Agreement was
best where landmark edges were well defined
(LH dimensions) and acceptable where more
reader judgment was needed (urethral thickness
in the oblique axial plane). Using standardized cri-
teria, the evaluation of these pelvic floor structures
appeared to be independent from the different
background training of the readers. The method
appeared a reproducible technique for urethral
measurements [4].

The rhabdosphincter may be also evaluated dur-
ing intraurethral ultrasound as reported by Frausher
et al. This technique provides excellent high-reso-
lution images and allows for real-time visualiza-
tion of the sphincter mechanism [21]. The
rhabdosphincter thickness for patients with urge
incontinence and for patients with combined stress
and urge incontinence was reported as 3.2 mm.

However, the volumes of rhabdosphincter
given generally in the literature seem to be sig-
nificantly lower than reported by Digesu et al.
[14] and Derpapas et al. [17]. The study by
Digesu et al. demonstrated the rhabdosphincter
volume of 3.79 ml in patients with successful
surgical procedure due to SUI, while in patients
with failures 1.09 ml. In the paper by Derpapas
et al. the rhabdosphincter volume was 8.88 ml in
black women and 5.97 ml in white females. Both
studies were performed from transperineal
(TPUS) access: the study by Digesu et al. with
the use of sector, endovaginal transducer and the
study by Derpapas et al. with 3D/4D curved array
probe [14, 17].

The differences may result from the various
nomenclature of urethral anatomy treated differ-
ently by different authors. There are many contro-
versies in female urethral anatomy which have a
significant impact for understanding urinary con-
tinence [22]. Variability of obtained results among
authors may also result from various frequencies
of the transducers used, different anatomical
accesses, and various patient groups (age, race,
BMI, parity, etc.). The differences in urethral
morphology and physiology between black and
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white women have been already reported in the
literature [17, 23]. Howard et al. reported that
black women demonstrated difference in ultra-
sonically measured vesical neck mobility during a
maximum Valsalva effort compared to white
females (blacks=—17 mm vs. whites=—12 mm).
Functional and morphologic differences exist in
the urethral sphincteric and support system of
nulliparous black and white women [23].

Moreover, the diagnostics of such a small organ
as urethra may relatively easily result in variability
of the measurements obtained in various tech-
niques among the authors. Moreover, the review of
the literature concerning 3D diagnostics of urethral
complex shows that most researchers perform only
one acquisition in axial plane to obtain 3D dataset,
which also may potentially influence obtaining
reliable measurements in all three planes.

5.3.2 Urethral Vascularity

Vascularity is one of the major factors contrib-
uting to maintaining the normal function of the
urethra. The vascularity, and particularly the
presence of cushioning blood vessels within
the submucosa, conditions the normal tension of
the urethral mucosal wall [24, 25]. Sphincteric
closure of the urethra is normally provided by
urethral striated muscles, the urethral smooth
muscle, and the vascular elements within the sub-
mucosa. Each is believed to contribute equally to
resting urethral closure pressure [24]. The sub-
mucosal vascular systems become engorged with
blood, which causes swelling of the submucosa
and decreasing the diameter of the urethral lumen
[22]. Furthermore, the vascularity system is also
responsible for the proper synthesis of factors
that influence surface sealing of the urethral
lumen.

Up to now, the assessment of urethral vascu-
larity has mainly been based on selected Doppler
parameters (velocity [V], resistive index [RI],
pulsatility index [PI]), measured with transperi-
neal ultrasound (TPUS) [26, 27]. Siracusano et al.
[27] demonstrated the usefulness of color Doppler
and spectral Doppler scans in the assessment of
urethral vascularization in healthy young women,
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defining the RI in urethral vessels at three parts of
the urethra (proximal, middle, and distal), and
reporting an increased RI in the intramural part of
the urethra. Also the attempts of the assessment
of vascularity after intravenous contrast agents
administration were undertaken [27, 28] from
transperineal approach. Siracusano et al. per-
formed the examinations after intravenous appli-
cation of ultrasound contrast in order to enhance
Doppler signals from the urethral vessels, which
seemed to generate good results. The application
of invasive and relatively expensive diagnostic
methods, such as intravenous contrast agent
administration seems to be unnecessary consider-
ing the recent advances in ultrasound diagnostics,
particularly in high frequency endoluminal ultra-
sonography (12 MHz) in urological practice,
which can generate an ultrasound beam that is
perpendicular to the urethra and in almost direct
contact with the organ, thus enabling vascular
assessment [29, 30].

The usefulness of Color Doppler in the quan-
titative assessment of the urethral vascularity has
been already described [29]. The studies per-
formed by Wieczorek et al. [29] demonstrated
that high frequency transvaginal ultrasound with
the use of Color Doppler mode is a very reliable
method enabling visualization of urethral vessels
distribution. The vascularity differs in different
parts of the urethra with the mid-urethra being
the most vascularized part of the organ. In the
best oral poster by a fellow during ICS 2012,
Lone et al. showed significant reduction in the
vascularity parameters in all measured variables
in urinary continent women when parity was
accounted for [31].

Quantitative assessment of the urethral vascu-
larity may be performed with the use of an inde-
pendent external software package (Chameleon
Software, Freiburg, Germany) which has been
proved as a valuable tool for providing reproduc-
ible quantitative analysis of vascular parameters
for the entire urethra [29, 30]. The analysis is
based on video files recorded in Color Doppler
mode. The video files may be recorded using
transducers type 8848 or 8838. The vascular
pattern may be obtained both in sagittal section at
the level of urethral lumen and axial section at the
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Fig.5.6 Endovaginal ultrasound with a biplane 12-MHz
transducer (type 8848, B-K Medical) using linear array.
Analysis of the vascular parameters with the use of Pixel
Flux software in the longitudinal (sagittal) section. Four

level of mid-urethra with the use of the transducer
type 8848 or in sagittal section at the level of ure-
thral lumen with the use of the transducer type
8838. The data must be registered as video files in
a stable position of the probe.

The vascular pattern may be analyzed within
manually defined ROIs. The software automati-
cally calibrates distances and color hues as flow
velocities and calculates the color pixel area and
flow velocity—encoded by each pixel—inside a
ROI of a video sequence (20-90 images). Videos
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regions of interest (ROIs) are defined: at the entire urethra
from the bladder neck to the external orifice (a), the intra-
mural part of the urethra (b), the mid-urethra (c), and the
distal urethra (d). SP symphysis pubis, RP Retzius plexus

with movement artefacts are automatically or
manually excluded from perfusion quantification.

In sagittal section regions of interest could be
set at sequence at 3 levels (intramural, mid-
urethra, and distal urethra) (Fig. 5.6a—d). In axial
plane two regions of interest could be defined for
each patient—one comprising the rhabdosphinc-
ter (the outer ring of urethra) and the second
comprising the circular smooth muscle, the lon-
gitudinal smooth muscle, and the submucosa (the
inner ring of the urethra) (Fig. 5.7a—c).
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Fig.5.7 Endovaginal ultrasound with a biplane 12-MHz
transducer (type 8848, B-K Medical) using transverse
array. Analysis of the vascular parameters with the use of
the Pixel Flux software in the axial section at the level of
mid-urethra. Three regions of interest (ROIs) are defined:

The following parameters may be
automatically computed for each single frame of
the video within each ROI:

— The velocity (V), corresponding to the color
hue of the pixels inside the ROI

— The perfused area (A), given by the number of
perfused pixels inside the ROI

— The perfusion intensity (/), defined as the ratio

I=VA/AROI, where AROI denotes the total

area of the ROI

In this way, the perfusion intensity increases
with the perfusion velocity, but decreases if less

entire urethra (a), the external part of the urethra (rhabdo-
sphincter) (b), and at the internal part of the urethra
(including the lisosphincter muscle that comprises the cir-
cular smooth muscle, the longitudinal smooth muscle, and
the submucosa) (¢)

of the total area of the ROI is perfused. This
parameter is calculated for every image in each
video, in order to compute averages and pulsation
indices of the parameters, always with respect to
the duration of a full cardiac cycle. Inside the
ROI, the whole area occupied by the colored pix-
els is calculated. This calculation is automatically
repeated for the same ROI for all images of a
digital video. The detection of one full heart
cycle is also done automatically by the software.

The output is the measure of flow quantity
inside the ROI, called “perfusion intensity,”
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calculated in terms of the hue of the pixels in
the ROI:

— The pulsatility index (PI)

— The resistance index (RI)

Each parameter is calculated including data
from all imaged vessels in Color Doppler mode
coded as red and blue reflecting the direction and
velocity of blood particles movement. Results
represent the sum of “red” and “blue” values
named as “mix” value for each parameter (Vmix,
Imix, Amix, PImix, and RImix.) [29, 30].

5.4 Clinical Applications

of Urethral Ultrasound

According to Chaudhari et al. the introduction of
high-resolution surface and intracavitary trans-
ducers in conjunction with three-dimensional
acquisition has enhanced the role of US in the
diagnostics of urethra [32]. From the clinical
point of view recent advances in ultrasound allow
more detailed evaluation of urethral and periure-
thral abnormalities enabling categorization the
patients suffering from pelvic floor disorders for
various groups, with or without existing anatomi-
cal abnormalities. It is very important to define
prior the treatment if the cause of the abnormality
has the anatomical background or is purely func-
tional disturbance as it significantly influences the
choice of treatment. Chaudhari et al. stated that in
case of the presence of anatomical pathologies
the distinctive imaging features and locations of
the various diseases aid in narrowing the differ-
ential diagnosis. Real-time US has exciting
potential as the tool for more comprehensive
analysis of the pathophysiologic features of the
complex disorders that affect the female urethra
and periurethral tissues [32].

There are numerous risk factors for the devel-
opment of pelvic floor dysfunction, including
age, multiparity, and history of vaginal delivery,
menopausal status, obesity, and history of hyster-
ectomy. Patients present with signs and symptoms
that often overlap with those of urethral diverticula
and periurethral cystic lesions, including pelvic
pain, incontinence, dyspareunia, incomplete
emptying, and, at times, visible organ protrusion
(Fig. 5.8) [32].
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Fig.5.8 Axial section 3D B-mode with a transducer type
2052 (B-K Medical). Urethra and symphysis pubis in pel-
vic organ prolapse (POP 3) and urinary incontinence (UI).
Lack of differentiation of anatomical pelvic floor struc-
tures. Enlargement of urogenital hiatus. U urethra, SP
symphysis pubis, T transducer in vagina, A anal canal

High frequency endovaginal 3D morphology of
the urethra can significantly enrich our knowl-
edge about abnormalities which are not clinically
evident which may play role as causative factors of
urinary incontinence. According to Wang et al. the
urological anatomies can be generally categorized
into three types: abnormal communication of
urogenital tracts, malformation of bladder or
ectopic ureter, and anomalies of urethral orifice.
Ectopic ureters and ureteroceles are typically
diagnosed in childhood and rarely present in
adults. Nevertheless, ureteral ectopia should be
included in the differential diagnosis of older
patients who present with urinary tract infections
or urinary incontinence (Fig. 5.9) [33]. Surgical
corrections are helpful for most cases [34]. This
has been confirmed by Tunn et al. [35] in updated
recommendations on ultrasonography in urogy-
necology, where he concluded that ultrasonogra-
phy is a supplementary, indispensable diagnostic
procedure and that TPUS and ERUS are the
most useful techniques. In patients undergoing
diagnostic work-up for urge incontinence, US
occasionally demonstrates urethral diverticula,
leiomyomas, and cysts in the vaginal wall [35].
High frequency high-resolution EVUS allows
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Fig. 5.9 Gray-scale axial section, transducer 8848
(B-K Medical). Dystopic urether entering the urethra

comprehensive evaluation of both congenital
and acquired pathologies including diverticula,
abnormal urethral insertion, dystopic/ectopic
urethers, calcifications, ureterocele, fistulas, and
other urethral and paraurethral lesions [36].
Among periurethral cystic lesions abnormalities
such as Gartner duct cyst, Bartholin gland cyst,
Skene duct cyst, miillerian cyst, epidermal inclu-
sion cyst, perineal-vulvovaginal endometriomas,
and injected collagen may be diagnosed. It is
important for radiologists to be aware of the imag-
ing characteristics of these entities, in particular
their location, to differentiate them from urethral
diverticula [32]. Although the exact mechanism of
diverticular formation is unknown, the most com-
monly accepted theory implicates the periurethral
glands. Obstruction of the periurethral gland duct
is associated with infection which results in
abscess formation, which subsequently ruptures
into the urethral lumen forming the diverticulum.
Yang et al. showed on two cases of paraurethral
abnormalities such as urethral diverticulum and
paraurethral abscess that transvaginal sonography,
with its high-resolution visualization of the lower
urinary tract, may aid in the diagnosis and treat-
ment of such disorders. Using three-dimensional
technology, the internal architecture of the
paraurethral abnormalities and their spatial rela-
tionship to the urethra and bladder, important
considerations at surgery, are clearly demonstrated
on ultrasonography. Complete excision of complex
paraurethral anomalies may be performed under
transvaginal sonographic monitoring without

inadvertent injury to the bladder or urethra [36].
Urethral diverticulum has been reported in 1.4 %
of women with stress urinary incontinence
(Fig. 5.10) [37]. In total population of females the
prevalence of this pathology is estimated for
approximately 0.6-6 % [32]. EVUS enables reli-
able diagnostics of urethral diverticula, preopera-
tive assessment and if necessary the diagnostics of
postoperative complications. For preoperative
planning, it is vital to evaluate the diverticula in
terms of location, size, number, configuration,
possible sac contents, mass effect, and position of
the neck, resection of which is critical in prevent-
ing recurrence [32]. Complications of urethral
diverticula include infection, calculus formation, and
neoplasm development [32]. EVUS seems to play
an important role in the diagnostics of periurethral
abscesses. A case report by Huang et al. showed
the usefulness of EVUS in the diagnostics of vagi-
nal abscess mimicking a cystocele and causing
voiding dysfunction after Burch colposuspension
[38]. According to Chaudhari urethral fistulas
are divided into urethrovaginal, rectourethral,
and urethroperineal subtypes [32]. The study by
Rostaminia et al. showed that visualization of peri-
urethral structures by 3D endovaginal ultrasonog-
raphy (EVUS) in midsagittal plane is not associated
with SUI status. There were no differences in
visualization of defects in the trigonal ring, vesical
trigone, trigonal plate, longitudinal muscle, and
striated muscle between groups. The authors
found no meaningful statistical difference in the
visualization of striated muscle by continence sta-
tus, but the proportion of striated muscle defect
visualized in incontinent women was 21 % more
than in continent women [39].

EVUS is a very important modality in the
algorithm of the diagnostics and monitoring of
treatment of urethral tumors [40]. Urethral leio-
myomas are extremely rare, benign smooth mus-
cle tumors that may grow during pregnancy and
result in dysuria. A well-defined homogeneous
tumor with increased vascularity is the typical
US manifestation. Urethral carcinoma is a rare
neoplasm that accounts for less than 0.02 % of
all malignancies in women. Squamous cell car-
cinoma (70 % of cases) classically involves the
distal urethra and the external urethral meatus.
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Fig. 5.10 Sagittal section gray-scale (a) and Color
Doppler (b) mode with 8848 transducer (B—K Medical)
demonstrating vaginal diverticula (arrows). The image

Transitional cell carcinoma (20 %) and adenocar-
cinoma (10 %) typically involve the proximal
urethra. Urethral malignancies exclusively
involving the distal third of the urethra are known
as anterior urethral tumors, with the remainder of
malignancies being referred to as entire urethral
tumors [32].

Secondary urethral carcinomas are rare tumors
that extend contiguously from the urinary blad-
der, cervix, vagina, uterus, and anus, may occur
during urethral instrumentation or by hematoge-
nous tumor spread [32]. High frequency US may
be a very important diagnostic tool in the assess-
ment of these pathologies, their distribution, and
relations to the surrounding tissues.

EVUS helps in demonstration of bladder
diverticula, foreign bodies in the bladder, and
bullous edema. Moreover, this diagnostic procedure
allows documentation of functional and morpho-
logic findings, such as position and mobility of
the bladder neck.

Urethral mobility, urethral vascularity, funnel-
ing of the internal urethral meatus, bladder neck
descent, and bladder wall thickness (Fig. 5.11) may
be evaluated on TPUS and EVUS. In patients with
stress incontinence, but also in asymptomatic
women [41], urethral funneling (UF) may be
observed on Valsalva maneuver and sometimes
also at rest. Its morphologic basis is unknown and
its incidence is reported to range from 18.6 to

performed in Color Doppler mode (b) presents hypervas-
cularity due to the infection of the diverticula. B bladder,
U urethra, SP symphysis pubis

Hypertrophic
bladder

trigone

Fig. 5.11 Sagittal section 3D gray-scale image with a
biplane 12-MHz transducer (type 8848, B—K Medical).
Hypertrophy of the bladder trigone

97.4 %. Funneling is often associated with leakage,
and occasionally weak grayscale echoes may be
observed in the proximal urethra, suggesting urine
flow and therefore incontinence during straining.
However, funneling may also be observed in urge
incontinence. Marked funneling has been shown to
be associated with poor urethral closure pressures
[42, 43]. Tunn et al. [44] performed introital US in
stress urinary incontinence to distinguish patients
with and without UF. The two groups were com-
pared for clinical history, urodynamic results, and
MRI findings. The results of this study, however,
could not elucidate the pathogenesis of UF.
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The demonstration of UF crucially depends on the
examination technique employed [44].

EVUS is arelatively new technique showing the
relations of bladder neck and the urethra. Up to
date publications concerning these relationships
were based mainly on TPUS, such as the paper
published by Schaer et al. who evaluated the blad-
der neck in continent and stress incontinent women
(5 MHz curved linear array transducer) with the
help of US contrast medium (galactose suspension-
Echovist-300). This method allowed quantifica-
tion of the depth and diameter of bladder neck
dilation, showing that both incontinent and con-
tinent women may have bladder neck dilation
and that urinary continence can be established at
different locations along the urethra [41]. Parity
seemed to be a main prerequisite for a proximal
urethral defect with bladder neck dilation. Dietz
et al. reported that bladder neck mobility and maxi-
mum urethral closure pressure are strong predictors
of the diagnosis of urinary stress incontinence, pro-
vided that major confounders such as previous
incontinence or prolapse surgery, pelvic radiother-
apy, or urethral kinking on ultrasound are excluded.
Bladder neck descent explains 29 % and urethral
closure pressure 12 % of overall variability. Bladder
neck mobility appears to be the strongest predictor
[45]. Petros et al. demonstrated that dynamic peri-
neal ultrasound studies show that mid-urethral
anchoring of vagina prevents bladder neck descent,
funneling, and urine loss on effort. Appearances
are consistent with continence control by a muscu-
loelastic mechanism [46].

Hall et al. performed a comparison of periure-
thral blood flow resistive indices and maximum
urethral closure pressure in women with stress
urinary incontinence. They reported that transla-
bial ultrasound (TLUS) and Doppler spectral
waveform can confidently include assessment of
morphology and urethral resistive indices [47].

Khullar et al. [48] described a technique of
measuring bladder wall thickness using EVUS.
Ultrasonographic measurements showed a good
intra- and interobserver reproducibility. Women
with urinary symptoms and detrusor instability
were found to have significantly thicker bladder
walls than women with urodynamically diagnosed
stress incontinence. This result was confirmed in
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another study by the same authors, who reported
that a mean bladder wall thickness greater than
5 mm at EVUS is a sensitive screening method for
diagnosing detrusor instability in symptomatic
women without outflow obstruction [49].

Assessment of the urethral sphincter using a
3D ultrasound scan predicts the outcome of conti-
nence surgery [14]. By performing 3D-TPUS
with the use of a sector endovaginal probe, Digesu
et al. found that the rhabdosphincter volume was
a predictive factor for surgical outcome [14]. The
study by Klauser et al. performed by dynamic
intraurethral sonography with a 12.5-MHz trans-
ducer in the diagnostic evaluation of the function
of the rhabdosphincter in female patients with
urinary stress incontinence in relation to patient
age an age-related decrease in rhabdosphincter
function was found [50]. Perucchini et al. sug-
gested that aging is connected to the loss of ure-
thral muscle fibers which in ultrasonography is
observed as increase in echogenicity of the ure-
thra and particularly the rhabdosphincter and/or
coexisting decrease in rhabdosphincter volume
[51-54]. Post-inflammatory changes may include
intra- and periurethral calcifications, fibrosis, and
diverticula (Figs. 5.12 and 5.13).

Comparative studies have shown good corre-
lation between TPUS and radiological methods
in the assessment of urinary incontinence and
voiding dysfunction [55, 56]. There are still no
comparative studies between EVUS and radio-
logical imaging as the method is still relatively
new. In the prospective blinded comparative clin-
ical study 125 women by Dietz videocystoure-
thrography and cystometry as well as transperineal
ultrasound as part of their diagnostic work-up
for urinary incontinence or after incontinence-
correcting surgery were compared. Mean bladder
neck descent was significantly greater with ultra-
sound compared to VCU. Rotation of the proxi-
mal urethra was not always seen on X-ray, but
when it was there was good correlation with US.
There was also good agreement between both
tests regarding visualization of funneling or
opening of the proximal urethra, with both tests
showing equivalent results in 95 out of 117
patients. Overall a good correlation between
ultrasound and radiological findings was
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0,6 cm

Fig.5.12 Axial section 2D gray scale with transducer 8848 (B—K Medical). Post-inflammatory changes of the ure-
thra—small diverticulum, calcifications, fibrosis, lack of differentiation of the rhabdosphincter

Fig. 5.13 Axial section 3D gray-scale mode, transducer
8848 (B-K Medical) image demonstrating urethral
calcifications

observed. Both methods allowed anatomic
assessment of the bladder neck and had different
strengths and weaknesses. Ultrasound imaging
may be preferable as it is cheaper, requires less
technological back-up and avoids the risks of
radiation exposure and allergic reactions to con-
trast medium [55]. Gordon et al. also found good
correlation between perineal ultrasound scanning
and radiologic scanning of the bladder neck [56].

Ultrasonography allows evaluation of anti-
incontinence procedures and helps in understand-

ing their failure [40]. The study performed by
Kociszewski et al. performed with introital ultra-
sound (3.6-8.3-MHz vaginal probe, 160° ultra-
sound beam angle) revealed specific ultrasound
findings that can be obtained if the tape is either
too close to the urethra or too far away and that
these findings were associated with a lower cure
rate and higher rate of complications. Outcome
was best in women in whom US demonstrated
the elastic sling to lie parallel to the urethra at rest
and assume a transient C-shape during straining.
The authors assumed that this ultrasound finding
suggests tension-free orthotopic positioning of
the tape and that this position makes optimal use
of the tape’s elasticity reserve, thereby ensuring
sufficient compression of the urethra during
Valsalva maneuver. Published data also indicated
that if ultrasound showed tape functionality at
6-month, the patient can expect mid-term cure
and a low mid-term complication rate [57, 58].
Ultrasound is particularly useful in the assess-
ment of postoperative voiding dysfunction. The
minimum gap between implant and symphysis
pubis on maximal Valsalva maneuver seems to be
the single most useful parameter in the postopera-
tive evaluation of suburethral tapes, as it is associ-
ated negatively with voiding dysfunction and
positively with both SUI and UUI [59].
Occasionally, sonographic findings will suggest
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Fig.5.14 (a) Multisurface 3D reconstruction, transducer
type 2050 (B-K Medical) demonstrating postoperative
hematoma. (b) Multisurface 3D reconstruction, trans-
ducer type 2050 (B-K Medical) demonstrating bulking

tape perforation (partial or complete), with the
implant found within the rhabdosphincter muscle,
or even crossing the urethral lumen. At times it is
necessary to divide an obstructive tape, and ultra-
sound can help in locating the tape, as well as in
confirming tape division postoperatively [60].

It is important to recognize postoperative
changes in the urethra and periurethral tissues and
to differentiate these changes from primary ure-
thral disease. Periurethral injection of collagen for
stress urinary incontinence can give rise to an
echogenic lesion that may be mistaken for a neo-
plasm. Periurethral calcification can be seen in
patients with suture granulomas and in patients
who have undergone Durasphere injection which
is an injectable agent for stress urinary inconti-
nence. Suture granulomas that develop as a hyper-
sensitivity reaction by the host to suture material
may appear as discrete, echogenic foci [61].
Defreitas et al. used endocavitary 3D-US to exam-
ine the distribution of periurethral collagen and to
incorporate this technology into a practical treat-
ment decision algorithm for women with stress
urinary incontinence requiring collagen injection
[62]. Forty-six women who received periurethral
collagen injection were assessed with 3D US 7.5-
MHz transvaginal 3D probe placed beneath the
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agents protruding to the bladder lumen above the bladder
neck, suburethral tape, and retrovaginal abscess. B bulk-
ing agents, UL urethral lumen, T tape, AB abscess, A anal
canal

urethral meatus to document the position and
volume of collagen around the urethra. Patients
with a good clinical response were observed with
serial 3D US scans. Circumferential distribution
of collagen around the urethra was associated
with a higher likelihood of clinical success. The
authors found that ultrasonographic evaluation of
collagen volume and periurethral location was an
affordable, noninvasive, and objective technique
to predict improvement after periurethral collagen
injection [62].

EVUS is also a very good method for the
diagnostics of postoperative complications such
as haematomas (Fig. 5.14a, b) or fistulas
(Fig. 5.15a, b). It enables the visualization of the
pathology and also very precise defining of its
dimensions, distribution, and relations to sur-
rounding structures being very helpful in clinical
decision concerning the type of treatment of the
complications. The advantage of the method is
also the possibility of detailed assessment in
patients who undergone multiple pelvic floor sur-
geries (Fig. 5.14b) as well as complications fol-
lowing vaginal deliveries and obstetrical trauma
(Fig. 5.16).

Ultrasonographic imaging findings, however,
do not always correlate with clinical findings
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Fig.5.15 (a) Multisurface 3D reconstruction, transducer
type 2050 (B—K Medical) demonstrating tape, folded and
elongated in the distal part, with coexisting postoperative
fistula (arrows); (b) Sagittal section with the transducer

Fig.5.16 Coronal section 3D gray scale with transducer
8838 (B—K Medical). Lack of symmetry, massive thicken-
ing of the vaginal wall on the right side due to the obstetri-
cal trauma and episiotomy. U urethra, SP symphysis
pubis, V vagina, T transducer in vagina

and patient symptoms, nor does anatomical cor-
rection always lead to functional correction.
Nevertheless, the goal of pelvic surgery is to

type 8848 (B-K Medical) during Valsalva maneuver
showing the tape protruding to the urethra due to too tight
insertion and causing bladder outlet obstruction

relieve patient symptoms and to restore anatomy
and function whenever possible. There is no
doubt that the additional knowledge gained from
multicompartmental ultrasonography of the pel-
vic floor, with a systematic “integrated” approach,
will improve our chances of actually reaching this
goal. Imaging findings are already leading to either
modification or a choice of specific operative
procedures [60].

5.5 Conclusions and Future
Research

5.5.1 3D Endovaginal (EVUS)
Ultrasound

The 3D EVUS with use of all above-described
transducers due to high frequencies of the probes
and the possibility of 3D acquisition enable to get
coronal, axial, and oblique sections of pelvic
floor and deliver analytic insight into all pelvic
floor structures including the urethral morphol-
ogy and defining its normal anatomy or existing
abnormalities, which may be responsible for pel-
vic floor disorders. Described transducers differ
among themselves with type of data acquisition,
different reference points to obtain optimal view
and other details. The electronic character of the
crystals, very high resolution of obtained images
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together with option for the assessment of the
vascularity of examined organs decide about the
unique imaging opportunities impossible before
for all the pelvic floor structures, particularly the
urethra and its detailed anatomical and dynamic
assessment. The publications by Shobeiri et al.
concerning the anatomy of anterior and posterior
compartment confirmed with cadaveric studies
are a real breakthrough in the attitude to future
correlations of the ultrasound morphology, clini-
cal methods, and additional examinations for the
understanding of many elements influencing the
continence/incontinence in women [12, 18]. It is
important to remember that these techniques
were described for the first time at the end of the
year 2000 [5, 58]. The availability of these trans-
ducers is incomparably less than the transducers
used for TPUS, but they have universal character
and may be used by many specialties dealing with
pelvic floor diseases. The main advantages apart
from very analytic view of examined structures
are wider accessibility of ultrasonography than
other imaging techniques, simplicity of the per-
formance, and easiness of understanding and
interpretation together with clinical examination
and additional tests.

5.5.2 3D EVUS in Interventional
Treatment

The most important application of 3D EVUS of
the urethra is the understanding and the attempt
of explanation the causes of the high percentage
of failures in surgical treatment of patients with
urinary incontinence and POP. The influence of
the tape and mesh position implemented in the
restoration of anatomy continuous to be still
unclear. The opportunity of static and dynamic
three-dimensional examinations and their record-
ing will bring new light into the explanation of the
causes of surgical failures. The advantage of 3D
EVUS is also the assessment of the tension of
tapes and their mobility, particularly in patients
with postoperation bladder outlet obstruction or
voiding dysfunctions. Another advantage of 3D
EVUS is the possibility of detailed assessment of
the dimensions and the distribution of the postop-
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erative fistulas in the pelvic floor. Important
advantage of 3D EVUS is also the possibility of
defining localization and dimensions of abnormal
fluid collections such as hematomas or empy-
emas. It is also important to remember that among
all available imaging modalities only ultrasound
scanner with biopsy attachment may be used not
only in diagnostics and monitoring of treatment
but also for interventions in the operating theatre.
Aspiration of abnormal fluid collections with
subsequent lavage and sclerotization can reduce
the number of surgical interventions.

5.5.3 Future Applications and
Directions of Development

The knowledge of normal and abnormal anatomy
of the pelvic floor conditions proper understand-
ing of all these clinically complex processes.
Most probably in future years there will be many
publications about newly discovered previously
unknown and not described anatomical elements
and their relations, not only in urethra but also in
all pelvic floor structures in various groups of
clinical disturbances. One of the most important
advantages of 2D/3D EVUS of the urethra is the
possibility of assessment of vascularization. It is
known that the pregnancy and the labor may
deteriorate nerve, muscular, and vascular supply.
Recent reports concerning the changes of ure-
thral vascularity depending on parity is the
example of hopes which can be fulfilled in the
future in comparison to other methods such as
urodynamic studies [31]. The possibility of
delineating very small ROIs gives hope for creat-
ing the opportunity of defining vascularity of
tiny organs and their parts for example rhabdo-
sphincter or other parts of the urethra. 3D EVUS
and quantification of vascularity together with
detailed morphological image of urethra, its
location, and relations to other organs may give
many new information about the prediction for
the effectiveness of surgery. The ultrasonogra-
phy undergoes huge development; 2D techniques
are developed into 3D; these techniques enable
to get better resolution; they are enriched with
dynamic studies for example motion tracking
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and color vector mapping which enable the
assessment of biomechanical properties of tis-
sues and organs. Computer-aided vector-based
ultrasound appears to be a feasible and valuable
tool for the assessment of bladder neck and
urethral mobility and the evaluation of posterior
compartment muscles displacement [63, 64].
More often the fusion of various techniques
images is possible for example MR and US,
which may bring new information about mor-
phological and dynamic information about uri-
nary incontinence (UI) and POP.
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3D Endovaginal Imaging
of the Anorectal Structures

Dena E. White and S. Abbas Shobeiri

Learning Objectives

1. Briefly review anatomic structures
relevant to sonographic imaging of the
anorectal structures

2. Discuss techniques of 2D transperineal
and 2D/3D endovaginal imaging of the
anorectal structures

3. Discuss clinical applications of 2D
transperineal and 2D/3D endovaginal
imaging of the anorectal structures

6.1 Introduction

Posterior compartment pathologies, including rec-
tocele, enterocele, rectal intussusception, and pelvic
floor dyssynergy, are common in the urogyneco-
logic population and are related to bothersome
symptoms, including discomfort from prolapse,
obstructed defecation, incomplete bowel emptying,
and the need to splint with bowel movements. At
times difficult to diagnose on clinical examination,
many of these disorders have historically been dif-
ficult to fully evaluate and treat optimally due to
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technological limitations. Neither 3D endoanal
ultrasonography (EAUS) nor MRI defecography
can simultaneously evaluate both functional dis-
eases and posterior compartment anatomy [1-3].
3D endovaginal ultrasonography has emerged
as an imaging technique capable of visualizing
important anorectal structures while allowing for
functional evaluation of common disorders. By
allowing visualization of structures within the
axial, sagittal, and coronal planes of the rendered
3D volume rendered from 3D endovaginal imag-
ing (3D EVUS), one can evaluate the internal and
external anal sphincters (IAS and EAS), the recto-
vaginal septum (RVS), and the anorectal angle
(ARA), as well as perform dynamic imaging by
asking the patient to perform a Valsalva maneuver
during the ultrasound examination [4]. Similarly,
transperineal ultrasound (TPUS) has been shown
to be useful in the anatomic and functional evalu-
ation of posterior compartment prolapse [5, 6].

In this chapter, we will discuss the techniques
and clinical applications of both 3D EVUS and
TPUS as they relate to evaluation of the anorectal
disorders.

6.2  Sonographic Anatomy

6.2.1 Transperineal Imaging
3D TPUS imaging using GE and Phillips

abdominal probes (Fig. 6.1) has been extensively
studied as an alternative to EAUS, largely as an
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Fig. 6.1 GE RAB4-8-RS 4-8 MHz probe used for 3D
transperineal imaging of the pelvic floor. © Shobeiri

attempt to minimize patient discomfort and to
allow for functional evaluation of anorectal struc-
tures. More about this is presented on the chapter
on transperineal ultrasonography. Using TPUS
technology, it is possible to evaluate the anatomy
and biometry of the pelvic floor (Fig. 6.2) as well
as the anal sphincter complex, including the
evaluation of defects within the internal and/or
external anal sphincter [7-9]. Additionally, it is
capable of visualizing the perineal body and the
levator plate in the midsagittal plane [7, 10]. It is
capable of visualizing the superficial transverse
perineal muscle or the anterior longitudinal
length of the external anal sphincter.

6.2.2 Endovaginal Imaging

3D EVUS can provide a detailed anatomic depic-
tion of normal posterior compartment structures,
and the comparison of these structures to those
seen on cadaveric specimens established the
basis for the reliable use of this technology in the

Fig. 6.2 Normal pelvic floor anatomy as seen on 3D
transperineal imaging. PS pubic symphysis, U urethra, V
vagina, A anus, LA levator ani. © Shobeiri

evaluation of the critical anatomy in this com-
partment [11]. Additionally, the ARA, which is
important in functional assessments, can be visu-
alized and measured [5]. For the beginner sonog-
rapher, evaluation of the axial, sagittal, and
coronal planes of the rendered 3D volume makes
it possible to fully assess the structural and func-
tional anatomy of the anorectum.

Axial Plane

The axial plane allows for visualization of the
internal and external anal sphincters. The anal
mucosa is visualized at the 6 o’clock position,
with the internal anal sphincter creating a
hypoechoic ring around the anus. The external
anal sphincter can be seen as the more hyper-
echoic structure surrounding the internal anal
sphincter (Fig. 6.3). In 360° imaging with a BK
2052 or 8838 probe, this plane also allows for
the evaluation of the levator ani subdivisions,
which is discussed in the levator ani imaging
chapter. In posterior 3D imaging, important
information about the levator plate anatomy can
be obtained.

Sagittal Plane
The midsagittal plane gives a longitudinal view of
the perineal body, external anal sphincter (main
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Fig.6.3 Axial view of the anal sphincter complex as seen
on 3D EVUS. T transducer, STP superficial transverse
perinea, A anus, EAS external anal sphincter, /AS internal
anal sphincter, PM perineal membrane, BS bulbospongio-
sus muscle. © Shobeiri

Fig.6.4 3D EVUS image of the posterior compartment in
the midsagittal plane in a patient with normal anatomy. A
anus, RVS rectovaginal septum, LP levator plate, IAS inter-
nal anal sphincter, EAS external anal sphincter, STP super-
ficial transverse perinea, ARA anorectal angle. © Shobeiri

and subcutaneous sections), internal anal sphinc-
ter, and RVS (Figs. 6.4, 6.5, and 6.6). The levator
plate can also be measured in this plane, allowing
for dynamic imaging of this structure both at rest
and with Valsalva or squeeze (Figs. 6.7, 6.8, and
6.9). The ARA can also be measured (Fig. 6.10),
which may be important in the evaluation of pelvic
floor dyssynergy [5, 12].

Coronal Plane
The coronal plane allows the visualization and
measurement of both internal and external anal
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Fig. 6.5 3D EVUS image of the posterior compartment
in the midsagittal plane in a patient with normal anatomy.
The internal anal sphincter measurements (length and
width) are shown. © Shobeiri

Fig. 6.6 3D EVUS image of the posterior compartment
in the midsagittal plane in a patient with normal anatomy.
The rectovaginal septum length is shown. © Shobeiri

sphincter thickness (Fig. 6.11a, b). This view also
allows visualization of the intricate LAM anat-
omy which creates a collection funnel to allow
for passage of bowel contents.

6.3 Techniques and Literature
Review
6.3.1 Translabial Ultrasound

The posterior compartment imaging always starts
with translabial 2D imaging of the posterior com-
partment. Translabial ultrasound examinations
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19.9 mm

Fig. 6.7 Normal levator plate as visualized in the mid-  neutral position. LP levator plate, PB perineal body, A anus,
sagittal plane in 3D EVUS imaging. In this image, the  RVF rectovaginal fascia. © Shobeiri
patient is at rest with the transducer in the vagina in a

Fig.6.8 Normal levator plate as visualized in the midsagittal plane in 3D EVUS imaging. Here, the patient has been
asked to squeeze her pelvic floor. LP levator plate, PB perineal body, A anus, RVF rectovaginal fascia. © Shobeiri

should be performed with the patient in the dorsal ~perineum between the mons pubis and anal
lithotomy position, with hips flexed and abducted. margin (Fig. 6.12). We use a BK 3D convex 8802
A convex transducer is positioned on the frequency 4.3—6 MHz probe with a focal range of



6 3D Endovaginal Imaging of the Anorectal Structures

119

Fig.6.9 Normal levator plate as visualized in the midsagittal plane in 3D EVUS imaging. During imaging, the patient
is performing a Valsalva maneuver. LP levator plate, PB perineal body, A anus, RVF rectovaginal fascia. © Shobeiri

1=47.6mm 2=

Fig.6.10 3D EVUS image of the posterior compartment in
the midsagittal plane in a patient with normal anatomy. The
anorectal angle is measured as shown. PS pubic symphysis,
U urethra, T transducer, A anus, ARA anorectal angle, AP
anteroposterior line of minimal levator hiatus. © Shobeiri

6—114 mm (Fig. 6.13) as further described in the
instrumentations and  techniques chapter.
However, it is possible to use any curved-array
transducer with frequencies of 3.5-8 MHz [13,
14]. These probes are readily available in any
urologist’s or gynecologist’s office and offer a
good introduction to dynamic pelvic floor imag-
ing. Depending on the setting of the machine, the
image may be upside down on the machine, and
most machines have the capability to display the
image as if the patient is standing with the left
sagittal plane in view (Fig. 6.13). The transducer
is covered with ultrasound gel and covered with a
glove, a plastic wrap, or a cover. The pubic sym-
physis will be on the bottom right of the screen
and the levator plate should be visualized on the
lower left. During the examination, dynamic
imaging is obtained by asking the patient to per-
form a Valsalva maneuver. It is important, when
performing TLUS or TPUS, to avoid excessive
pressure on the perineum or inappropriate angle
of the transducer (and thus the ultrasound beam)
to the anal canal. For more information on trans-
perineal imaging, please refer to the chapter dedi-
cated to this topic.
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Fig. 6.11 (a) Midcoronal of view of the anal canal (b)
demonstrating the role of the levator ani muscles in funnel-
ing of the anorectum. Iliococcygeus (IC) creates the collec-
tion area, pouborectalis (PR) the neck, longitudinal ligament

Fig.6.12 Appropriate positioning of the BK 3D convex
8802 transducer in transperineal imaging. © Shobeiri

Clinical Applications

Rectocele. Although many clinicians use the term
“rectocele” to refer to any prolapse of the poste-
rior vaginal wall, regardless of underlying ana-
tomic considerations, a true rectocele is defined
as herniation of the anterior rectal wall into the
vagina and is typically seen during defecation
[14]. Tt is thought to result from a defect in the
RVS, although this has not been consistently
demonstrated in the literature [15]. Defecography
is considered the gold standard imaging technique
for evaluation of true rectocele [16], but TPUS has
been demonstrated to be an acceptable alternative
in the evaluation of true rectocele as well as entero-
cele and rectal intussusception [5, 6].

D.E. White and S.A. Shobeiri

(LL) the body, and the internal anal sphincter (IAS)/external
anal sphincter (EAS) the outlet of the funnel. (2) a more
anterior view of the funnel demonstrates overlapping rela-
tionship of PR to sheeth like structure of IC. © Shobeiri

Cranial %7 <m

Posterior

Transducer

Fig.6.13 BK 3D convex 8802 transducer. © Shobeiri
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Fig.6.14 3D TPUS image of a rectocele (outlined in green). On POP-Q examination, this rectocele was identified as
a stage 2 rectocele. LP levator plate, A anus, V vagina, B bladder, U urethra, PS pubic symphysis. © Shobeiri

By obtaining transperineal images in the
midsagittal plane and asking the patient to perform
a Valsalva maneuver, one is capable of actively
visualizing the downward displacement of the
rectum. Its extent can be measured as the maxi-
mal depth of protrusion on Valsalva beyond the
inferior symphyseal margin (Fig. 6.14). A descent
of greater than 10 mm is considered diagnostic of
rectocele on ultrasound imaging [5]. However, to
date, no studies have demonstrated an association
between extent of prolapse and clinical symp-
toms [17-19].

Enterocele. An enterocele is a hernia of the most
inferior point of the abdominal cavity into the
vagina or rectovaginal space (pouch of Douglas)
and typically contains small bowel or sigmoid
colon. It is often indistinguishable from rectocele
on clinical examination [20]. However, it is impor-
tant to distinguish between the two when planning
surgical intervention. As with a true rectocele,
defecography has classically been the imaging
modality of choice. However, TPUS may be used
as an alternative imaging technique [21].

On TPUS, it is possible to visualize the dis-
placement of small bowel into the vagina with
Valsalva (Fig. 6.15). Peristalsis is often seen in
the enterocele, and hyperechoic stool which is
typical of a rectocele or a sigmoidocele is not
visualized. If there is stool present, we call the
herniation a sigmoidocele. The differentiation
between an enterocele and sigmoidocele is
important as redundant sigmoid colon will con-
tinue to cause defecatory dysfunction even after
repair of the prolapse. The role of levator ani
muscles in pathogenesis of prolapse can be easily
seen during functional 2D transperineal imaging.
A patient with a stage 2 prolapse can easily
reduce her prolapse by recruitment of her levator
ani muscles (Fig. 6.16).

Rectal intussusception. Rectal intussusception
refers to the condition where the rectal wall tele-
scopes into the rectal lumen and can involve the
rectal mucosa or full thickness of the rectal wall.
Symptoms typically occur when the intussuscep-
tion has extended into or beyond the anal canal
and wusually include obstructed defecation,
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Fig.6.15 3D TPUS image of a rectocele and enterocele  levator plate, E enterocele, R rectocele, A anus, T trans-
(outlined in green). This image was captured while the  ducer, PS pubic symphysis. © Shobeiri
patient was asked to perform a Valsalva maneuver. LP

Fig.6.16 3D TPUS image of the enterocele (outlined in  muscles, resulting in reduction of the enterocele. LP leva-
green) of the patient in Fig. 6.15. This image was captured  tor plate, A anus, T transducer, PS pubic symphysis, B
while the patient was asked to squeeze her pelvic floor  bladder, U urethra. © Shobeiri
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Fig.6.17 BK 8848 transducer

incomplete emptying, and need to splint to have a
bowel movement. On dynamic TPUS, rectal
intussusception is rarely visualized unless frank
rectal prolapse has developed.

6.3.2 Endovaginal Ultrasound

3D EVUS imaging is performed with the patient
in dorsal lithotomy position with the hips flexed
and abducted. The patient is recommended to have
a comfortable volume of urine in the bladder.
No rectal or vaginal contrast is required. A BK
Medical Ultra Focus or Flex Focus machine
(Peabody, MA, USA) and an 8848 (Fig. 6.17) or
8838 12 mHz transducer (Fig. 6.18) are inserted
in a neutral position to a length of 6 cm, taking
care to avoid excessive pressure on surrounding
structures and inadvertently distorting the anat-
omy. When obtaining 3D volumes, the hand
should be rested to avoid shaking of the trans-
ducer. If using an 8848 transducer, the groove on
the probe is faced posteriorly. If the 8838 is used,
the probe is rotated to show the posterior view.
Either probe is capable of dynamic imaging.
Dynamic endovaginal technique may have

Fig.6.18 BK 8838 transducer

limited utility with POPQ stage above 2 since
the probe will be pushed out with Valsalva. If 3D
imaging is desired, the 8848 needs to be mounted
on a mechanical mover as described in the chapter
on instrumentations and techniques. With the
8848 probe, radial scans are taken every 0.25°
for 179°, starting at the 3 o’clock position and
ending at the 9 o’clock position, for a total of 720
scans from which a 3D volume is rendered. If the
8838 probe is used, you can obtain a 360° volume
encompassing both the anterior and posterior
compartments. The transducer can be adjusted
to obtain 3D volumes to your specifications. Of
course, for the best high-definition volume, you
must choose the narrowest angle which is every
0.25° to obtain 720 scans in 45 s. Both transduc-
ers can obtain excellent data volumes. The 8838
probe has the inherent advantage of obtaining
anterior, posterior, and levator ani evaluation all
in one step. We believe evaluation of the levator
ani muscles, the ARA, and the levator plate posi-
tion is an important part of posterior compart-
ment evaluation. Levator ani trauma can occur
during vaginal delivery and must be evaluated in
women who present postpartum with complaints
of unresolving pelvic pain or pelvic floor disor-
ders such as fecal incontinence and pelvic organ
prolapse. An ARA, measured by 3D endovaginal
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Fig.6.19 3D EVUS image of the posterior compartment in
the midsagittal plane in a patient with a rectocele (margins
of rectum are in outlined in green). This image was captured

ultrasound technique, greater than 170° has been
positively associated with both fecal inconti-
nence and obstructive defecatory symptoms.
Similarly, a levator plate descent angle of greater
than 9° has been associated with obstructive def-
ecatory symptoms (unpublished data).

3D EVUS with the 2052 probe has been
shown to reliably visualize and measure normal
internal and external anal sphincters. This is the
standard probe used in endoanal imaging of the
anal sphincter complex. However, using this
same probe endovaginally has been shown to be
100 % specific and predictive for imaging nor-
mal external anal sphincters and 83 % specific
for imaging normal internal anal sphincters.
However, it is not as accurate in detection of
sphincter defects (unpublished data). For this rea-
son, we recommend doing an initial sphincter
evaluation with the less-invasive endovaginal
route, but if there is any question of the presence
of a defect, then further endoanal imaging is
warranted.

Clinical Applications
Rectocele. Rectocele can be evaluated in the
midsagittal plane by asking the patient to perform

while the patient was performing a Valsalva maneuver. T
transducer, PB perineal body, LP levator plate, /AS internal
anal sphincter, EAS external anal sphincter. © Shobeiri

a Valsalva maneuver during endovaginal imaging
(Figs. 6.19 and 6.20). This allows one to visual-
ize the downward descent of the rectum with
Valsalva and the ability to recruit the levator plate
with levator contractions. Rectocele depth has
been measured in relation to a line perpendicular
to the expected contour of the anterior rectal wall,
but a rectocele is not a 2D structure and this mea-
surement does not have a clinical utility. A recog-
nized limitation of EVUS in the evaluation of
rectocele is the potential of the probe to reduce or
prevent prolapse while in the vagina.

Enterocele. Like rectocele, enterocele is best
evaluated by dynamic endovaginal ultrasonogra-
phy in the midsagittal plane. It is visualized as
loops of peristalsing small bowel herniating into
the rectovaginal space (Fig. 6.21). An enterocele
can be distinguished from sigmoidocele on endo-
vaginal imaging by its content. Small loops of
bowel are hypoechoic with fluid in them while
the rectal and sigmoid contents are solid and
hyperechoic.

Intussusception. Rectal intussusception has
been traditionally overdiagnosed with radiologic
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Fig. 6.20 3D EVUS image of the posterior compart-  floor, resulting in reduction of the rectocele. T trans-
ment in the midsagittal plane in a patient with arectocele  ducer, PB perineal body, LP levator plate, A anus, EAS
(margins of rectum are in outlined in green). This image  external anal sphincter. © Shobeiri

was captured while the patient was squeezing her pelvic

Fig.6.21 3D EVUS image of an enterocele, seen as herniation of small bowel into the rectovaginal space. E enterocele,
A anal canal, LP levator plate, R rectocele. © Shobeiri

examinations perhaps of high incidence of coex- appearance of an intussusception. Therefore, in
istence of rectoceles and defecatory dysfunction. the presence of a rectocele, endovaginal imaging
Rectoceles may invaginate rectally and give the may make more sense as the probe reduces the
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Fig.6.22 3D EVUS image of intussusception (rectum is outlined in green) as seen in the midsagittal plane. LP levator plate.

© Shobeiri

B-K MEDICAL

Fig.6.23 3D EVUS image of a patient with pelvic floor
dyssynergy. This image was taken in the midsagittal plane
during a Valsalva maneuver. Despite this maneuver, she is

rectocele and detects if a true intussusception
exists. In dynamic 3D EVUS imaging, rectal
intussusception is identified in the sagittal view as
an invagination of the rectal wall into the lumen
(Fig. 6.22).

Pelvic floor dyssynergy. Women with posterior
compartment abnormalities often complain of

OU Pelvic and Bladder Health

unable to relax her pelvic floor muscles. PS pubic sym-
physis, U urethra, T transducer, A anus, LP levator plate,
LPDA levator plate descent angle. © Shobeiri

obstructed defecation, incomplete bowel emptying,
dyspareunia, and dysfunctional voiding. The ARA
is measured as the angle between the anal and rec-
tal canal axis (Fig. 6.10). Evaluation of the ARA
both at rest and with straining can suggest a
failure of the normal relaxation of the levator ani
muscles [14] (Fig. 6.23). During straining, the
levator plate drops; the ARA may narrow while
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Fig.6.24 3D EVUS image in the midsagittal plane in a
patient with a levator ani defect. Note that the levator plate
is distant to the pubic symphysis as a result of detachment

the anteroposterior dimension of the levator hia-
tus shortens as the anorectum is elevated, often
referred to as levator coactivation. While levator
coactivation is commonly seen in young nullipa-
rous patients with normal pelvic floor anatomy,
persistent coactivation may be a sign of pelvic
floor dyssynergy [22].

Other findings in the posterior pelvic floor
compartment. In addition to the clinically visible
posterior compartment disorders such as recto-
cele and dyssynergy, 3D EVUS is capable of
characterizing abnormalities of the deeper struc-
tures in the pelvic floor that likely affect clinical
presentation. In the midsagittal plane of 3D
EVUS, the relationship of the levator plate to the
pubic symphysis can be evaluated and may sug-
gest levator ani deficiency. In a normal patient, the
levator plate lies cephalad to the pubic symphysis
and the PLURAL line (Fig. 6.24). In patients
with defecatory dysfunction, the levator plate is
caudad to the PLURAL line (Fig. 6.25). Such
patients often require posterior anal pressure

of the levator ani from the pubic bone. PS pubic symphy-
sis, B bladder, U urethra, T transducer, LP levator plate.
© Shobeiri

Fig.6.25 3D EVUS image in the midsagittal plane in a
patient with levator ani defect. Note the relationship of the
levator plate to the pubic symphysis. PS pubic symphysis,
U urethra, T transducer, A anus, LP levator plate, LPDA
levator plate descent angle. © Shobeiri
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applied with fingers to elevate the dysfunctional
levator plate. Descent of the levator plate is a
function of levator ani deficiency, levator ani sep-
aration from the pubic bone, or fascial weakness
(Fig. 6.26). Patients with posterior compartment
disorders, including levator ani defects, posterior
compartment prolapse, and defecatory dysfunc-
tion, may also have abnormalities in measure-
ments of the minimal levator hiatus and flattening
of the levator plate (Fig. 6.27). The levator plate
collapse is not as readily seen with TPUS
(Fig. 6.28). Therefore, this is another area in
which endovaginal imaging offers an advantage
due to proximity of the probe to the area of inter-
est. If a 360° transducer such as 8838 is used,
measurements of the levator ani deficiency and
the levator plate descent angle and the ARA can
be obtained concurrently (Fig. 6.29). 360° imag-
ing with this probe gives vivid images of the mid-
sagittal view because the probe’s crystals are
lined up to obtain the images in sagittal plane.
Finally, as seen in other chapters, the synthetic
mesh that has previously been placed in the posterior

23.5 mm

Fig.6.27 3D EVUS image in the midsagittal plane of the
same patient as in Fig. 6.26, but now attempting to recruit
her muscles. Note the flattened levator plate and rectum,

D.E. White and S.A. Shobeiri

Fig. 6.26 3D EVUS image in the midsagittal plane,
taken with the levator ani at rest. Note the flattened levator
plate and rectum, as well as the distance of the levator
plate from the probe. T transducer, R rectum, A anus, LP
levator plate, EAS external anal sphincter. © Shobeiri

Posterior skin

as well as the distance of the levator plate from the probe.
T transducer, R rectum, A anus, LP levator plate, EAS
external anal sphincter. © Shobeiri



6 3D Endovaginal Imaging of the Anorectal Structures 129

42.4 mm

Fig.6.28 3D TPUS image of the same patient as in Fig. 6.26, taken at rest. Note that the AP is distant to the MLH. LP
levator plate, PS pubic symphysis, 7 transducer. © Shobeiri

Fig.6.29 3D TPUS image of the same patient as in Fig. 6.26, taken while squeezing her levator ani. Note that the AP
is distant to the MLH. LP levator plate, PS pubic symphysis, 7T transducer. © Shobeiri



130

compartment can be easily visualized on 3D EVUS
imaging. The use of rendering on the desktop soft-
ware brings the mesh out of the black and white shad-
ows such that the full extent of it can be seen
(Fig. 6.30). Using 3D EVUS to characterize mesh
can aid in preoperative planning if there is a need to
perform a procedure for a mesh complication
(Fig. 6.31). It can also aid in locating the slings intra-
operatively, reducing operating times due to the abil-
ity to find the mesh more quickly and efficiently.

Shobeirit

Fig.6.30 3D EVUS image in the midsagittal plane of the
same patient as in Fig. 6.26. Note the flattened anorectal
angle. PS pubic symphysis, T transducer, B bladder, U ure-
thra, A anus, LP levator plate, PB perineal body. © Shobeiri
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6.4  Conclusions

Prior to advances in transperineal and endovaginal
ultrasound imaging techniques, anatomic and
functional evaluation of the anorectum was limited.
Defecography, while known to be useful in the
evaluation of posterior compartment disorders,
can be time consuming, cause significant patient
discomfort, expose the patient to irradiation, and
require bowel preparation in advance of the
study. TPUS and EVUS can be used as alterna-
tives in the evaluation of these disorders.
However, it should be recognized that there are
certain limitations. Both TPUS and EVUS are
operator dependent, with the technique used
impacting the images available for evaluation.
It also must be performed in the dorsal lithot-
omy position, which is a deviation from the
normal, functional position of patients in rela-
tion to defecation. When evaluating prolapse,
the presence of the transducer may distort the
anatomy and limit the visualization of pro-
lapse. However, taking a multimodal approach
to imaging, by performing both TPUS and
EVUS in addition to EAUS, increases the diag-

Fig.6.31 3D EVUS image in the midsagittal plane of a patient with prior mesh placement for posterior compartment
prolapse. T transducer, A anus, LP levator plate, PB perineal body. © Shobeiri
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nostic ability of ultrasound imaging and has
helped solidify its place in the initial assessment
of women with posterior compartment disorders.
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Learning Objectives

1. Understand the utility of multicompart-
ment endovaginal 3D imaging in the
visualization of retropubic and transob-
turator slings and the diagnosis and
planning of future treatment in patients
with failed slings

2. Understand the utility of multicompart-
ment endovaginal 3D imaging in the
visualization of mesh used in prolapse
surgery

3. Understand the utility of multicompart-
ment endovaginal 3D imaging in the
visualization of biologic grafts

4. Understand the utility of multicompart-
ment endovaginal 3D imaging in the
visualization of bulking agents injected
for the treatment of stress urinary incon-
tinence and prognostication of out-
comes following the procedure
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7.1 Introduction

Synthetic and biologic grafts are important tools
in the armamentarium of the pelvic floor surgeon.
The introduction of the tension-free vaginal tape
(TVT) in 1996 [1], followed by the transobtura-
tor tape (TOT) in 2001 [2], has led to a remark-
able increase in the use of synthetic material in
the surgical treatment of stress urinary inconti-
nence in the last decade. Similarly, the use of
graft materials in the surgical management of
pelvic organ prolapse (POP) has evolved from
autologous muscle and fascia to the use of syn-
thetic grafts of varying composition and pore size
and xenografts from various animal sources with
varying methods of preparation. None of the
graft materials are without problems, and there-
fore, imaging of the synthetic materials following
surgery is evolving into a valuable diagnostic tool
in the treatment algorithm for the patient.

MRI and X-ray imaging have been found to be
inferior in their ability to visualize graft materials
when compared with ultrasound [3-5]. A study,
which compared the efficacy of introital sonogra-
phy and magnetic resonance imaging in the visu-
alization of the TVT tape, found that the depiction
of the tape by MRI was limited overall and par-
ticularly poor in visualizing the tape in a sub- or
paraurethral location [3]. Synthetic grafts cannot
be imaged by X-rays. Even in a research setting,
X-ray imaging of synthetic grafts is tedious and
requires marking of the tape intraoperatively,

S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 133
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either with metal clips (titanium clips) or an
X-ray-proof string [4]. In contrast, most of the
modern synthetic implant materials are highly
echogenic and easily visualized on ultrasound
[6]. Also, in the last decade, various urethral
bulking agents have been used in treating female
stress urinary incontinence. However, success
rates are highly variable [7]. Bulking agents such
as Macroplastique (MPQ; Uroplasty, Minnetonka,
MN) can be clearly visualized on ultrasound, and
therefore, ultrasound imaging may be helpful in
improving treatment outcomes [8].

Three-dimensional (3D) ultrasound improves
on two-dimensional ultrasound by allowing visu-
alization of the grafts and the bulking materials in
planes that cannot be assessed by conventional
imaging techniques [9]. Real-time manipulation
of the high-resolution 3D data volume obtained
in sagittal, coronal, and axial planes enables the
examiner to document the implant along its entire
intrapelvic course. With experience, the data
volume can be manipulated using a combination
of oblique and straight planes and rendered vol-
umes to follow the intrapelvic course of grafts
even when it is very tortuous. Two-dimensional
dynamic examination in the midsagittal or axial
view during Valsalva, squeeze, and cough maneu-
vers allows real-time assessment of the in vivo
functional behavior of the graft during periods
of stress.

Multicompartment 3D imaging combines
detailed anatomical examination with a combina-
tion of probes (transperineal scan with the 8802
probe, endovaginal 180° scan with the 8848
probe, and 360° endovaginal scan with the 2052
or 8838 probe) with dynamic functional assess-
ment to obtain a complete anatomic and func-
tional understanding of all the pelvic floor
compartments. Multicompartment imaging pro-
vides the “full picture” which is critical in the
management of pelvic floor dysfunction as it is
often complex and involves more than one ana-
tomical component and more than one pelvic floor
function. Multicompartment imaging summates
the benefits and compensates for the drawback
of each probe to provide us a comprehensive
high-resolution functional and anatomic assessment

A.Hegde and G.W. Davila

of the graft and surrounding tissue from various
angles. Examination with one probe confirms the
diagnosis obtained through the other while help-
ing to differentiate between artifacts and true
pathology.

In the last decade, research on the use of 3D
ultrasound for the visualization of vaginal
implants has focused mainly on the transperineal
route. However, 3D endovaginal ultrasound
imaging (3D EVUS), especially multicompart-
ment imaging, is proving to be a useful tool at our
center to evaluate outcomes of surgery with
implants, delineate the reason for complications
or failure, and plan treatment, especially in
patients with a complicated treatment history.
This chapter is an attempt to share our experience
and discuss future directions of research in
endovaginal imaging as it pertains to synthetic
tapes and grafts and bulking agents. For the pur-
poses of this chapter, a BK Pro Focus UltraView
machine, with a variety of transperineal (8802)
and endovaginal (8848 and 2052 probes), was
used as discussed in the chapter on instrumenta-
tion and techniques. Though the primary focus of
the chapter is endovaginal imaging, we shall
touch upon transperineal imaging where neces-
sary to provide a comprehensive review about our
current understanding of imaging for synthetic
implants.

7.2  Multicompartment
Endovaginal Imaging

in the Visualization of Slings

Multicompartment imaging following sling sur-
gery is indicated for various reasons. Imaging
may be useful to determine the type of sling sur-
gery performed in patients who do not remember
or do not know the exact nature of the surgery.
It may be useful to determine the location, func-
tion, and in vivo biomechanical characteristics of
the sling during the follow-up visit [6]. Clinically,
complications such as recurrence of stress incon-
tinence, voiding dysfunction, erosion, and post-
operative irritative bladder symptoms may benefit
from imaging assessment [6].
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7.2.1 3D Imaging of Retropubic
(Pubovaginal and
Midurethral) and

Transobturator Slings

We perform multicompartment 3D EVUS for the
imaging of retropubic and transobturator slings
with the 8848 and the 2052 probes. The tech-
nique of 180° scan of the anterior compartment
using the 8848 probe and 360° scan with the
2052 probe and the pelvic floor structures seen
are explained elsewhere in this book. However,
we will mention a few important details regard-
ing the technique as it pertains to imaging of
implants.

7.2.2 Technical Details
of Performing 3D EVUS
to Visualize Slings

7.2.2.1 180° Scan of the Anterior
Compartment

Before performing the 180° 3D scan with the
8848 probe, it is important to peruse the 2D
image in the midsagittal plane to ensure that the
probe has been inserted correctly to obtain a sat-
isfactory 3D data volume. Firstly, it is important
to ensure that the probe has been inserted in the
vagina in the neutral position in order to prevent
compression of the anterior compartment struc-
tures. Secondly, it is also important to ensure that
the midsagittal 2D image includes a portion of
the bladder at its cephalad perimeter so as to
ensure that the urethrovesical junction is included
in the 3D scan. At the same time, it is important
to ensure that the external urethral meatus is in
view at the caudad end of the image so that the
urethra is imaged in its entirety. If too much of
the bladder is included in the image, the external
urethral meatus may extend beyond the caudad
boundary of the scan. The sling, whether retropu-
bic or transobturator, is seen as a hyperechogenic
horizontal structure beneath the urethra in the
midsagittal 2D image (Fig. 7.1). The location
will vary depending on the type of sling surgery,

Fig. 7.1 180° scan of anterior compartment: midurethral
retropubic sling seen as a hyperechogenic structure
beneath midurethra. B bladder, U urethra, P pubic sym-
physis, UVJ urethrovesical junction, S midurethral retro-
pubic sling

Fig. 7.2 180° scan of anterior compartment: retropubic
sling seen proximal to the urethrovesical junction. B blad-
der, U urethra, P pubic symphysis, UVJ urethrovesical
junction, S retropubic sling

bladder neck or midurethral. However, in a
patient with poor outcome following sling
surgery, the sling may not have fixated subure-
thrally and hence may be located proximally
beneath the bladder. Hence if the sling is not seen
as described above, beneath the urethra, it is
important to extend the probe towards the vaginal
apex so that the region between the vaginal wall
and bladder can be imaged to locate the sling
(Fig. 7.2). In such a situation, it may be useful to
image the bladder and the urethra in two separate
3D data volumes so that all important details are
captured for offline analysis and are available as
a permanent record for the future.
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7.2.2.2 360° Scan

Similarly, while scanning with the 2052 probe, it
is important to ensure that the probe is inserted in
the vagina in the neutral position and has been
inserted cephalad enough to capture all important
details. Though normally the cephalad extent of
the 3D scan should begin just proximal to the
urethrovesical junction so that in the sagittal cut
of the data volume, a small portion of the bladder
is seen narrowing into the urethrovesical junction,
it must be kept in mind that in the case of slings
that have not fixated suburethrally and hence are
located proximally beneath the bladder, the 3D
scan may need to begin even more cephalad.
At the same time, it is necessary to ensure that the
caudad extent of the 3D data volume is beyond the
external urethral meatus so that the urethra is
imaged along its entire length. Hence often it may
be necessary to capture two 3D data volumes
along the length of the urethra to ensure that all
important structures are included. Increasing the
depth may help to include the entire extent needed
in a single data volume, but it must be remembered
that increasing the depth reduces the resolution
and decreases the image size.

7.2.3 Manipulation of the 3D Data
Volume to Trace the
Intrapelvic Course of Slings,
Retropubic, and
Transobturator

The 180° 3D data volume of the anterior pelvic
compartment (probe 8848) can be manipulated in
the sagittal, axial, or coronal planes. However to
track the intrapelvic course of a sling, it is prefer-
able to begin with manipulation in the sagittal
plane. It is important to first orient to the egocen-
tric coordinates, i.e., the relative directions of the
data volume, or more simply put, it is important
to first understand which sagittal surface of the
data volume denotes the left of the patient and
which surface, the right. Depending on how the
3D external mover moves the probe, the 3D scan
may begin on the left or right of the patient. If the
3D external mover is programmed to begin the

Fig. 7.3 180° scan of anterior compartment: transobtura-
tor sling seen as a hyperechogenic structure beneath
midurethra. B bladder, U urethra, P pubic symphysis, UVJ
urethrovesical junction, § transobturator sling

scan on the left of the patient, then the data volume
is constructed progressively in real time during
scanning from the left to the right.

As one begins manipulating the 3D data volume
in the sagittal plane, the arm of the sling on that
side progressively comes into vision. The arm of
the sling, in case of retropubic slings, can be seen,
exhibiting a mesh-like weave, extending until the
pubic symphysis. In the case of transobturator
sling, the arm can be seen extending at a more
obtuse angle beyond the pubic symphysis.
The sling can be tracked behind the urethra in the
midsagittal plane and then can be seen extending
on the other side to the pubic symphysis in case of
retropubic slings or beyond the pubic symphysis at
a more obtuse angle in case of transobturator
slings.

The location of the sling behind the urethra in
the midsagittal plane will vary depending on the
type of sling. In case of TVT slings (Fig. 7.1) and
transobturator slings (Fig. 7.3), the sling will be
seen as a hyperechogenic horizontal structure
beneath the midurethra, and in the case of a blad-
der neck sling, it can be seen beneath the proxi-
mal urethra with its proximal end at the
urethrovesical junction (Fig. 7.4).

The intrapelvic course of the slings can be
tracked more easily when the rendered volume of
the data volume is manipulated (Fig. 7.5). Often
one may need to manipulate the data volume in
oblique parasagittal planes to be able to track the
sling course better.
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Fig. 7.4 180° scan of anterior compartment: pubovaginal
sling seen at bladder neck. B bladder, U urethra, P pubic
symphysis, UVJ urethrovesical junction, S pubovaginal
sling

Fig. 7.5 180° scan of anterior compartment: rendered
volume, single incision sling arm seen on the right of the
patient extending beyond the pubic symphysis until the
obturator foramen. P pubic symphysis, OF obturator
foramen

Manipulation of the 3D data volume obtained
with the 2052 probe can also be done in the axial,
sagittal, and coronal planes. However, transobtu-
rator and retropubic slings can be more easily dif-
ferentiated in the axial plane. Manipulation in the
axial plane adds to the information obtained from
sagittal manipulation of the data volume obtained
via the 8848 probe as we are able to look at the
sling from a different angle. The retropubic sling
can be seen in the axial plane in a u-shaped curve
hugging the urethra (Fig. 7.6), while the transobtu-
rator sling can be seen extending hammock-like
to the obturator foramina bilaterally (Fig. 7.7).
The slings can be seen better when the rendered

Fig. 7.6 360° scan: retropubic sling seen hugging the
urethra in a u-shape. U urethra, A anal canal, LA levator
ani muscles, 7 probe, S midurethral retropubic sling

Fig. 7.7 360° scan: transobturator sling seen extending
hammock-like to the obturator foramina bilaterally. U
urethra, A anal canal, LA levator ani muscles, T probe, S
transobturator sling

volume of the data volume is manipulated. We
may also need to manipulate the data volume in
oblique planes to follow the course of the sling
until its insertion points bilaterally.

7.2.4 2D Dynamic Functional
Assessment of the Slings and
Its Correlation with Outcome

The in vivo behavior of the sling during periods
of stress, namely, cough, Valsalva, and squeeze
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maneuvers, can be assessed by recording 20 s 2D
cineloops in the midsagittal plane or the axial
plane using the 8848 probe (endovaginal ultra-
sound of the anterior compartment) or the 8802
probe (transperineal ultrasound). These cineloops
can also be stored for offline analysis and are
available as a permanent record of in vivo sling
behavior.

Dynamic assessment of the sling in the mid-
sagittal plane helps to understand whether the
urethra moves in a concordant manner with
the sling during cough and Valsalva maneuvers.
We are currently conducting a study in which we
are comparing results of dynamic assessment of
the sling performed with the transperineal 8802
probe and endovaginal 8848 probe with conti-
nence outcomes in the case of Monarc (American
Medical Systems, Minnetonka, MN), TVT
(Ethicon, Bridgewater, New Jersey), and I-STOP
pubovaginal sling (CL Medical, Lyon, France) 1
year after surgery. Our experience has helped us
understand that when the urethra and the sling
don’t move in a concordant fashion, i.e., the ure-
thra moves independent of the sling, the outcome
is poor. It may be that the sling has not fixated
itself well to the suburethral connective tissue or
that the sling has been inserted too loosely and
therefore, even though the sling has scarred in
following surgery, the urethra and surrounding
tissue move independent of it. Therefore even if
the midurethral or bladder neck sling is con-
firmed on static 2D and 3D ultrasound to be
placed in the correct location, dynamic assessment
may show that the urethra moves independent of
it on dynamic assessment. In some patients with
failed slings, the urethrovesical junction is some-
times even seen to move distal to the sling on
dynamic assessment. Therefore the sling does not
have the desired functional effect and may fail.

Kociszewski et al. correlated the dynamic
changes in TVT sling shape seen on transperineal
ultrasound with outcomes following TVT sling
surgery in 72 women [10]. They found that 98 %
of patients, in whom the tape was flat at rest along
its width in the midsagittal plane and curved into
a c-shape during straining, were continent after
surgery. There was improvement in one case
(2 %) and none of these patients was classified as
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failure. However, in 39 % of the patients, no
change was visible in the sling shape along its
width on straining in the midsagittal plane. In the
11 % of patients in whom the tape position was
flat along its width at rest and during straining
(i.e., too far away from the urethra), the failure
rate was highest at 25 %. In the 28 % of patients
in whom the sling was c-shaped along its width at
rest and on straining, the failure rate was 10 %.

In our experience, the deformability of the
sling on Valsalva (flat at rest along its width and
deformed to a c-shape on Valsalva), the concor-
dance of urethral movement with the sling and the
location of the sling are all correlated with out-
comes following sling surgery. Our data (unpub-
lished) suggests that the best outcomes following
transobturator sling surgery are found to be asso-
ciated with concordance of urethral movement
with the sling, followed by midurethral location
of the sling and deformability of the sling on
dynamic assessment in that order. A patient in
whom the sling does not deform on Valsalva
(i.e., does not curve into a c-shape from flat at rest
along its width) may still have a successful out-
come if the sling is located in the correct location
(midurethral) at rest and the urethra moves in a
concordant manner with the sling. Conversely, a
patient, in whom the sling deforms on Valsalva,
may still have a poor outcome if the urethra moves
in a discordant manner with the sling and/or the
sling is not located beneath midurethra.

7.2.5 Diagnosis and Planning
of Future Treatment in the
Case of Failed Sling Surgery

In patients who have poor outcomes following
sling surgery, multicompartment 3D imaging can
often be invaluable in delineating the cause for
failure and also plan future treatment. There are
various scenarios we encounter in such patients at
our center which we shall discuss in this section.

7.2.5.1 Unknown Sling Type

Often the patient is unaware of the exact nature of
the previous sling surgery. 2D imaging cannot
delineate the type of sling on either transperineal
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ultrasound or endovaginal ultrasound. A midure-
thral sling, whether retropubic or transobturator,
will appear as a hyperechogenic horizontal struc-
ture behind the midurethra (Figs. 7.1 and 7.3). A
bladder neck sling, which is located correctly at
the urethrovesical junction, should ideally be
easy to distinguish from a midurethral sling based
on location. But in patients with poor outcome
following surgery, a midurethral sling is often
found to be located too proximally. Therefore a
sling that is found to be located under proximal
urethra may not necessarily be a bladder neck
sling, but could be a midurethral sling.

Multicompartment 3D imaging including
dynamic functional assessment is very useful in
determining the type of sling that was inserted
in such patients. As described above, the intra-
pelvic course of the sling can be tracked by
manipulating the 3D data volume. The sling can
be examined in the three different data volumes
obtained with transperineal ultrasound, 180°
endovaginal scan with the 8848 and/or 360°
scan, and hence the diagnosis obtained through
one probe can be confirmed through the other.
Rendered volumes can be used to track the sling
better.

Dynamic functional assessment also helps to
distinguish slings based on elasticity and deform-
ability. At our center, we use an inelastic retropu-
bic sling (I-STOP, CL Medical, Lyon, France)
placed at the bladder neck in patients with intrin-
sic sphincter deficiency. The I-STOP sling has
lower elasticity and lower deformability as com-
pared to other slings [11]. We find that an [-STOP
sling lies flat at rest (Fig. 7.4) against the urethra
and, on dynamic assessment, it moves with the
urethra and constricts the bladder neck without
deforming or bending into a c-shape along its
width. This is concordant with its mechanism of
action, which is by increasing resistance at the
bladder neck during periods of stress as opposed
to that of elastic midurethral slings, which act
by causing dynamic compression. Thus it is easy
to distinguish the I-STOP sling from other slings
that have higher elasticity and greater deformabil-
ity (TVT (Ethicon, Bridgewater NJ), Monarc
(American Medical Systems, Minnetonka,
MN), SPARC (American Medical Systems,
Minnetonka, MN), etc.).
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It is also possible to distinguish different types
of materials, with the previous generation IVS
being much less echogenic than the TVT [6].
Because the I-STOP sling is less deformable, it
appears fatter and wider than TVT or Monarc
slings. Also since the SPARC sling carries a
central suture that prevents pretensioning [12],
it generally seems flatter and wider than TVT
sling [6].

7.2.5.2 Determining the Location
of a Failed Sling

Confirming the location of the sling may be useful
preoperatively if sling takedown surgery is
planned. Determining the location of the failed
sling may help to elucidate the reasons for failure
of the surgery. There is controversy whether loca-
tion of the sling is important to ensure conti-
nence. Several authors contend that location of
the midurethral sling does not have any impact on
the outcome following surgery [4, 13, 14]. From
a theoretical point of view, Dietz et al. contend
that since midurethral slings work by “dynamic
compression,” i.e., kinking or compression of
the urethra against the posteroinferior contour of
the pubic symphysis whenever intraabdominal
pressure is raised, it should not matter much for
success as to whether the obstruction affects
proximal or distal urethra [6].

However, urethral pressure profile measure-
ments and lateral urethrocystography have con-
firmed that the urethral zone between the point of
maximal urethral closure pressure and the urethral
knee is crucial for continence mechanism. This
zone, termed as the high-pressure zone of the ure-
thra, has been calculated to lie between 53 and
72 % of the functional urethral length, where
pubourethral ligaments attach [1]. We conducted
an unmatched case-control study of 100 patients
who underwent transobturator sling surgery
(Monarc, American Medical Systems,
Minnetonka, MN) at our center to determine the
association of static and dynamic location of tran-
sobturator slings with outcomes 1-2 years follow-
ing surgery [15]. These 100 patients constituted
two groups: group A (n=50) who had successful
outcomes and group B (n=50) who had poor out-
comes 1-2 years following surgery. Treatment
outcome was determined based on a composite
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measure of “failure”: presence of urine leakage on
a standardized cough stress test (CST) at 250 mL
and a “yes” answer to question 3 of the UDI-6
validated questionnaire. All the enrolled patients
underwent 3D EVUS of the anterior pelvic
compartment by a fellow who was blinded to the
treatment outcomes. The sling location was sig-
nificantly more proximal in group B as compared
to group A (p<0.001). In group A, while only
50 % of the slings were located beneath the “high-
pressure zone,” 20 % were located at the junction
of proximal and midurethra. On dynamic assess-
ment during cough and Valsalva, the urethra
moved concordant with the sling in 44 (88 %)
patients in group A and only in 21 (42 %) of
patients in group B (p<0.001). The urethrovesical
junction moved distal to the sling on dynamic
assessment in nine (18 %) patients in group B and
none of the patients in group A (p<0.001). Thus in
our study, transobturator slings were found to be
located more proximally on 3D EVUS in patients
with sling surgery when compared with patients
with successful outcomes. Also dynamic func-
tional assessment of the sling helped understand in
vivo sling behavior in patients with poor outcome
following surgery.

Kociszewski et al. [10] found using transperi-
neal ultrasound in 72 women, that a TVT tape
located between 50 and 80 % of the urethral
length was associated with a success rate of
91 %, whereas the other tape positions failed in
36 % of the patients (p =0.0085). In another study
of 61 patients who had poor outcome following
sling surgery (49 patients had undergone transob-
turator sling surgery and the remaining, a retropu-
bic procedure), 3D EVUS was performed with the
8848 probe [16]. Only 21.3 % of the patients had
the tape positioned between 50 and 75 % of the
urethral length. The tape was found below 50 %
of the functional urethral length in 73.8 % of the
patients examined and above 75 % of functional
urethral length in 4.9 % of the patients [16].

Is this change in position observed a natural
progression or iatrogenic? The position of TVT
sling has not been observed to change much over
time [17, 18]. A gradual caudal displacement of
the TVT has been described, but it is concordant
with the distal movement of the surrounding
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tissues, particularly in women who have undergone
concomitant anterior repair. It therefore may
reflect recurrence or progression of prolapse
rather than natural tape movement [6]. One pos-
sible explanation is that the sling was inserted
proximally rather than in the midurethral location
at the time of surgery. In a study of 102 women
who underwent TVT sling surgery, urethral
length was measured by preoperative introital
ultrasonography, and suburethral incision was
initiated at one-third of the sonographically mea-
sured urethral length [19]. Six months following
surgery, the TVT sling was found in the target
range of 50-70 % of the urethral length in 88.2 %
of patients. 91.1 % of the patients were cured and
6.9 % of the patients showed improved conti-
nence symptoms.

If location of the sling is important, does stitch-
ing the sling in place after insertion help?
Rechberger et. al. randomly allocated 463 patients
with SUT to treatment with a standard transobtura-
tor sling procedure (232 patients) or to a transobtu-
rator sling procedure with additional 2-point tape
fixation with absorbable sutures (231 patients).
Both the subjective cure rate (85.15 % vs. 75.77 %)
and the objective cure rate (85.37 % vs. 75.59 %)
were significantly more in the tape-fixation group
[20]. Among patients with intrinsic sphincter
deficiency, the outcomes were significantly
better in the tape-fixation group when compared
with the control group (95.1 % vs. 73.8 % cured
or improved; p=0.0011).

However, does suture-fixating the sling at the
time of implantation ensure that the sling will
remain in the desired location a year after sur-
gery? We conducted an unmatched case-control
study of 80 patients returning to our center for the
1-year follow-up visit following sling surgery for
SUI [21]. The study group A consisted of 40
patients who had undergone transobturator sling
surgery (Monarc, American Medical Systems,
Minnetonka MN) in which the sling was not
suture-secured to the midurethra. Forty patients
had undergone a suburethral pubovaginal sling
procedure during which the tape was suture-
fixated to the proximal urethra (I-STOP, CL
Medical, Lyon, France) and constituted the con-
trol group B. All the enrolled patients underwent
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3-dimensional endovaginal ultrasound of the
anterior pelvic compartment at the 1-year follow-
up visit by a fellow who was blinded to the type
of sling surgery performed. Only 14 (35 %)
patients had the sling in the desired location in
group A as compared to 31 (77.5 %) patients in
group B (p<0.001). The odds of the sling being
located at the desired position was significantly
more in group B when compared with group A
(OR, 2.21; 95 % CI, 1.027-4.77, p=0.04). Thus,
we found that suture-fixating the sling tape in
place during implantation may ensure that the
sling is in the desired location 1 year following
sling surgery. In order to understand whether
the transobturator route of the surgery was a
potential confounder to the study results, we
expanded the study to include 40 patients who
had undergone TVT (Ethicon, Bridgewater, NJ)
sling surgery in a third group (unpublished data).
In the TVT group also, only 14 (35 %) patients
had the sling in the desired midurethral location
when compared to 31 (77.5 %) in the I-STOP
group. Based on tape percentile (the distance of
the midpoint of the sling from the urethrovesical
junction divided by the urethral length), the tape
location in the patients who had undergone tran-
sobturator sling surgery was more proximal than
that in patients who had undergone TVT sling
surgery; however, it was not statistically signifi-
cant (p=0.254). There may be other confounders
that we have not accounted for, including the dif-
ference in elasticity and flexibility of the slings;
however, the study results do suggest that suture-
fixating the tape in place during implantation
may help to ensure desired sling location a year
following surgery. We are now conducting a pilot
study where we are stitching Monarc slings in
place after insertion, and we will compare loca-
tion of the slings in these patients with those in
whom the sling has not been stitched in place.

7.2.5.3 Planning of Treatment in
Patients with Complicated
Treatment History
Many patients who are referred to a center with
incontinence have a complicated treatment history.
Many have history of multiple sling surgeries
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Fig. 7.8 180° scan of anterior compartment: multiple pre-
vious sling surgeries. B bladder, U urethra, P pubic sym-
physis, UVJ urethrovesical junction, S/ midurethral
retropubic sling, S2 transobturator sling displaced distally

Fig.7.9 180° scan of anterior compartment: previous three
sling surgeries and MPQ injection. B bladder, U urethra, UB
urethral bulking agent, 7 probe, SI prolene patch sling, 52
midurethral retropubic sling, S3 transobturator sling

(Fig. 7.8) or multiple previous sling surgeries
followed by multiple bulking agent injections
(Fig. 7.9).

Multicompartment 3D imaging is useful in
understanding the location of the slings and bulk-
ing agent injections and plan future treatment.
For example, in a patient with a previous sling and
bulking agent injection in whom symptoms have
improved but not completely cured, multicom-
partment imaging may show that the sling is in the
right location; however, the bulking agent is not
distributed circumferentially around the urethra.
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Fig. 7.10 180° scan of the anterior compartment: tran-
sobturator sling too close to the urethral lumen. B bladder,
U urethra, P pubic symphysis, UVJ urethrovesical junc-
tion, S transobturator sling, 7' probe

In such a patient, one may decide to inject the
bulking agent in the bare area around the urethra
where the bulking agent is not present.
Conversely, one may see multiple slings; how-
ever none of them may be located in the appropri-
ate location. Dynamic functional assessment also
aids in planning future treatment by helping
understand the in vivo behavior of the slings
inserted previously.

7.2.5.4 Planning of Treatment

in Patients with Voiding

Dysfunction Following

Sling Surgery
Voiding dysfunction following sling surgery can
often pose a diagnostic and treatment conundrum.
While it is often severe enough for the future
treatment plan to be clear, the symptoms and signs
are frequently indeterminate. Urodynamic param-
eters may also be borderline. In such a scenario,
ultrasound examination including dynamic assess-
ment may provide useful information to help make
the correct diagnosis and plan future treatment. 3D
EVUS with the 8848 probe may show the sling to
be too close to the urethral lumen thus causing
obstruction (Fig. 7.10). Multicompartment imag-
ing, particularly with transperineal ultrasound,
helps to confirm the diagnosis and also clarify
that the reduced distance between the sling and the
urethral lumen is not due to compression of the

anterior compartment structures caused by the
insertion of the probe in the vagina. Dynamic
functional assessment may allow a real-time
assessment of the obstruction of the urethra
during Valsalva. Often patients with voiding
dysfunction have Valsalva voiding thereby com-
pounding the obstruction.

There is no consensus in literature on the
sonographic diagnosis of urethral obstruction
caused by the sling, but there are many studies
that confirm using transperineal ultrasound that a
reduced sling—symphysis pubis distance and a
reduced sling—urethral lumen distance are associ-
ated with voiding dysfunction. Chantarasorn
et al. measured the tape gap, i.e., the distance
between the sling and symphysis pubis at maxi-
mal Valsalva in 92 patients who had undergone
Monarc sling (American Medical Systems,
Minnetonka, MN) surgery and found that patients
who had voiding dysfunction had significantly
reduced tape gap (9.91 mm as compared to
11.31 mm in patients without voiding dysfunc-
tion, p=0.014) [22]. Yang et al., in a study of 56
women who had undergone Monarc (American
Medical Systems, Minnetonka, MN) transobtura-
tor sling surgery, found that compared to the
patients who did not, the women who reported de
novo or worsening voiding dysfunction postop-
eratively had larger resting sTA (symphysis
pubis-tape angle, i.e., the angle between a line
from the center of the tape to the inferior border
of the symphysis pubis and the midline of the
symphysis pubis in the sagittal plane) and higher
incidence of urethral encroachment at rest [23].
Urethral encroachment was defined as the pres-
ence, in the sagittal plane, of an indentation in the
urethral outer wall beside the tape, with a plateau-
like elevation of the inner wall and narrowing
of the echolucent urethral core, which encom-
passed the lumen and surrounding tissues [23].
Kociszewski et al., in their study on the dynamic
changes in TVT shape at rest and during straining
mentioned earlier in the chapter, also studied
whether the sling—urethral lumen distance was
correlated with symptomatology following sur-
gery. They found that the best outcome following
surgery was obtained in the patients in whom the
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tape was at least 3 mm from the urethral lumen.
Complications such as voiding dysfunction and
frequency/urgency with or without incontinence
were only seen in patients with a distance
between the tape and urethral lumen of less than
3 mm [10]. They contend that the c-shape along
its width that the tape assumes on Valsalva indi-
cates that tension is being exerted. They therefore
extrapolated that a TVT tape that is already
c-shaped along its width at rest is an indication of
too much tension exerted on the urethra and
therefore may be associated with voiding dys-
function. This is supported by Dietz et al. who
also stated that most suburethral tapes can assume
a tight c-shape, in particular on Valsalva [6]. The
more pronounced this effect is at rest, the tighter
one may assume the tape to be [6]. However, the
c-shape seen at rest may be a reflection of tape
bending or twisting following insertion and not
necessarily a tight sling placement. A loosely
placed tape can also assume a c-shape along its
width, and therefore, it is the distance of the tape
from the urethral lumen at rest that would seem
more predictive of voiding dysfunction than the
presence of a c-shaped tape at rest.

7.2.6 Comparison of Transperineal
and Endovaginal Ultrasound
in the Imaging of Slings

We conducted a prospective cohort study of 100
patients who underwent transobturator sling sur-
gery (Monarc, American Medical Systems,
Minnetonka MN) in whom both transperineal
ultrasound and 3D EVUS of the anterior pelvic
compartment were performed at the 1-year fol-
low-up visit [24]. A composite outcome measure
was used to determine treatment failure: positive
urine leakage on a standardized CST (250 mL)
and a positive answer to question 3 of UDI-6
validated questionnaire. The 3D volumes
obtained were analyzed to determine sling
location in the midsagittal view. Seventy of the
patients included in the study had successful out-
come at the 1-year follow-up visit (group A), and
30 patients had failed sling surgery (group B).
Based on concordance of sling location using the
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two approaches, the location was called concordant
proximal, concordant midurethral, or concordant
distal if the location of the sling using the two
approaches were both proximal, midurethral, or
distal, respectively. The location was called dis-
cordant type 1 if the sling was found to be more
proximal using 3D EVUS as compared to trans-
perineal ultrasound and discordant type 2 if
the sling was found to be more distal using 3D
EVUS as compared to transperineal ultrasound.
The number of patients with concordant midure-
thral location of the sling on both transperineal
and endovaginal ultrasound was significantly more
in group A as compared to group B (p<0.001).
The relative risk of failing sling surgery in
patients with discordant type 1 profile of sling
location was 4.01 (95 % CI 2.47 — 6.52; p <
0.001) that in patients who did not have discor-
dant type 1 profile.

On dynamic assessment of the sling with
transperineal ultrasound, in all the 14 patients
with discordant type 1 profile at rest, the urethra
was seen to move distally dissonant to the move-
ment of the sling. In six patients, the urethrovesi-
cal junction moved distal to the sling. However,
in all patients with concordant midurethral sling
location at rest as seen using the two probes, the
sling and urethra moved in a concordant manner
(p<0.001). Thus, patients in whom sling seems
to be located more proximally on endovaginal
ultrasound as compared to transperineal ultra-
sound are more likely to have poor outcome fol-
lowing sling surgery. In the patients who have a
good outcome following surgery, the sling is seen
at the same location with both probes. There are
two possible explanations for the above finding:
It may be that the sling has not fixated in place
properly or that the sling has been inserted loosely
at the time of surgery and therefore the bladder,
urethra, and their surrounding tissues can move
independent of the sling. In other words, the blad-
der and urethra move when the 8848 probe is
inserted into the vagina. However, the sling does
not move with them as there is no tissue bridge
connecting the sling with the urethra.

Endovaginal ultrasound can also diagnose
tape bunching or twisting (Fig. 7.11a, b) and
asymmetry. There is some literature on the utility



144

A.Hegde and G.W. Davila

Fig. 7.11 (a) 180° scan of the anterior compartment:
transobturator sling bunched and shifted proximally. B
bladder, U urethra, P pubic symphysis, 7" probe, S tran-
sobturator sling. (b) 360° scan: 3D data volume manipu-

of 3D ultrasound in understanding the reasons for
postoperative de novo urgency; however it is not
conclusive. De novo urge symptoms have been
found to increase significantly when the TVT
tape was positioned less than 3 mm from the ure-
thral lumen [10]. Conversely another study found
significantly higher rates of urgency incontinence
if the tape gap (distance of the tape from symphy-
sis pubis) was higher. Tape location has not been
found to be associated with postoperative de
novo urgency incontinence [22].

7.3  Multicompartment
Endovaginal Imaging

in the Visualization of
Meshes Used in Pelvic Organ

Prolapse Surgery

Before the recent FDA notification [25], there
was a worldwide trend towards mesh implanta-
tion, especially for recurrent prolapse [6].
Synthetic mesh use in POP surgery is often asso-
ciated with complications such as mesh erosion
[26],contraction,andpain[27]. Multicompartment
imaging is useful in determining the location and
function of synthetic implants (Fig. 7.12a, b).
Ultrasound can be used to image both older mate-
rials such as Marlex and Mersilene as well as the
currently used prolene and combination meshes
such as Vypro [6]. The advantage of 3D ultrasound,

lated in an oblique plane to demonstrate single incision
sling twisted near its insertion. U urethra, R rectum,
T probe, OF obturator foramen, S single incision sling

as stated before, is the fact that the 3D data volume
can be manipulated using a combination of
straight and oblique planes to determine the
intrapelvic course of mesh implants.

Multicompartment imaging has several uses
when synthetic mesh implants are considered.
It can help clarify the symptoms of pain and ero-
sion associated with mesh implants. It is also
useful in patients with a history of mesh surgery
in whom the exact nature of the surgery or the
site of mesh placement is unknown. Imaging can
be performed preoperatively to understand the
intrapelvic course of the mesh implant in order
to plan mesh revision surgery better. It can also
be performed following mesh removal surgery to
determine if there is any mesh left behind.
Dynamic functional assessment of the pelvis can
also help to understand function and location of
the mesh. In one patient who underwent mesh
revision surgery following Avaulta anterior
repair due to mesh erosion into the urethra, 3D
EVUS of the anterior pelvic compartment fol-
lowing surgery revealed that though the mesh
eroding into the urethra had been removed, there
was still a piece of mesh in the urethral wall that
could erode out into the urethral lumen in the
future. Lastly, anterior mesh kits like Perigee
are not attached to the apex, and the resultant
“gap” in support leads to failure of the repair
which can be diagnosed on transperineal ultra-
sound (Fig. 7.12c).
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Fig. 7.12 (a) 180° scan of the anterior compartment:
mesh in the anterior vaginal wall. B bladder, P pubic sym-
physis, U urethra, M mesh. (b) 180° scan of the anterior
compartment: mesh in the anterior vaginal wall associated

Shek et al. used 3D transperineal ultrasound to
audit transobturator mesh repair for large and/or
recurrent cystocele [28]. The implant was visible
in all 48 women at an average follow-up of 11
months [6]. In five women, the mesh axis
changed markedly on Valsalva with more than
90° of rotation of the cranial margin in a ventro-
caudal direction, implying dislodging of the
superior anchoring arms [6].

7.4  Multicompartment
Endovaginal Imaging in the
Visualization of Biologic

Grafts

In the last few years, our group has started assess-
ing the use of biologic grafts for POP surgery,
especially the use of composite synthetic tape-

with edema mesh in the anterior vaginal wall. B bladder,
P pubic symphysis, U urethra, M mesh. (¢) Transperineal
ultrasound: mesh in the anterior vaginal wall detached
from the apex. B bladder, M mesh, T probe

biologic graft (non-cross-linked porcine dermis
graft) kits for combined apical and anterior/
posterior repair. The composite kit enables us to
provide sturdy support to the apex with the syn-
thetic tape (mimicking level I ligamentous sup-
port) and biological graft augmentation to the
anterior/posterior wall, while avoiding the com-
plications associated with vaginally implanted
synthetic mesh materials. Given the recent FDA
notification [25], biologic xenografts may have a
significant role to play in selected patients with
POP. Unpublished data from our center on the
use of the InteXen LP graft in the Apogee and
Elevate synthetic tape-biological graft combined
kit has shown encouraging 1-year outcomes
following combined apical/anterior and apical/
posterior repairs.

The behavior of biologic grafts after implanta-
tion is not clearly understood. Non-cross-linked
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Fig. 7.13 (a) 180° scan of the posterior compartment:
non-cross-linked porcine dermis graft in the posterior vag-
inal wall. R rectum, A anal canal, BG biologic graft, LP
levator plate. (b) 180° scan of the posterior compartment:

biologic grafts are designed to provide a scaffold
of acellular material to facilitate the infiltration
and subsequent replacement of graft tissue with
regenerated functional host tissue. The time
frame in which this replacement of graft tissue
occurs is crucial. Early resorption could lead to
weaker repair and delayed resorption could
be associated with the increased complications
that the biologic grafts are meant to avoid,
namely, erosion, dyspareunia, and contraction.
Histopathological examination of implanted graft
material at different time periods following sur-
gery would be ideal to understand graft behavior
in vaginal tissue. However, given the ethical
issues underlying such a study, examination of
the implanted tissue using ultrasound is a prudent
alternative.

We conducted a prospective cohort study in 48
patients who had undergone multicompartment
POP correction with a composite synthetic tape-
biologic graft kit, to document whether non-cross-
linked porcine dermis graft could be visualized
on ultrasound and to determine the time frame of
integration of the graft with host tissue.
Postoperatively, patients visiting the clinic for
their 3—4- or 6-7- or 10-12-month follow-up
were examined with 3D EVUS of the anterior or

non-cross-linked porcine dermis graft in the posterior vag-
inal wall. R rectum, A anal canal, BG biologic graft, LP
levator plate

posterior pelvic compartments with the BK 8848
probe [29]. The non-cross-linked porcine dermis
graft was identified as a hyperechogenic layer
between the vaginal wall and bladder/urethral
wall or between the vaginal wall and anorectal
muscularis (Fig. 7.13a, b) in patients who had
undergone combined apical-anterior wall repair
and apical—posterior wall repair, respectively. The
median thickness of the graft was found to be 1.1
(range: 0.9-2)mm. Median length of the graft in
patients who had undergone anterior repair was
20.35 (range: 16.37-23.12)mm, and those who
had undergone posterior repair was 40.61 (34.12—
48.25) mm. The graft was visualized in all patients
at the 3—4-month period and 6-7-month period
and in only 4.17 % patients at the 10—12-month
period following surgery. Thus non-cross-linked
porcine dermis grafts become completely incor-
porated into host tissue in most patients by the end
of the first year after surgery. This study was
encumbered by the fact that different groups of
women were examined at the different follow-up
milestones following surgery. We are therefore
currently following up this study with a prospec-
tive study in which we are following the same
group of women with 3D EVUS at 3-, 6-, and
9-month intervals.
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7.5 Multicompartment
Endovaginal Imaging
in the Visualization

of Bulking Agents

Transurethral injection of bulking agents is a via-
ble alternative to surgery for patients with persis-
tent or recurrent stress urinary incontinence due
to intrinsic sphincter deficiency [8]. However,
success rates following the procedure are highly
variable [7]. The optimal site for injection and the
amount to be injected are still unclear. The deci-
sion to perform repeat injections is largely empir-
ical and is generally based on patient reporting on
the post-procedure impact on continence [30].
Thus, identifying the optimal site of injection and
other intraoperative clinical parameters that can
reliably predict outcomes following the injection
is highly desirable and may improve the cost-
effectiveness of the procedure [8]. Bulking agents
like MPQ (Uroplasty, Minnetonka, MN) [8] and
collagen [30, 31] can be easily visualized with the
help of ultrasound. 3D ultrasound allows for more
accurate and precise volume estimation than the
conventional B-mode imaging, particularly for
structures that are irregularly shaped [32].

We performed 360° 3D EVUS in 100 treat-
ment naive patients following MPQ injection
(Uroplasty, Minnetonka, MN) to identify sono-
graphic parameters that are associated with suc-
cessful outcomes [8]. The location, volumes,
periurethral distribution, and the distance of the
hyperechoic densities from the urethrovesical
junction were assessed. The distance of the
injected MPQ from the urethrovesical junction
was determined by calculating the mean of the
distance of the proximal limit of the left and
right injected volumes from the urethrovesical
junction (Fig. 7.14). For assessment of the peri-
urethral distribution, the 3D data volume was
manipulated to determine the axial plane in
which the instillation of MPQ was maximal. The
area of each quadrant filled with MPQ was deter-
mined in the selected axial plane [8]. Each quad-
rant was considered to be adequately filled if
more than 50 % of the area of the quadrant in the
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Fig.7.14 360° scan: midurethral location of the bulking
agent marked out. T probe, R rectum, A anal canal, UVJ
urethrovesical junction, UB urethral bulking agent, B
bladder

selected axial plane was filled with MPQ. The 3D
data volume for each patient was then assessed to
determine the number of quadrants adequately
filled with MPQ: If more than 50 % of the area of
3 consecutive quadrants or all 4 quadrants were
filled with MPQ, the patient was considered to
have “circumferential” distribution. If less than
50 % of the area of three consecutive quadrants
or only 2 or 1 quadrant were filled with MPQ), the
patient was considered to have “partial” distribu-
tion (Fig. 7.15a—c). For assessment of location of
the injected MPQ, the urethra was divided along
its length into three equal sections in the sagittal
plane: proximal, middle, and distal [8]. The site
of injection was considered to be proximal ure-
thra, midurethra, or both if more than 50 % of the
area of either or both was filled with MPQ instil-
lation (Fig. 7.14).

The patients were divided into two groups:
A (n=72), patients who had good clinical out-
comes, and B (n=28), patients who were not
improved or worsened. The two groups were
compared with respect to the measured ultrasound
parameters. Group A had a greater proportion of
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Left upper

Right upper quadrant

quadrant

Left lower
quadrant

Right lower
quadrant

Fig. 7.15 (a) 360° scan: measuring the periurethral dis-
tribution of Macroplastique instillation. A anal canal, LA
levator ani muscles, U urethra. (b) 360° scan: circumfer-
entially distributed Macroplastique. T probe, UB urethral

women with MPQ located in proximal urethra,
while midurethral location was found to be sig-
nificantly more in group B (p=0.036). The odds
of a circumferential periurethral distribution in
group A were 13.62 times the odds in group B
(95 % CI: 5.12-56.95). When the location of the
injection and the type of periurethral distribution
were considered together, it was found that when
the site of injection was proximal, the odds for
circumferential distribution in group A were sig-
nificantly greater than that in group B (odds ratio
(95 % CI): 22 (3.05-203.49), p<0.001). Thus
proximally located MPQ and circumferential

bulking agent, LA levator ani muscles, U urethra, A anal
canal. (c¢) 360° scan: partially distributed Macroplastique.
LA: levator ani muscles, A anal canal, U urethra, UB ure-
thral bulking agent

periurethral distribution of MPQ are individually
associated with successful outcomes following
the injection. The combination of circumferen-
tially distributed and proximally located MPQ is
associated with best short-term clinical out-
comes [8].

Previously, in a study of 23 women with trans-
perineal ultrasound carried out before and after
periurethral collagen injections, it was reported
that short-term continence status was related to
the height of the “collagen bumps” on either side
of the bladder neck. Continence was not achieved
in the study if the “bumps” were located less than
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10 mm from the bladder neck [33]. In another
study of 31 women, in whom transperineal ultra-
sound was performed 3 months after the first
periurethral collagen implant, a distance of col-
lagen from the bladder neck of less than 7 mm
was found to be associated with positive out-
comes. The threshold of 7 mm was found to have
a sensitivity of 83.3 %, specificity of 85.7 %,
positive predictive value of 93.7 %, and negative
predictive value of 66.6 % [34]. Although these
studies support instillation of the material in the
proximal urethra, description of the implants in
terms of the distance from the urethrovesical
junction may not be adequate as it does not take
into account the extent to which the proximal
urethra is filled with the implant. For example, the
implant may be only 3 mm in distance from the
urethrovesical junction; however, it may only fill
10 % of the proximal urethra and the rest of the
implant may be placed mostly in the midurethra.
In our study, we did not find any statistically sig-
nificant difference in the distance of the MPQ
implants from the urethrovesical junction between
groups [8].

Other studies have also commented on peri-
urethral distribution of bulking agents and its cor-
relation with clinical success [8]. In aretrospective
study of 46 women in whom 3D transperineal
ultrasound was performed 4—12 weeks following
the periurethral collagen injection, DeFreitas
et al. [30] found that a significantly greater pro-
portion of women with a good clinical outcome
had circumferentially distributed collagen on
ultrasound (62 %) compared with the women
who did not benefit from the treatment (20 %,
p00.006) [8]. Conversely, a significantly greater
proportion of women who did not benefit from
the treatment had a partial distribution (68 %)
compared with the women with a good clinical
outcome (29 %, p=0.0169). Radley et al. per-
formed transurethral 3D ultrasound in nine
patients after MPQ injection. They reported that
in the 6 women with good outcome, echogenic
MPQ foci were seen to almost completely encir-
cle the urethra, whereas in the 3 women with per-
sistent stress incontinence, urethral encirclement
was incomplete, and large gaps were observed
between echogenic areas [35]. However, in these
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two studies, the criteria used to define distributions
were not based on actual area measurements that
are replicable [8]. In the paper by DeFreitas et al.,
the term “asymmetric” was used to describe an
ultrasound finding in which collagen was located
in one area around the urethra predominantly,
either right, left, anterior, or posterior. Equal dis-
tribution of the collagen between the left and
right sides of the urethra was termed “symmet-
ric,” and “circumferential” was used when the
collagen was distributed in a circular or horse-
shoe configuration [8, 30]. Our study provides
standard criteria based on area cutoffs to define
circumferential and partial distribution that can be
reliably reproduced and used in both further stud-
ies and in practice. Poon et al. [32] reported that
the volume of the injected material on ultrasound
at which continence improvement was achieved
following collagen injection spanned a fairly broad
range, from 1 cm?® to more than 5 cm?®. Thus, they
argued that more than measuring the volume of the
implant, 3D ultrasound assessment is necessary to
determine how well the periurethral submucosal
space is circumferentially “filled” in a given
patient. This study corroborates this fact: It was
the distribution of injected material in the various
quadrants considered together that was found to
correlate with clinical outcomes. Volume mea-
surements are not helpful as the same volume of
injected material can often occupy two quadrants
in one patient and three in another [8].
Determination of periurethral distribution on
3-dimensional endovaginal ultrasound following
MPQ injection has several potential benefits.
This study suggests that circumferential periure-
thral distribution on ultrasound can be used as an
intra-procedure parameter to predict short-term
clinical outcomes. In a patient with partial distri-
bution seen on ultrasound performed immedi-
ately after the injection, MPQ may be injected in
an unfilled quadrant submucosally in the same
visit so that circumferential distribution is
obtained. Hence repeat injections can be avoided
or the number of repeat injections needed may be
reduced, thus reducing patient bother and also the
cumulative costs of the procedure. An ultrasound
examination can also be performed during the
follow-up visit in a patient with unsatisfactory
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Fig. 7.16 180° scan of the anterior compartment:
Macroplastique circumferentially ~distributed around
proximal urethra. B bladder, U urethra, UB urethral bulk-
ing agent, T probe, P pubic symphysis

improvement. The need for a repeat injection can
be determined, and the quadrants where the mate-
rial needs to be injected could be mapped out.
An ultrasound can be performed immediately
after the repeat procedure to confirm the improved
periurethral distribution of the MPQ [8]. We did
not follow up our patients in group B with repeat
injections to convert the partial distribution into
circumferential distribution. DeFreitas et al. had
performed repeat collagen injections in seven of
their 27 patients who failed to improve after their
first collagen treatment and converted them from
an asymmetric to a circumferential distribution.
Of these seven women, six had a good clinical
response [30].

In centers with access to 3-dimensional endo-
vaginal ultrasound examination, circumferential
distribution of the injection can be ensured in
addition to confirming that the MPQ has been
injected in a proximal location. Also multicom-
partmental scanning can be done; namely, 180°
anterior pelvic compartment scanning can be per-
formed with 8848 probe [8] to confirm the find-
ings of the 360° scan (Fig. 7.16).

Conclusions and Future
Research

7.6

As is evident in this chapter, multicompartment
imaging can be very useful in the diagnosis and
treatment of patients with complications related
to synthetic materials, both synthetic slings used

for incontinence surgery and synthetic mesh used
for prolapse surgery. 3D EVUS can be used to
image biologic grafts and also to document the
timeline of integration of biologic grafts into host
tissue. The 3D EVUS may have prognostic value
following bulking agent injection for inconti-
nence. Assessment of the 3D data volumes obtained
using the different probes and 2D dynamic
assessment films adds entirely new spectra to
understanding functional anatomy in the patient.
The convenience with which pre- and posttreat-
ment imaging data can be obtained and archived
can help us maintain a visual record of the patients’
pelvic floor treatment history. Thus multicom-
partment 3D imaging adds multiple dimensions
to the diagnosis and treatment of the urogynecol-
ogy patient, especially in patients in whom syn-
thetic implants have been used. Perhaps, this is
the most important contribution of this technol-
ogy: allowing the surgeon to better understand
the goals of reconstructive surgery and avoid
many common pitfalls.

But this is just the beginning. The potential
uses can possibly make 3D multicompartmental
imaging the diagnostic standard for management
of problems related to synthetic implants.
However, there is very limited evidence currently
supporting the routine use of endovaginal ultra-
sound imaging in such patients. It is necessary to
conduct research where the efficacy of endovagi-
nal ultrasound in imaging and diagnosing prob-
lems is established and compared to that of
transperineal ultrasound. There needs to be a
consensus on the terminology and various mea-
surements that can be made so that diagnosis
using 3D EVUS can be standardized and diag-
nostic criteria established. Prospective studies are
needed to validate the results of various retro-
spective studies in literature, especially prospec-
tive randomized studies where treatment with/
without 3D EVUS is compared to understand
effectiveness of the use of 3D EVUS in routine
practice. Given the improved understanding of
functional anatomy obtained with the 2D
dynamic assessment films, ultrasound imaging
may be able to significantly enhance our under-
standing of the mechanism of action of various
slings used and therefore potentially help develop
better treatments.
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Eventually, whether this technology becomes

a part of routine practice will depend on cost-
effectiveness, availability of teaching resources,
and improved understanding of its clinical value.
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Endovaginal Imaging of Pelvic
Floor Cysts and Masses

Ghazaleh Rostaminia and S. Abbas Shobeiri

Learning Objectives

Become familiar with the utility of 3D
endovaginal ultrasonography for the
assessment of pelvic floor cysts and masses
such as Bartholin Gland cyst/abscess,
skene Gland cyst/abscess, urethral diver-
ticulum, gartner duct cyst, leiomyoma,
malignant vaginal masses, rectovaginal
septum endometrioma, vaginal hematomas
and endometriomas.

8.1 Introduction

The utility of sonography in the evaluation of
anatomy of the female internal organs is well
established, but little has been reported on the
characterization of vulvovaginal masses. Vaginal
Gartner duct cysts [1], solid masses [2, 3], ure-
thral diverticulum [4-7], and Bartholin glands
[8, 9] have been reported by varied 2-dimensional
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ultrasonography techniques. There are case
reports of varied masses evaluated by magnetic
resonance imaging (MRI) or computed tomogra-
phy (CT) scanning [10-12].

3D endovaginal ultrasound technique has
been described previously for identification of
levator ani muscles and authenticated its interob-
server and interdisciplinary reproducibility [13,
14]. The aim of this chapter is to demonstrate the
utility of 3D endovaginal ultrasonography (3D
EVUS) for visualization of variety of vaginal
masses seen by this technique.

8.2 Text

8.2.1 3D Endovaginal Ultrasound
Technique

Unlike the other transducers that utilize end-fire
probes for visualization of female reproductive
organs, the probes used in this article are side-fire
to visualize vaginal walls and the structures lat-
eral to it. BK Medical Ultraview ultrasound
machine (Peabody, MA) with an 8848 or a 2052
automatic transducer with 3D imaging technol-
ogy can be used for acquisition of images as out-
lined in chapter on instrumentation and
techniques. The transducers are the size of an
average index finger (2 cm in diameter) which is
important since many patients with vaginal
pathology may present with pain or pressure.
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Ample ultrasound gel should be used to avoid air
artifact. The scanning with a 2052 probe is per-
formed in a standardized fashion from 6 cm
cephalad the hymen to 3 cm caudad to the
hymenal ring depending on the location of the
mass [13]. With each scan, a length of 6 cm is
scanned in 60 s with axial images obtained every
0.2 mm with cumulative 300 scans from which a
3D-rendered volume is calculated. The 8838
transducer scans a 360° angle for a length of 6 cm.
The 3D volume is obtained rotational computer-
controlled acquisition of 1,400 radial 2D images
every 0.25° to encompass the bladder and urethra
and the anorectum. These probes can also be uti-
lized in 2D or 3D in color Doppler modes for
evaluation of vascular structures in selected
cases. Echogenic structures or hypoechoic struc-
tures suspicious for being vaginal masses can be
easily evaluated. Each 3D volume can be digi-
tally catalogued for future analysis on a desktop
computer.

8.2.2 Bartholin Gland Cyst/Abscess

Bartholin glands are paired vulvovaginal, tubular
alveolar glands lined by mucous-secreting epithe-
lium, drained by ducts approximately 2.5 cm in
length which exit at the junction of the hymenal
ring and labia minora on the posterolateral aspect
of the vagina. The ducts, lined by transitional epi-
thelium, are prone to obstruction at their vestibu-
lar orifice, resulting in accumulation of secretion
and subsequent cystic dilatation. Although such
obstructions can result from gonococcal infec-
tion, other infections and trauma more commonly
explain the occlusion. Bartholin gland cysts
account for 2 % of all gynecologic visits per year.
Most Bartholin duct cysts are asymptomatic.
When symptoms do occur, most patients com-
plain of discomfort during coitus or pain while
sitting or walking. The treatment of Bartholin
gland cysts has evolved from a complicated,
bloody procedure requiring general anesthesia to,
most recently, a simple puncture of the cyst and
placement of a drain performed in the office.
Although treatments for Bartholin gland cysts
seem simple on the surface, recurrent cysts as
well as differentiating simple cysts from abscesses

G. Rostaminia and S.A. Shobeiri

Fig. 8.1 Left Bartholin gland cyst. Axial view with 360°
endovaginal ultrasound probe. A anus, BG Bartholin
gland, LA levator ani muscle, 7 transducer. © Shobeiri

or malignancy can complicate treatment for this
common problem [15].

3D Endovaginal Ultrasound

Appearance of Bartholin Gland Cyst
Sonographic findings of these lesions vary and
may include anechoic, hypoechoic, or echogenic
texture with variable combinations of this pat-
tern. Usually the anechoic center is surrounded
by irregular echogenic layers thought to represent
an inflammatory reaction in the adjacent tissue.
Occasionally debris and septations may be noted
within the anechoic center structure [8]. Internal
growth and septations are worrisome for malig-
nancy (Figs. 8.1 and 8.2).

8.2.3 Skene Gland Cyst/Abscess

Paraurethral Skene glands are considered the
homologue of the prostate in females [16, 17].
Controversy exists on the function of Skene’s
glands, their role in sexual function, female
orgasm and ejaculation, and even their anatomy.
Infection in these glands was described with gon-
orrheal infection in 1672 by Regnier de Graaf
(1641-1693), which was long before Skene
described them in 1880. Asymptomatic cysts of
the duct or gland are uncommon and when
infection occurs can cause pain, dysuria, vaginal
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Fig. 8.2 Right Bartholin gland cyst. Axial and sagittal
view with 360° endovaginal probe. Internal echo can be
seen in cyst. In sagittal view cephalad extension of cyst
can be evaluated. A anus, LA levator ani muscle, PS pubic
symphysis, 7 transducer, # internal echo of cyst, *
Bartholin gland cyst. © Shobeiri

discharge, and dyspareunia. On examination a
palpable painful mass is present next to the distal
urethra and purulent material can be expressed
from the ductal orifice. Skene’s abscesses can be
distinguished from urethral diverticulum, which
is usually more proximal and communicates with
the urethra through a diverticular orifice. When
doubt exists, imaging with positive pressure
urography using a Trattner’s catheter, ultrasound,
or MRI can be helpful [18].

3D Endovaginal Ultrasound
Appearance of Skene Gland Cyst
Skene glands are group of tubular glands that lie
on the vaginal surface of the urethra. These para-
urethral glands empty into the lumen at several
points on the dorsal surface of the urethra; the
majority of them are located in the middle to
distal urethra, near the 3 o'clock and 9 o’clock
positions [19]. Two prominent openings on the
inner aspects of the external urethral orifice can
be seen when the orifice is open. Obstruction of
their terminal duct can result in cyst formation.
They represent smooth margins on ultrasound
images. Depending on its contents, the cyst may
show no internal echoes or echoes may diffusely
line the interior of the cysts (Figs. 8.3 and 8.4).
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Fig. 8.3 Skene gland mass. Axial view with 360° endo-
vaginal probe. A anus, T transducer, * Skene gland mass.
© Shobeiri

Fig. 8.4 Skene gland cyst. Midsagittal view with 360°
endovaginal probe. A anus, B bladder, PB perineal body,
PS pubic symphysis, T transducer, U urethra, * Skene
gland cyst. © Shobeiri

8.2.4 Urethral Diverticulum

Urethral diverticulum in women may be more
common than has been suspected and should be
excluded in patients with chronic irritative void-
ing symptoms, post void dribbling, or dyspareu-
nia. The pathogenesis of this condition is poorly
understood, and these lesions represent a spec-
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Fig. 8.5 (a) Left midsagittal view with 360° endovaginal
probe of periurethral bulking agent at vesicourethral junc-
tion. A anus, B bladder, PS pubic symphysis, T transducer,
* periurethral bulking material. © Shobeiri. (b) Axial

trum of disorders ranging from isolated sub ure-
thral cysts to herniation of the urethral lining into
the vaginal mucosa. Urethral diverticula usually
are small, varying from 3 mm to 3 cm in diame-
ter. Although most diverticula lie posterior to the
urethra, they also can be located laterally or ante-
riorly or even partially or completely surround
the urethra (saddle diverticulum). Accurate diag-
nosis is based on history and clinical evaluation.
Perineal ultrasound and MRI have been used for
diagnosis. A diverticulum may fill during the
voiding phase of urography or cystourethrogra-
phy, presenting as a well-contained fluid collec-
tion adjacent to the urethra. Assessing urethral
diverticula by sonography was first introduced by
Lee and Keller [20]. Ultrasonography can be
used to help differentiate solid from cystic sub
urethral masses, to identify stones within diver-
ticula, and to visualize intraluminal masses (e.g.,
carcinoma, nephrogenic adenoma, mesonephric
adenocarcinoma) [21].

3D Endovaginal Ultrasound

Appearance of Urethral Diverticulum

The majorities of urethral diverticula are located
in the middle third of the urethra and involve the

view of a periurethral mass masquerading as a diverticu-
lum. A anus, PS pubic symphysis, 7 transducer, * left peri-
urethral mass with indistinct borders is outlined.
© Shobeiri

posterolateral wall [22]. Ultrasound shows a rela-
tively echo-free cavity adjacent to the urethra with
an orifice that communicates with the urethral
lumen; it also may demonstrate inflammatory
debris and/or surrounding inflammatory edema.
Given that urethral diverticulum is very common,
clinical acuity is needed to differentiate it from
the other conditions (Figs. 8.5a, b and 8.6).

8.2.5 Gartner Duct Cyst

The distal mesonephric ducts in the female are
resorbed but may persist as vestigial remnants in
the anterolateral vaginal wall down to the hymen
(Gartner’s duct cysts) and between the layers of
the broad ligament (paraovarian cysts). These
cysts are usually small and asymptomatic and
have been reported to occur in as many as 1 % of
all women [23, 24]. Because the ureteral bud also
develops from the Wolffian duct, it is not surpris-
ing that Gartner duct cysts have been associated
with ureteral and renal abnormalities in addition
to associated anomalies of the female genital
tract [25-28]. Ultrasonography of the upper and
lower urinary tract is a noninvasive useful initial
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Fig. 8.6 Urethral diverticulum anterior to the urethra
seen at midsagittal view with 360° endovaginal probe.
This patient’s complaint was pain and a palpable mass
was not evident by physical examination. A anus, B blad-
der, PS pubic symphysis, 7 transducer, U urethral, * ante-
rior urethral diverticulum. © Shobeiri

investigation. The Gartner duct cysts can be
elusive and result in varied fistulas, including
urethrovaginal fistulas [29].

Gartner duct cysts can have varied clinical
presentations and 3D EVUS characteristics.

3D Endovaginal Ultrasound

Appearance of Gartner Duct Cyst

Gartner’s duct cysts will usually be incidental find-
ings during pelvic ultrasonography. Of develop-
mental origin, they may present anywhere along
the lateral aspect of the female genital tract. When
the cysts are of paraovarian origin, they will mimic
other fluid-filled adnexal masses, and no specific
diagnosis can be made. When alongside the vagina
or cervix, however, their ultrasonographic appear-
ance is probably characteristic (Figs. 8.7 and 8.8).

8.2.6 Leiomyoma of Vagina
Although uterine fibroids are common uterine

benign neoplasms worldwide, and many treat-
ment options exist for them, vaginal fibroid reports
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Fig. 8.7 Gartner duct cyst. Axial view with 360° endo-
vaginal probe. A anus, B bladder, G Gartner duct cyst, LA
levator ani muscle, T transducer. © Shobeiri

Fig. 8.8 Gartner duct cyst. Axial and sagittal view with
360° endovaginal probe. A anus, B bladder, G Gartner
duct cyst, LA levator ani muscle, 7 transducer, U urethra.
© Shobeiri

are scarce in the literature [30]. The boundaries of
such mesodermal tumors are difficult to delineate,
but most of the tumors are benign. Even recur-
rence does not signify malignant alteration.
Vaginal leiomyoma presenting as a mass is most
often diagnosed clinically and removed during
surgery. An uncommon presentation may neces-
sitate imaging studies. The lesion described can
have MRI and ultrasound features similar to its
uterine counterpart.
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and endovesical

Fig. 8.9 Periurethral
Midsagittal view with 180° endovaginal probe. Anterior
compartment is visualized in this ultrasound image. B
bladder, PS pubic symphysis, T transducer, U urethra, *
leiomyoma. © Shobeiri

leiomyoma.

3D Endovaginal Ultrasound

Appearance of Leiomyoma

Vaginal leiomyoma has variable consistency and
can be cystic, semi-cystic, or solid. The ultrasound
reveals the heterogeneous echo texture consistent
with myomata (Fig. 8.9). The leiomyoma can
occur anywhere along the vaginal tract; however
the condition is very uncommon.

8.2.7 Malignant Vaginal Masses

Carcinoma of the vagina is uncommon, occurring
in less than 2 % of patients with gynecologic
malignancies. The most common histologic type
of primary vaginal tumor is squamous carcinoma.
As with cervical intraepithelial neoplasia and car-
cinoma, the human papilloma virus is probably
responsible for the majority of vaginal carcino-
mas. Plentl and Friedman [31] found that 51 % of
vaginal carcinoma lesions occur in the upper third
part of the vagina, 30 % in the lower third, and
19 % in the middle third. In the lower third, lesions
most often occur in the anterior wall, whereas in
the upper third, lesions most often appear in the
posterior vaginal wall. In general, invasive carci-
noma of the vagina appears as either as a raised
exophytic lesion or an ulcerative, depressed lesion
in the vaginal wall. In either case the definitive
diagnosis is made by biopsy of the lesion.
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Fig. 8.10 Vaginal cancer. Midsagittal view with 180°
endovaginal probe. B bladder, PS pubic symphysis, T
transducer, U urethra, * vaginal mass. © Shobeiri

3D Endovaginal Ultrasound

Appearance of Malignant Vaginal

Masses

The early diagnosis of vaginal cancer is made in
the course of the routine gynecologic examina-
tion. If the tumor has spread to surrounding struc-
tures, the predominantly hypoechoic tumor
masses may appear as solid, irregularly exophytic
nodules. Ultrasound cannot reliably distinguish
between inflammatory and carcinomatous infil-
tration. CT scans are used to assess metastasis to
inguinal lymph nodes. Ultrasound may be useful
for assessing growth of the tumor into the bladder
or the rectum and assessing its vascularity
(Fig. 8.10).

8.2.8 Rectovaginal Septum
Endometrioma

Rectovaginal endometriosis involves the connec-
tive tissue between the anterior rectal wall and
the vagina and it often infiltrates both. When
endometriosis infiltrates the rectum, it may cause
not only pain but also gastrointestinal symptoms
including dyschezia, hematochezia, diarrhea, and
constipation. Rectovaginal endometriosis is dif-
ficult to assess by clinical examination and infil-
tration of the rectal wall can only be suspected
in 40-68 % of the cases. Therefore, imaging
techniques are mandatory during the preoperative
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workup. A rectovaginal septum endometrioma
can present as a flat cystic lesion. Their location
and size can be varied. Transrectal ultrasonogra-
phy has a sensitivity and specificity of 97 % and
96 %, respectively, in the diagnosis of the pres-
ence of rectovaginal endometriosis. The sonogra-
phers can identify infiltration of the rectal and
vaginal walls. The sensitivity and specificity in
the diagnosis of uterosacral ligament infiltration
are 80 % and 97 %, respectively [32].

Ultrasonography is a reliable and simple
method for the assessment of rectovaginal endo-
metriosis and provides information on location,
extension, and infiltration of the lesions, which
are important factors in selecting the appropriate
surgical route [33].

Transvaginal ultrasonography combined with
water contrast in the rectum is significantly more
accurate than transvaginal ultrasound alone in
determining the presence of endometriotic infil-
tration reaching at least the muscular layer of the
rectal wall. The sensitivity of water-contrast
transvaginal ultrasound in identifying rectal
lesions is 97 %, the specificity 100 %, the posi-
tive predictive value 100 %, and the negative pre-
dictive value 91.3 %. Water-contrast transvaginal
ultrasound is associated with a higher intensity of
pain than transvaginal ultrasound alone [34].

3D Endovaginal Ultrasound

Appearance of Rectovaginal Septum
Endometrioma

Endometriotic lesions are detected as irregular
hypoechoic structures at the level of the vaginal
wall, often infiltrating the surrounding structures.
When they infiltrate the rectal wall, fixing the
rectal tract during Valsalva maneuver or pressure
with the probe, they are interpreted as rectal
endometriosis [35] (Fig. 8.11).

8.2.9 Vaginal Seroma
and Hematoma

Vaginal hematomas may present as an emer-
gency due to vaginal trauma. Vaginal hematomas
and seromas are also a consequence of recently
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Fig. 8.11 Vaginal endometrioma. Axial view with 360°
endovaginal probe. Rectovaginal septum endometrioma
can be seen on right side. A anus, LA levator ani muscle, PS
pubic symphysis, 7"transducer, * endometrioma. © Shobeiri

developed urogynecologic techniques. Seromas
are seen in sling procedures [36] and insertion of
vaginal grafts [37] and meshes [38]. They can
develop in patients after posterior reconstruction
with biologic grafts. Although one may criticize
that hematomas are not true vaginal masses or
cysts, they deserve mention here due to their
interesting ultrasonic characteristics.

3D Endovaginal Ultrasound

Appearance of Vaginal Seroma and
Hematoma

Fluid collection can be seen as hypoechoic area
in the area of interest. They can cause vaginal or
rectal pressure. Sometimes patients present feel-
ing as if they have recurrent vaginal prolapse. An
ultrasound will reassure them that this is not the
case. Postpartum hematoma in deep layers of
levator ani muscle can be mistaken for levator ani
avulsion. Serial ultrasounds can be helpful in
evaluating hematomas and seromas. If they are
associated with signs of infection or extremely
bothersome symptoms, they will require drain-
age (Figs. 8.12 and 8.13).
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Fig. 8.12 Seroma in posterior vaginal wall around SIS
causing rectal pressure and discomfort. Axial view with
360° endovaginal probe. B bladder, T transducer, Dotted
area seroma around SIS. © Shobeiri

Fig. 8.13 Seroma in posterior vaginal wall around SIS
causing rectal pressure and discomfort. Midsagittal view
with 360° endovaginal probe. A anus, B bladder, PS pubic
symphysis, T transducer, U urethra, * seroma around SIS.
© Shobeiri

8.3  Conclusions and Key Points

3D EVUS may be utilized for the evaluation of
vaginal cysts and masses. Although this seems to
be a common sense approach to imaging, we
have not found reports of this modality in the
literature.

G. Rostaminia and S.A. Shobeiri

If the specialized ultrasound machine and
expertise is available, the ease by which 3D
EVUS can be performed in a clinical setting pro-
vides an opportunity to screen for vaginal masses
in patients more quickly than is feasible with a
CT scan or an MRI. Since the majority of these
masses are in the vaginal side wall, a traditional
2D end-fire transvaginal probe may be less use-
ful unless placed at the vaginal introitus. 3D
EVUS can change the diagnosis in patients. This
information can change the physicians proposed
surgery and the patients’ postoperative course
expectations.

The reproducibility of 3D EVUS technique
has already been published [14]. For those of us
engaged in 3D imaging, we know the minor
nuances of transducer application, but most of
the work is done with the post-processing soft-
ware that can manipulate the acquired data vol-
ume. The operator can quickly judge if the mass
is cystic or solid, located next to the labia, ure-
thra, or the rectum. The procedure takes less than
1 min to perform and can be taught proficiently.

The ability to visualize internal characteristics
of vaginal cysts and masses is important because
it can help us with management decisions. The
use of 3D EVUS for visualization of pelvic floor
structures has gained popularity [13, 39, 40]. The
physicians and the sonographers can use this
additional modality for diagnosis of more diffi-
cult problems.
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Three-Dimensional Endoanal
Ultrasonography of the
Anorectal Region

Giulio A. Santoro and Sthela Murad-Regadas

Learning Objectvies

1. To understand the 3D-ultrasonography
technique

2. To understand the normal
3D-endosonographic anatomy of the
anorectal region

3. To understand the application of
3D-ultrasonography in the assessment
of posterior compartment disorders

9.1 Introduction

Anorectal diseases require imaging for proper case
management. At present, endoanal ultrasonogra-
phy (EAUS) and endorectal ultrasonography
(ERUS) have become important parts of diagnos-
tic workup of patients with posterior compartment
disorders (fecal incontinence, obstructed defeca-
tion, posterior vaginal wall prolapse, perianal fis-
tulas, pelvic floor dyssynergy, and perianal pain)
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and provide sufficient information for clinical
decision-making in many cases [1-3]. However,
with the currently available ultrasonographic
equipment and techniques, a good deal of relevant
information may remain hidden. The advent of
high-resolution three-dimensional (3D) endolumi-
nal ultrasound, constructed from a synthesis of
standard two-dimensional cross-sectional images,
promises to revolutionize diagnosis of anorectal
disorders [4]. The anatomic structures in the pelvis,
the axial and longitudinal extension of anal sphincter
defects, the anatomy of the fistulous tract in com-
plex perianal sepsis, and the presence of anterior
rectal wall prolapse may be imaged in greater
detail. This additional information will bring an
improvement for both planning and conduct of
surgical procedures [5].

This chapter is devoted to discussing the
methods for generating and using the 3D-EAUS
and 3D-ERUS particularly with regard to the
advantages of these techniques in the diagnostic
imaging of posterior compartment disorders.

9.2  Ultrasonographic

Techniques

Endoanal US may be performed with a high-
multifrequency (9-16 MHz), 360° rotational
mechanical probe (type 2050, B-K Medical,
Herlev, Denmark) (Fig. 9.1) or a radial electronic
probe (type AR 54 AW, frequency: 5-10 MHz,
Hitachi Medical Systems, Japan) [1]. The difference
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7

Fig. 9.1 High-multifrequency (9-16MHz), 360° rota-
tional mechanical probe (type 2050, BK Medical, Herlev,
Denmark

Fig.9.2 Schematic illustration of the technique of three-
dimensional endoanal ultrasonography performed by
2050 transducer (B-K Medical)

between these two transducers is that the 3D
acquisition is freehand with the electronic trans-
ducer, whereas the mechanical transducer has an
internal automated motorized system that allows
an acquisition of 300 aligned transaxial 2D
images over a distance of 60 mm in 60 s, without
any movement of the probe within the tissue. The
set of 2D images is instantaneously reconstructed
into a high-resolution 3D image for real-time
manipulation and volume rendering (Fig. 9.2).
The 3D volume can also be archived for offline

analysis on the ultrasonographic system or on PC
with the help of dedicated software [5].

Before the probe is inserted into the anus, a
digital rectal examination should be performed.
If there is an anal stenosis, the finger can check to
determine whether it will allow easy passage of
the probe. A gel containing condom is placed
over the probe, and a thin layer of water-soluble
lubricant is placed on the exterior of the condom.
Any air interface will cause a major interference
pattern. The patient should be instructed before
the examination that no pain should be experi-
enced. Under no circumstances should force be
used to advance the probe. During examination,
the patient may be placed in the dorsal lithotomy,
in the left lateral or in the prone position.
However, irrespective of the position, the trans-
ducer should be rotated so that the anterior aspect
of the anal canal is superior (12 o’clock) on the
screen, right lateral is left (9 o’clock), left lateral
is right (3 o’clock), and posterior is inferior (6
o’clock). The length of recorded data should
extend from the upper aspect of the “U”-shaped
sling of the puborectalis (PR) to the anal verge.

9.3  Endosonographic Anatomy

of the Normal Anal Canal

On ultrasound five hypoechoic and hyperechoic

layers can be seen in the normal anal canal [6].

The ultrasonographer must have a clear under-

standing of what each of these five lines represent

anatomically (Fig. 9.3):

1. The first hyperechoic layer, from inner to
outer, corresponds to the interface of the trans-
ducer with the anal mucosal surface.

2. The second layer represents the subepithelial
tissues and appears moderately reflective. The
mucosa as well the level of dentate line is not
visualized. The muscularis submucosae ani
can be sonographically identified in the upper
part of the anal canal as a low reflective band.

3. The third hypoechoic layer corresponds to the
internal anal sphincter (IAS). The sphincter is
not completely symmetric, either in thickness
or termination. It can be traced superiorly into
the circular muscle of the rectum, extending
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Internal anal sphincter

Subepithelial tissue Longitudinal muscle

Fig. 9.3 (a) Normal ultrasonographic five-layer structure of the mid-anal canal. Axial image obtained by 2050 trans-
ducer (B-K Medical); (b) schematic representation

from the anorectal junction to approximately
1 cm below the dentate line. In older age
groups, the IAS loses its uniform low echo-
genicity, which is characteristic of smooth
muscle throughout the gut, to become more
echogenic and inhomogeneous in texture.

4. The fourth hyperechoic layer represents the
longitudinal muscle (LM). It presents a wide
variability in thickness and not always is dis-
tinctly visible along the entire anal canal. The
LM appears moderately echogenic, which is
surprising as it is mainly smooth muscle; how-
ever, an increased fibrous stroma may account
for this. In the intersphincteric space, the LM
conjoins with striated muscular fibers from the
levator ani, particularly the puboanalis, and a
large fibroelastic element derived from the
endopelvic fascia to form the “conjoined longi-
tudinal layer” (CLL) (Fig. 9.4). Its fibroelastic
component, permeating through the subcutane-

Fig. 9.4 Coronal image of the anal canal from three-
dimensional reconstruction obtained by 2050 transducer
(B-K Medical). The puboanalis (PA) joins the longitudi-
nal muscle layer (LL) of the rectum to form the conjoined
longitudinal layer (CLL)

ous part of the external anal sphincter (EAS),
terminates in the perianal skin.

. The fifth mixed echogenic layer corresponds
to the EAS. The EAS is made up of voluntary
muscle that encompasses the anal canal. It is

ligament. Anteriorly there is a division into
circular fibers and a decussation to the superfi-
cial transverse perinei; (3) the subcutaneous
part lies below the TAS.

Ultrasound imaging of the anal canal can be

divided into three levels of assessment in the

axial plane (upper, middle, and lower levels)

referring to the following anatomical structures

(Fig. 9.5) [6]:

1. Upper level: the sling of the puborectalis (PR),
the deep part of the EAS, and the complete
ring of IAS

described as having three parts: (1) the deep
part is integral with the PR. Posteriorly there
is some ligamentous attachment. Anteriorly
some fibers are circular and some decussate
into the deep transverse perinei; (2) the super-
ficial part has a very broad attachment to the
underside of the coccyx via the anococcygeal
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Fig. 9.5 (a) Three levels of
assessment of the anal canal
in the axial plane. Scan
obtained by 2050 transducer
(B-K Medical). EAS external
anal sphincter, JAS internal
anal sphincter, PR puborectalis;
(b) three-dimensional
reconstruction on the coronal
plane

Level |

Level ||

Level |

Level Il

Level Il

2. Middle level: the superficial part of the EAS
(complete ring), the CLL, the IAS (complete
ring), and the transverse perinei muscles

3. Lower level: the subcutaneous part of the EAS
The anal canal length is the distance measured

between the proximal canal, where the PR is

identified, and the lower border of the subcutane-
ous EAS. Tt is significantly longer in male than in
female, as a result of a longer EAS, whereas there
is no difference in PR length. The anterior part of
the EAS differs between genders and anatomic
studies showed that this difference is already
present in fetal age. In males, the EAS is sym-
metrical at all levels; in females, it is shorter ante-
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Level Il

riorly, and there is no evidence of anterior ring
high in the canal. In examining a female subject,
the ultrasonographic differences between the nat-
ural gaps (hypoechoic areas with smooth, regular
edges) and sphincter ruptures (mixed echo-
genicity, due to scarring, with irregular edges)
occurring at the upper anterior part of the anal
canal must be kept in mind. Three-dimensional
longitudinal images are particularly useful to
assess these anatomic characteristics of the EAS
(Fig. 9.6) [7-10]. Williams et al. [7] reported that
the anterior EAS occupied 58 % of the male anal
canal compared with 38 % of the female canal
(P<0.01). In female the PR occupied a significantly
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anterior

— -
vagina

posterior

Fig.9.6 (a) Female anal canal anatomic configuration.
Three-dimensional reconstruction on the sagittal plane
shows the asymmetrical shape of the anal canal and the
positions of anal sphincters. The anterior anal canal
(EAS and IAS) starts and ends more distally and the
posterior anal canal (PR-EAS and IAS starts) starts and

larger proportion of the canal than in male (61 %
vs. 45 %; P=0.02). There was no difference in
the length of the TAS between male and female
(34.4 vs. 33.2 mm) or the proportion of the anal
canal that it occupied (67 % vs. 73 %; P=0.12).
Normal values for sphincter dimensions differ
between techniques [6]. The importance to define
the true values of sphincter muscle thickness is
not very relevant, because the purpose of measur-
ing anal sphincters is to distinguish a normal vs.
abnormal measurement, regardless of the absolute
values. Measurement should be taken at the 3, 6,
9, and 12 o’clock positions in the midlevel of the
anal canal. The thickness of IAS varies from
1.8+£0.5 mm and increases with age owing the
presence of more fibrous tissue as the absolute
amount of muscle decreases, measuring 2.4—
2.7 mm <55 years and 2.8-3.5 mm >55 years.
Any IAS >4 mm thick should be considered
abnormal whatever the patient’s age; conversely a
sphincter of 2 mm is normal in a young patient,
but abnormal in an elderly one. The LM is
2.5+0.6 mm in males and 2.9+0.6 mm in females.
The average thickness of the EAS is 8.6+1.1 mm
in males and 7.7+1.1 mm in females. However,
endosonography largely overestimates the size of
the EAS due to its failure to recognize and separate

anterior e

posterior

ends more proximally. EAS external anal sphincter,
IAS internal anal sphincter, PR puborectalis muscle,
GAP the area in the anterior quadrant without striated
muscle, measured from the proximal edge of the poste-
rior PR to the proximal edge of the anterior EAS; (b)
render mode

the LM. Frudinger et al. [11] reported a significant
negative correlation of the EAS thickness with the
patient’s age at all anal canal levels. In particular,
the anterior EAS part was found significantly
thinner in older subjects.

Multiplanar EAUS has enabled detailed longi-
tudinal measurement of the components of the
anal canal (Figs. 9.6 and 9.7). Williams et al. [7]
reported that the anterior EAS was significantly
longer in men than women (30.1 vs. 16.9 mm;
P<0.001). There was no difference in the length
of the PR between men and women, indicating
that the gender difference in anal canal length is
solely due to the longer male EAS. The IAS did
not differ in length between males and females.
Regadas et al. [8] demonstrated the asymmetrical
shape of the anal canal and also confirmed that
the anterior EAS was significantly shorter in
female. West et al. [12] reported similar results,
with IAS and EAS volumes found larger in males
than in females.

Regardless of the absolute values of the anal
sphincter, the most relevant utility of EAUS
applies in the detection of localized sphincter
defects, where its benefit has been proved [13,
14]. It has been suggested that measuring sphinc-
ter thickness is important when EAUS cannot
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Fig. 9.7 Three-dimensional endoanal ultrasonography

performed by 2050 transducer (B-K Medical).
Measurement of the anterior length of the external sphinc-
ter in the coronal plane

depict any sphincter damage to exclude diffuse
structural sphincter changes associated with
idiopathic fecal incontinence, passive fecal
incontinence, or obstructive defecation disorders.
A postulated association between manometric
function of the sphincters and their sonographic
appearance, however, remained controversial in
the literature. Some authors have found no
correlation between muscle thickness and muscle
performance, neither resting nor squeeze pressure.
Scanning anal sphincter muscle may allow for
determination of their integrity, but not for their
morphometric properties.

9.4 Endosonographic Anatomy

of the Rectum

The normal rectum is 11-15 cm long and has a
maximum diameter of 4 cm. It is continuous with
the sigmoid colon superiorly at the level of the
third sacral segment and courses inferiorly along
the curve of the sacrum to pass through the pelvic
diaphragm and become the anal canal. It is sur-
rounded by fibrofatty tissue that contains blood
vessels, nerves, lymphatics, and small lymph
nodes. The superior one-third is covered anteriorly
and laterally by the pelvic peritoneum. The mid-
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dle one-third is only covered with peritoneum
anteriorly, where it curves anteriorly onto the
bladder in the male and onto the uterus in the
female. The lower one-third of the rectum is
below the peritoneal reflection and is related
anteriorly to the bladder base, ureters, seminal
vesicles, and prostate in the male and to the lower
uterus, cervix, and vagina in the female.

The rectal wall consists of five layers sur-
rounded by perirectal fat or serosa [15]. On
ultrasound the normal rectal wall is 2-3 mm
thick and is composed of a five-layer structure.
Good visualization depends on maintaining the
probe in the center lumen of the rectum and hav-
ing adequate distension of a water-filled latex
balloon covering the transducer to achieve good
acoustic contact with the rectal wall. It is impor-
tant to eliminate all bubbles within the balloon to
avoid artifacts that limit the overall utility of the
study. The rectum can be of varying diameters
and therefore the volume of water in the balloon
may have to be adjusted intermittently. The five
layers represent (Fig. 9.8):

1. The first hyperechoic layer: the interface of
the balloon with the rectal mucosal surface

2. The second hypoechoic layer: the mucosa and
muscularis mucosae

3. The third hyperechoic layer: the submucosa

4. The fourth hypoechoic layer: the muscularis
propria (in rare cases seen as two layers: inner
circular and outer longitudinal layer)

5. The fifth hyperechoic layer: the serosa or the
interface with the fibrofatty tissue surrounding
the rectum (mesorectum). The mesorectum
contains blood vessels, nerves, and lymphatics
and has an inhomogeneous echo pattern. Very
small, round to oval, hypoechoic lymph nodes
should be distinguished from blood vessels
which also appear as circular hypoechoic
structures.

Endorectal US allows an accurate visualiza-
tion of all pelvic organs adjacent to the rectum:
the bladder, seminal vesicles, and prostate in
male and the uterus, cervix, vagina, and urethra
in female. Intestinal loops can also easily identi-
fied as elongate structures.
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Fig. 9.8 (a) Schematic ultrasound representation of the
rectal wall (7 transducer); (b) the five layers in the axial
plane correspond to (1) acoustic interface with mucosal
surfaces, (2) mucosa, (3) submucosa, (4) muscularis pro-

9.5 Clinical Application of 3D
Endoanal/Endorectal

Ultrasound

Clinical applications of pelvic floor ultrasonogra-
phy [1] for both anatomical assessment and eval-
uation of function of posterior compartment
disorders are reported in detail below.

pria, and (5) serosa/perirectal fat interface; (c) three-
dimensional reconstruction of the rectal wall in the
coronal plane. Scans obtained by 2050 transducer (B-K
Medical)

9.5.1 Fecal Incontinence

Fecal incontinence (FI) is defined as the involun-
tary loss of feces (liquid or solid stool) and anal
incontinence is defined as the complaint of invol-
untary loss of flatus or feces [13]. A meta-analysis
revealed a rate of 11-15 % in the general population,
although it may perhaps be underestimated [16].
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Fig. 9.9 (a) Internal anal sphincter lesion between 3
o’clock and 9 o’clock position following a left lateral
internal sphincterotomy for fissure. (b) Anterior internal

Intact musculature including the PR, IAS, and
EAS are prerequisites for fecal control, as is a
functioning nerve supply to these muscles. Other
factors contributing to FI include stool consis-
tency, rectal sensitivity and capacity, and the ano-
rectal angle (ARA). Any impairment to one or
more of these factors may result in FI. Anal
sphincter defects and pudendal nerve injury can
occur during vaginal delivery and are by far the
most common causes of FI, consequently making
this problem more prevalent in women [16].

In patients with FI, therefore, it is fundamental
to establish the underlying pathophysiology in
order to choose the appropriate therapy (dietary
or medications, biofeedback, sphincter repair,
artificial bowel sphincter, graciloplasty, sacral
nerve stimulation, injection of bulking agents).
EAUS has become the gold standard for the mor-
phological assessment of the anal canal [13, 14].
It can differentiate between incontinent patients
with intact anal sphincters and those with sphinc-
ter lesions (defects, scarring, thinning, thicken-
ing, and atrophy). Tears are defined by an
interruption of the circumferential fibrillar echo
texture. Scarring is characterized by loss of nor-
mal architecture, with an area of amorphous tex-
ture that usually has low reflectivity. The operator
should identify if there is a combined lesion of
the IAS and EAS or if the lesion involves just one
muscle. The number, circumferential (radial
angle in degrees or in hours of the clock site), and

anal sphincter damage demonstrated with three-dimen-
sional reconstruction in the sagittal plane. Scans obtained
by 2050 transducer (B-K Medical)

longitudinal (proximal, distal, or full length)
extension of the defect should be also reported. In
addition, 3D EAUS allows to measure length,
thickness, area of sphincter defect in the sagittal
and coronal planes, and volume of sphincter
damage (Figs. 9.9, 9.10, 9.11, and 9.12) [5].

Using multiplanar EAUS, two scoring sys-
tems have been proposed to define the severity of
the sphincter damage. Starck et al. [17] intro-
duced a specific score, with 0 indicating no defect
and 16 corresponding to a defect >180° involving
the whole length and depth of the sphincters.
Recently, Norderval et al. [18] reported a simpli-
fied system for analyzing defects, including
fewer categories than the Starck score and not
recording partial defects of the IAS. A maximal
score of 7 denotes defects in both the EAS and
the IAS exceeding 90° in the axial plane and
involving more than half of the sphincter length.
Both systems showed good intraobserver and
interobserver agreement in classifying anal
sphincter defects.

The presence of a sphincter defect, however,
does not necessarily mean that it is the cause of
FI, as many people have sphincter lesions with-
out having symptoms of incontinence [19]. On
the other hand, patients with FI and an apparent
intact sphincter can have muscle degeneration,
atrophy, or pudendal neuropathy. EAUS has an
important role in detecting clinically occult anal
sphincter injuries after a vaginal delivery [20].
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Fig.9.10 (a) External sphincter lesion between 9 o’clock
and 1 o’clock position due to obstetric trauma. (b)
Anterior external anal sphincter damage demonstrated

with three-dimensional reconstruction in the coronal
plane. Scans obtained by 2050 transducer (B-K Medical)

Fig.9.11 (a) Fourth-degree anal sphincter lesion due to
obstetric trauma. (b) Three-dimensional reconstruction
demonstrates the combined anterior damage of the inter-

In a meta-analysis of 717 vaginal deliveries,
Oberwalder et al. [21] found an incidence of
occult sphincter damage of 26.9 % among a sam-
ple of 462 primiparous women and a rate of
8.5 % new defects in the group of 255 multiparas.
In one-third of these (29.7 %), postpartum
sphincter damage was symptomatic. As shown in
this meta-analysis, the probability that postpar-
tum FI will be associated with anal sphincter
defect is 77-83 %. This analysis included five
studies where EAUS was the only imaging tech-
nique used. In another study, Oberwalder et al.
[22] reported that FI related to sphincter lesions
is likely to occur even in an elderly population of
women who experienced vaginal deliveries ear-
lier in life. They found that 71 % of women with

nal and external anal sphincters in the coronal and axial
planes. Scans obtained by 2050 transducer (B-K
Medical)

late-onset FI (median age 61.5 years) had occult
sphincter defects on EAUS.

Ultrasonographic imaging is useful to evalu-
ate the result of treatments. Starck et al. [23]
reported that the extent of endosonographic EAS
defects after primary repair of obstetric sphincter
tears increased over time and was related to FIL.
Scheer et al. [24] have demonstrated the value of
EAUS and manometry in counselling women
who previously sustained obstetric tears. Based
on specific selection criteria, the majority of
women delivered vaginally without deterioration
in anal sphincter morphology and function or
quality of life. Savoye-Collet et al. [25] noted
improvement in FI in 86 % of patients in whom
EAUS documented closure of the EAS defect
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Fig. 9.12 External
dimensional reconstruction in the coronal plane demonstrates
a short anterior length (6.6 mm) of the external sphincter.
Scans obtained by 2050 transducer (B-K Medical)

anal sphincter atrophy. Three-

after anterior sphincter repair. In contrast, patients
who had a persistent defect in the EAS still had
significant FI. Dobben et al. [26] also found that
patients with a persistent ultrasonographic EAS
defect had a worse clinical outcome than those
without an EAS defect.

Using 3D-EAUS, de la Portilla et al. [27]
demonstrated that all the implants of silicone to
treat FI were properly located in the intersphinc-
teric space 3 months after injection. At 24
months, 75 % of implants were still properly
located. They found that the continence deterio-
ration suffered by most patients after the first
year from the injection was not related to the
localization and number of implants the patient
had (Fig. 9.13).

9.5.2 Obstructed Defecation
and Posterior Vaginal Wall
Prolapse

Anorectal outlet obstruction, also known as
obstruction defecation syndrome (ODS), is a
pathological condition due to a variety of causes
and is characterized by an impaired expulsion of
the bolus after calling to defecate [13]. Patients
complain of different symptoms, including
incomplete evacuation with or without painful
effort, unsuccessful attempts with long periods
spent in bathroom, return visit to the toilette, use
of perineal support, manual assistance (insertion
of finger into the vagina or anal canal), straining,

after

Fig. 9.13 Failure
Postoperative assessment with endoanal ultrasound dem-
onstrated that the agent was positioned outside the exter-
nal sphincter and not in the intersphincteric space. Scans
obtained by 2050 transducer (B-K Medical)

bulking agent injection.

and dependence on enema and/or laxatives.
Other symptoms are pain at defecation; extreme
straining to defecate; extended time at the toilet;
perineal pain/discomfort when standing; feeling
of incomplete evacuation; fragmented defeca-
tion; vaginal, perineal, or rectal digitation; use of
laxatives or enemas; and fecal incontinence [13].
These symptoms often lead to a poor quality of
life. Prevalence of the entire spectrum of consti-
pation, of which ODS is part, accounts for 14.7 %
in the US adult population while the true preva-
lence of ODS among the population is not known
even if the feeling is that it is underestimated.
After ruling out pelvic and rectal tumor, the
main distinction in the pathogenesis of ODS is
between functional and mechanical causes.
Failure to release the anal sphincters or paradox-
ical contraction of the PR muscle are considered
the main and most frequent functional causes of
ODS. In these patients, biofeedback can achieve
reactivation of the inhibitory capacity of all pel-
vic floor muscles involved in defecation, with an
improvement in symptoms of 50 %. The most
relevant mechanical causes of ODS are recto-
cele, rectal intussusception, enterocele, genital
prolapse, and descending perineum. It is fun-
damental to distinguish between rectal causes
(rectocele and intussusception) and extrarectal
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causes (enterocele, and
descending perineum).

In recent years, alternatives to defecography,
such as dynamic MRI and dynamic ultrasonogra-
phy, have been developed for the evaluation of
pelvic floor dysfunctions, with good correlation
and the advantage of showing the entire pelvis
[28-38]. Studies using dynamic ultrasound with
different types of transducers (convex, endfire,
biplanar probes) and different techniques (trans-
labial, transperineal, introital ultrasound) have
produced findings consistent with defecography to
assess patients with ODS [31-38]. Murad-
Regadas et al. [35-38] developed echodefecogra-
phy, a 3D dynamic anorectal ultrasonography
technique using a 360° transducer, automatic scan-
ning, and high frequencies for high-resolution
images to evaluate evacuation disorders affecting
the posterior compartment (rectocele, intussuscep-
tion, anismus) and the middle compartment (grade
IT or IIT sigmoidocele/enterocele). The standard-
ization of the technique, parameters, and values
of echodefecography makes the method repro-
ducible [36-38]. Echodefecography was shown to
correlate well with conventional defecography
and was validated in a prospective multicenter
study [36-38].

Echodefecography is performed with a 3D
ultrasound device (Pro-Focus, endoprobe model
2052, B-K Medical®, Herlev, Denmark) with
proximal-to-distal 6.0 cm automatic scans. By
moving two crystals on the extremity of the trans-
ducer, axial and longitudinal images were merged
into a single cube image, recorded and analyzed
in multiple planes.

Following rectal enema, patients are examined
in the left lateral position. Images are acquired by
four automatic scans and analyzed in the axial, sag-
ittal, and, if necessary, in the oblique plane. The
result of the exam depends on the degree of coop-
eration obtained from the patient: scans 1, 2, and 4
use a slice width of 0.25 mm and last 50 s each;
scan 3 lasts 30 s with a slice width of 0.35 mm:
Scan 1 (at rest position without gel): the trans-

ducer is positioned at 5.0-6.0 cm from the

anal margin. It is performed to visualize the
anatomic integrity of the anal sphincter
musculature and to evaluate the position of the

PR muscles and the EAS at rest. The angle

genital prolapse,

formed between a line traced along the inter-
nal border of the EAS/PR muscles (1.5 cm)
and a line traced perpendicular to the axis of
the anal canal is measured.

Scan 2 (at rest-straining-at rest without gel): the
transducer is positioned at 6.0 cm from the
anal verge. The patient is requested to rest
during the first 15 s, strain maximally for 20 s,
and then relax again, with the transducer fol-
lowing the movement. The purpose of the
scan is to evaluate the movement of the PR
and the EAS during straining, identifying nor-
mal relaxation, non-relaxation, or paradoxical
contraction (anismus). The resulting EAS/PR
muscle positions (represented by the angle
size) are compared between scans 1 and 2.
Normal relaxation is recorded if the angle
increased by a minimum of 1°, whereas para-
doxical contraction (anismus) is recorded if
the angle decreased by a minimum of 1°. Non-
relaxation is recorded if the angle changed
less than 1° (Figs. 9.14 and 9.15).

Scan 3: the transducer is positioned proximally
to the PR (anorectal junction). The scan
started with the patient at rest (3.0 s), fol-
lowed by maximum straining with the trans-
ducer in fixed position (the transducer does
not follow the descending muscles of the
pelvic floor). When the PR became visible
distally, the scan is stopped. Perineal descent
is quantified by measuring the distance
between the position of the proximal border
of the PR at rest and the point to which it had
been displaced by maximum straining (PR
descent). Straining time is directly propor-
tional to the distance of perineal descent
(Fig. 9.16). Even with patients in the lateral
position, the displacement of the PR is easily
visualized and quantified. On echodefecog-
raphy, normal perineal descent during strain-
ing was defined as a difference in PR position
of <2.5 cm and perineal descent >2.5 cm.
The normal range values were established by
comparing echodefecography findings with
defecography

Scan 4: following injection of 120—180 mL ultra-
sound gel into the rectal ampulla, the transducer
is positioned at 7.0 cm from the anal verge. The
scanning sequence is the same as in Scan 2 (at
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Fig.9.14 (a) Angle measured at rest position in the sagit-
tal plane (lines); (b) increased angle (normal relaxation)
during straining (/ines). EAS external anal sphincter, /AS

—————

anterior

st

Fig.9.15 (a) Angle measured at rest position in the sag-
ittal plane (/ines); (b) decreased angle (anismus) during
straining (/ines). EAS external anal sphincter, /AS internal
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internal anal sphincter, PR puborectalis. Scans obtained
by 2050 transducer (B-K Medical)
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straining
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anal sphincter, PR puborectalis. Scans obtained by 2050

transducer (B-K Medical)
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Fig.9.16 Puborectal descent (PD) measured in the sagittal plane. (a) Normal perineal descent <2.5 cm; (b) pathologic
perineal descent >2.5 cm. PR puborectalis. Scans obtained by 2050 transducer (B-K Medical)

rest, 15 s; strain maximally, 20 s; then relax
again, with the transducer following the move-
ment). The purpose of the scan is to visualize
and quantify all anatomical structures and
functional changes associated with voiding
(rectocele, intussusception, grade II or III sig-
moidocele/enterocele). In normal patients, the
posterior vaginal wall displaces the lower rec-
tum and upper anal canal inferiorly and posteri-
orly but maintains a straight horizontal position
during defecatory effort. If rectocele is identi-
fied, it is classified as grade I (<6.0 mm), grade
I (6.0-13.0 mm), or grade III (>13.0 mm)
(Fig. 9.17). Measurements are calculated by
first drawing two parallel horizontal lines along
the posterior vaginal wall, with one line placed
in the initial straining position and the other
line drawn at the point of maximal straining.
The distance between the two vaginal wall
positions determined the size of the rectocele.

Intussusception is clearly identified by observing

the rectal wall layers protruding through the

rectal lumen. No classification is used to quan-

tify intussusceptions (Fig. 9.18). Grade II or III

sigmoidocele/enterocele is recognized when

the bowel is positioned below the pubococcy-
geal line (on the projection of the lower rectum
and upper anal canal).

Dynamic ultrasound scanning is a helpful
tool in the evaluation of patients with obstructed
defecation as it clearly shows the anatomical
structures and mechanisms involved in defeca-
tion. It also demonstrates the anal canal anatomi-
cal integrity and is able to detect sphincter injury
with high spatial resolution. In addition, the
cube image acquired during the automatic scan
is recorded in real time for subsequent analysis
as may be necessary in many cases. It is quick,
inexpensive, and well tolerated by patients with-
out exposure to radiation.
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Fig.9.17 (a) Patient without rectocele (arrows). Sagittal
plane. Using gel in the rectum; (b) grade III rectocele
(arrows). EAS external anal sphincter, /AS internal anal
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sphincter, PR puborectalis. Scans obtained by 2050 trans-
ducer (B-K Medical)
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Fig. 9.18 (a) Anterior intussusception (arrows). Axial plane. Using gel into the rectum; (b) grade III rectocele and
anterior intussusceptions (arrows). Sagittal with coronal plane. Scans obtained by 2050 transducer (B-K Medical)
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9.5.3 Perianal Abscesses
and Fistulas

The pathogenesis of anorectal abscesses and fis-

tulae is generally attributed to an infection of the

anal glands, usually located in the subepithelial
position, the intersphincteric space, or the exter-
nal sphincter, with ducts that enter at the base of
the anal crypts of Morgagni at the dentate line
level [39]. Infection of the glands can result in an
abscess which can spread in a number of direc-
tions, usually along the path of least resistance,
and can lead to the subsequent development of
anal fistula.

Five presentations of anorectal abscess have

been described [39]:

1. Perianal abscess, which is the most common
type of anorectal abscess, occurring in
40-45 % of cases and is identified as a
superficial, tender mass outside the anal
verge. Physical examination reveals an area
of erythema, induration, or fluctuance, and
anoscopic examination can demonstrate pus
exuding at the base of a crypt.

2. Submucosal abscess, which arises from an
infected crypt in the anal canal and is located
under the mucosa. Rectal examination may
reveal a tender submucosal mass, which may
not be readily apparent by anoscopy.

3. Intersphincteric abscess, which represents
between 2 and 5 % of anorectal abscesses. In
this condition, the infection dissects in the
intersphincteric plane and can spread cepha-
lad (high type) or caudal (low type).

4. Ischioanal abscess, which is seen in 20-25 %
of patients and may present as a large, ery-
thematous, indurated, tender mass of the but-
tock or may be virtually inapparent, the patient
complaining only of severe pain or fever.

5. Supralevator and pelvirectal abscesses, which
are relatively rare, comprising less than 2.5 % of
anorectal abscesses. They may occur as a cephalad
extension of an intersphincteric or trans-
sphincteric abscess or may be associated with a
pelvic inflammatory condition (Crohn’s disease,
diverticulitis, salpingitis) or pelvic surgery.
Anorectal fistula represents a communication

between two epithelial surfaces: the perianal skin
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and the anal canal or rectal mucosa [39]. Any

fistula is characterized by an internal opening, a

primary tract, and an external or perineal opening.

Occasionally the primary tract can present a

secondary extension, or a fistula is without a

perineal opening.

Parks et al. [39] classified the main tract of the
fistula in relation to the sphincters into four types:
1. Intersphincteric tract (incidence between 55

and 70 %). An intersphincteric fistula passes

through the internal sphincter and through the
intersphincteric plane to the skin. Only the
most superficial portions of the tract pass
through the subcutaneous external sphincter.

Secondary extension may be observed to pro-

ceed cephalad in the intersphincteric plane

(high blind tract).

2. Transsphincteric tract (incidence between 55
and 70 %). A transsphincteric fistula passes
through both the internal and external sphinc-
ters, into the ischioanal fossa, and to the skin.
The level of the tract determines three types of
transsphincteric fistula: high (traversing the
upper two-thirds of the external sphincter), mid,
or low. The height of the internal opening, how-
ever, does not always reflect the level at which a
transsphincteric fistula crosses the EAS [40].

3. Suprasphincteric tract (incidence between 1
and 3 %). A suprasphincteric fistula courses
above the puborectalis muscle and below the
levator after initially passing cephalad as an
intersphincteric fistula. It then transverses
downward through the ischioanal fossa to
the skin.

4. Extrasphincteric tract (incidence between 2
and 3 %). An extrasphincteric fistula is
described by a direct communication between
the perineum and rectum with no anal canal
involvement.

Submucosal fistulae are those in which the
tract is subsphincteric and does not involve or
pass the sphincter complex. Anovaginal fistulae
have an extension toward the vaginal introitus.
Secondary tracks may develop in any part of the
anal canal or may extend circumferentially in the
intersphincteric, ischioanal, or supralevator
spaces (horseshoe extensions). The term “complex”
fistula is a modification of the Parks’ classification,
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which describes fistulae whose treatment poses a
higher risk for impairment of continence.
According to the American Society of Colon and
Rectal Surgeons (ASCRS) classification, an anal
fistula may be termed “complex” when the tract
crosses more than 30-50 % of the external
sphincter (high transsphincteric, suprasphinc-
teric, and extrasphincteric), is anterior in a
female, has multiple tracts, and is recurrent, or
the patient has preexisting incontinence, local
irradiation, or Crohn’s disease.

The configuration of perianal sepsis and the
relationship of abscesses or fistulae with internal
and external sphincters are the most important
factors influencing the results of surgical man-
agement. Preoperative identification of all locu-
late purulent areas and definition of the anatomy
of the primary fistulous tract, secondary exten-
sions, and internal opening play an important role
in adequately planning the operative approach in
order to ensure complete drainage of abscesses,
to prevent early recurrence after surgical treat-
ment, and to minimize iatrogenic damage of
sphincters and the risk of minor or major degrees
of incontinence.

EAUS has been demonstrated to be a very
helpful diagnostic tool in accurately assessing all
fistula or abscess characteristics. It can be easily
repeated while following patients with perianal
sepsis to choose the optimal timing and modality
of surgical treatment, to evaluate the integrity of or
damage to sphincters after operation, and to iden-
tify recurrence of fistula. It also gives information
about the state of the anal sphincters, which is
valuable in performing successful fistula surgery.
A fistula tract affecting minimal muscle can be
safely excised, but where the bulk of external
sphincter muscle is affected, it is best treated by
seton drainage or mucosal advancement flap.

The ultrasound examination is generally
started using 10-13 MHz, changing to 7 or
5 MHz to optimize visualization of the deeper
structures external to the anal sphincters. The PR
muscle, and EAS, CLL, and IAS should always
be identified and used as reference structures for
the spatial orientation of the fistula or abscess. An
anal abscess appears as a hypoechoic dyshomoge-
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Fig. 9.19 Three-dimensional endoanal ultrasound with
2050 transducer (B-K Medical). Acute abscess in the left
anterior perianal space presenting as an area of low
reflectivity

Fig. 9.20 Three-dimensional endoanal ultrasound with
2050 transducer (B-K Medical). Acute abscess in the right
supralevator space

neous area, sometimes with hyperechoic spots
within it, possibly in connection with a fistulous
tract directed through the anal canal lumen.
Abscesses are classified as superficial, inter-
sphincteric, ischioanal, supralevator, pelvirectal,
and horseshoe (Figs. 9.19 and 9.20).

An anal fistula appears as a hypoechoic tract,
which is followed along its crossing of the sub-
epithelium, internal or external sphincters, and
through the perianal spaces. With regard to the
anal sphincters, according to Parks’ classification
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Fig. 9.21 Three-dimensional endoanal ultrasound with
2050 probe (B-K Medical). (a) A hypoechoic area is pres-
ent in the left intersphincteric space (3 o’clock). (b)
Reconstruction in the coronal plane confirms an inter-

[39], the fistulous primary tract can be classified
into four types:
(a) Intersphincteric tract, which is presented as a
band of poor reflectivity within the longitudi-
nal layer, causing widening and distortion of
an otherwise narrow intersphincteric plane.
The tract goes through the intersphincteric
space without traversing the external sphinc-
ter fibers (Fig. 9.21).
Transsphincteric tract, appearing as a poorly
reflective tract running out through the exter-
nal sphincter and disrupting its normal archi-
tecture. The point at which the main tract of
the fistula traverses the sphincters defines the
fistula level. The transsphincteric fistulae are
divided into high, medium, or low, corre-
sponding to the ultrasound level of the anal
canal [40]. The low transsphincteric tract
traverses only the distal external sphincter
third at the lower portion of the medium anal
canal. Medium transsphincteric tract traverses
both sphincters, external and internal, in the
middle part of the medium anal canal. High
transsphincteric tract traverses both sphincters
in the higher part of the medium anal canal, in
the space below the puborectalis (Fig. 9.22).
(¢) Suprasphincteric tract, which goes above or
through the PR level. It can be very difficult

(b)

sphincteric tract, appearing as a band of poor reflectivity.
The tract extends through the intersphincteric space with-
out traversing the external anal sphincter

to determine a suprasphincteric extension
because EAUS is not able to visualize the
precise position of the levator plate that lies
in the same plane as the ultrasound beam.
Extrasphincteric tract, which may be seen
close to but more laterally placed around the
external sphincter.
Differentiation between granulated tracts and
scars is sometimes difficult. Straight tracts are
easily identified, but smaller and oblique tracts
are more difficult to image. Secondary tracts,
when present, are related to the main one and are
classified as intersphincteric, transsphincteric,
suprasphincteric, or extrasphincteric. Similarly,
horseshoe tracts, when identified, are categorized
as intersphincteric,  suprasphincteric,  or
extrasphincteric. The exact location (radial site
and anal canal level) of the internal opening can
be difficult to define, as the dentate line cannot be
identified as a discrete anatomical entity on
EAUS. It is assumed to lie at approximately mid-
anal canal level, which is midway between the
superior border of the PR muscle and the most
caudal extent of the subcutaneous EAS.
According to this, the site of the internal opening
is categorized as being above, at, or below the
dentate line or in the rectal ampulla. In addition,
the site can also be characterized by the clock

(d)
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Fig. 9.22 Three-dimensional endoanal ultrasound with
2050 probe (B-K Medical). (a) A hypoechoic tract is tra-
versing posteriorly the external anal sphincter. (b)

position, being classified from 1 o’clock to 12
o’clock. The internal opening can be identified as
hypoechoic (when acute inflammation is present)
or hyperechoic area (when chronically inflamed).

Initial experiences with EAUS reported a
good accuracy for the selective identification of
fistula (91.7 %) and abscess (75 %) configura-
tions. However, a significant number of the inter-
nal openings (33.3 %) were not detected [41].
Worse results in the identification of the internal
opening were reported by Poen et al. [42] (5.3 %
accuracy) and Deen et al. [43] (11 % accuracy).
The most probable reason for the poor results in
the identification of internal openings by EAUS
is the ultrasonographic criteria used. Seow-
Choen et al. [44] described revised ultrasono-
graphic criteria for identifying an internal
opening, which included one or more of the fol-
lowing features: a hypoechoic breach of the sub-
epithelial layer of the anorectum, a defect in the
circular muscles of the IAS, and a hypoechoic
lesion of the normally hyperechoic longitudinal
muscle abutting on the normally hypoechoic cir-
cular smooth muscle. In spite of the improvement
in accuracy (73 %) in identifying the internal
openings, they found no significant difference
between EAUS and digital examination. Cho
[45] proposed the following endosonographic
criteria to define the site of the internal opening:

Reconstruction in the sagittal plane confirms a posterior
transsphincteric fistula

Criteria 1. An appearance of a rootlike budding
formed by the intersphincteric tract, which con-
tacts the internal sphincter; Criteria 2. An appear-
ance of a rootlike budding with an internal
sphincter defect; and Criteria 3. A subepithelial
breach connected to the intersphincteric tract
through an internal sphincter defect. Using a
combination of these three criteria, the author
reported 94 % sensitivity, 87 % specificity, and
81 % and 96 % positive and negative predictive
values, respectively.

The majority of problems while investigating
primary tracts with EAUS occur because of the
structural alterations of the anal canal and peri-
anal muscles and tissues, which can overstage the
fistula, or poor definition of the tract when filled
with inflammatory tissue, which can downstage
the fistula [46]. The disappointing results of
EAUS in diagnosing the extrasphincteric fistulae
could be due to the echogenicity of the fistulae,
especially those with a narrow lumen, which is
practically identical to the fat tissue in the ischio-
anal fossa, and to the short focal length of the
transducer, which prevents imaging of fistula that
are located at large distance from the anal canal.
For this reason, performing ultrasonography after
injecting 1.0-2.0 mL of 3 % hydrogen peroxide
(HPUS) through the external opening of the
fistula appears to be particularly useful [46].
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Fig. 9.23 Three-dimensional endoanal ultrasound with 2050 probe (B-K Medical). (a) After injection of hydrogen
peroxide, the fistulous tract appears hyperechoic. (b) Reconstruction in the coronal plane

This technique allows identification of tracts
whose presence has not been definitively estab-
lished or distinction of an active fistulous tract
from postsurgical or post-trauma scar tissue
(Fig. 9.23). Gas is a strong ultrasound reflector,
and after injection, fistula tracts become hyper-
echoic and the internal opening is identified as an
echogenic breach at the submucosa. Because the
injected hydrogen peroxide often results in bub-
bling into the anal canal, which then acts as a bar-
rier to the ultrasound wave, injection should be
performed in two phases: an initial injection of a
small amount of hydrogen peroxide and a further
injection at a greater pressure. A disadvantage
inherent to hydrogen peroxide injection is the
very strong reflection that occurs at a gas/tissue
interface, which blanks out any detail deep to this
interface. The bubbles produced by hydrogen
peroxide induce acoustic shadowing deep to the
tract, so all information deep to the inner surface
of the tract is lost. The reported diagnostic accu-
racy of HPUS ranges from 71 to 95 % for pri-
mary tracts and from 63 to 96.1 % for secondary
tracts, while that of standard EAUS ranges from
50 to 91.7 % for the primary tract and from 60 to
68 % for secondary tracts [47, 48]. The highest
concordance is usually reported for primary
transsphincteric fistulae, while the major diag-
nostic difficulty is still the adequate identification

of primary supra- and extrasphincteric fistulae.
Injection can also contribute to a more accurate
identification of the internal opening (HPUS
accuracy ranging from 48 to 96.6 % vs. EAUS
accuracy ranging from 5.3 to 93.5 %) [49].

The availability of 3D imaging has further
improved the accuracy of EAUS [5]. With this
technique, the operator can follow the pathway of
the fistulous tract along all the desired planes
(axial, coronal, sagittal, oblique). In addition,
volume render mode can facilitate depiction of a
tortuous fistula tract after hydrogen peroxide
injection, due to the transparency and depth
information [5]. Buchanan et al. [50] reported a
good accuracy of 3D-EAUS in detecting primary
tracts (81 %), secondary tracts (68 %), and inter-
nal openings (90 %) in 19 patients with recurrent
or complex fistulae. The addition of hydrogen
peroxide (3D-HPUS) did not improve these fea-
tures (accuracies of 71 %, 63 %, and 86 %,
respectively). Using 3D imaging, Ratto et al. [48]
reported an accuracy of 98.5 % for primary tracts,
98.5 % for secondary tracts, and 96.4 % for inter-
nal openings, compared with 89.4 %, 83.3 %, and
87.9 %, respectively, when the 2D system was
used. Our experience [49] on 57 patients with
perianal fistulae confirmed that 3D reconstruc-
tions improved the accuracy of EAUS in the iden-
tification of internal opening compared to



182

G.A. Santoro and S. Murad-Regadas

2D-EAUS (89.5 % vs. 66.7 %; P=0.0033).
Primary tracts, secondary tracts, and abscesses
were similarly evaluated by both procedures.

Anal endosonography has some clear advan-
tages related to the fact that it is relatively cheap
and simple to perform, it is rapid and well toler-
ated by patients and, unlike MRI, can be per-
formed easily in the outpatient clinic or even on
the ward since the machines are easily portable. It
is vastly superior to digital examination and is
therefore well worth performing. The major
advantage of MRI over EAUS is the facility with
which it can image extensions that would other-
wise be missed since they can travel several cen-
timeters from the primary tract. It is especially
important to search for supralevator extensions,
since these are not only difficult to detect but
pose specific difficulties with treatment. Complex
extensions are especially common in patients
with recurrent fistulae or those who have Crohn’s
disease. It should also be borne in mind that MRI
and EAUS provide complementary and additive
information, and there are no disadvantages to
performing both procedures in the same patient
where local circumstances, availability, and eco-
nomics allow this.
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Learning Objectvies

1. To understand the role of
3D-ultrasonography in the assessment
of endometriosis

2. To understand the role of

3D-ultrasonography in the assessment
of anorectal cysts

3. To understand the role of
3D-ultrasonography in the assessment
of anorectal masses

10.1 Introduction

Anorectal cysts, endometriosis of the rectovagi-
nal septum, and non-mucosal rectal lesions (rare
neoplasias of the muscularis propria, connective
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tissues, and vascular structures) require imaging
for proper case management. At present, endo-
vaginal ultrasonography and magnetic resonance
have become important parts of diagnostic
workup of these lesions. This chapter is devoted
to discussing the emerging role of three-
dimensional endoanal (3D-EAUS) and endorec-
tal (3D-ERUS) ultrasonography particularly with
regard to the advantages of these techniques in
evaluating the invasion of the rectal layers and
adjacent organs.

10.2 Endometriosis

Endometriosis is defined by the presence of
endometrial glands and stroma outside the endo-
metrial cavity and the myometrium. The most
common locations of the ectopic endometriotic
implants are found in the pelvis (ovaries and pel-
vic peritoneum) and followed by deep infiltra-
tion sites (uterosacral ligaments, rectosigmoid
colon, vagina, and bladder). Imaging techniques
have been recommended for the diagnosis and
identification of the lesion location [1, 2]. Several
reports have demonstrated the accuracy of ultra-
sonography, performed with different modali-
ties, for the diagnosis of deep infiltrating
endometriosis [3-6].

Anorectal ultrasound scanning provides the
most detailed view of endometriosis infiltration
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Fig. 10.1 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical).
Endometriosis lesion infiltrating the perirectal fat. The
rectal layers are intact. (a) Axial plane, (b) coronal with

rectum
balloon

Fig. 10.2 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Endometriosis
lesion in the anterior quadrant infiltrating the rectal wall as
far as the muscular propria (arrows). (a) Axial plane.
Heterogeneous hypoechoic image compromising 20 % of

in the rectum and mesorectal fat. The three-
dimensional mode makes it possible to deter-
mine the exact circumferential and longitudinal
extension of the infiltration into rectal wall or
adjacent tissues and the distance between the
distal infiltration edge and the proximal edge of
the sphincter anal muscles [7], thus providing

;‘?.rtifact \1

.__*1:

rectum

axial plane. Two heterogeneous hypoechoic images in the
left lateral quadrant compromising the perirectal fat
(arrows). Mucus in the rectal lumen, outside the lesion
site (artifacts)

Endometriosis
length— |

: .:]. —
1L Anal canal
|le s

rectum
_distance | ___

rectal circumference (arrows). (b) Sagittal plane. The length
of the endometriosis lesion and the distance between the
distal infiltration edge and the proximal edge of the sphinc-
ter muscles (posterior quadrant) (arrows). IAS internal anal
sphincter, PR puborectalis muscle

crucial information for the choice of therapeutic
approach. Lesions appear as heterogeneous
hypoechoic images mostly located in the recto-
vaginal septum, in the mesorectal fat or serosa,
and infiltrating into the muscular propria or sub-
mucosa layers (Figs. 10.l1a, b, 10.2a, b, and
10.3a, b).
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Fig. 10.3 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical).
Endometriosis lesion in the right anterior quadrant infil-
trating the rectal wall as far as the muscular propria. (a)
Axial plane. Heterogeneous hypoechoic image compro-
mising 30 % of rectal circumference (arrows). (b) Sagittal

10.3 Presacral Neoplasia

Perirectal neoplasia is most often located in the
retrorectal space and may be of varied etiology.
Half the cases are congenital and two thirds are
cystic in nature [8, 9]. It tends to affect young
female adults but is uncommon in infants.
Teratoma is the most frequently observed form in
pediatric patients and contains fat or calcifica-
tions in 50 % of cases [9, 10].

A wide variety of cystic lesions occur in the
retrorectal space, and most are congenital. They
are classified as epidermoid cysts, dermoid
cysts, enteric cysts (tailgut cysts and cystic rec-
tal duplication), and neurenteric cysts accord-
ing to their origin and histopathologic features
[11]. Anorectal ultrasound may show specific
signs and characteristics of the lesion (anechoic
area with circular or oval shape, regular margin,
and with reinforcement of posterior wall)
but the diagnosis remains histopathologic.
Ultrasonographic imaging is useful in the eval-
uation of size, type of lesion (mixed cystic and
solid components), and relation with the rectal

b=~

Anal canal

"

length

"?S distance |

Endometriosis T;"! '
B

rectum

plane. The length of the endometriosis lesion and the dis-
tance between the distal infiltration edge and the proximal
edge of the sphincter muscles (posterior quadrant)
(arrows). Mucus in the rectal lumen, outside the lesion
site (artifacts). JAS internal anal sphincter, PR puborecta-
lis muscle

wall and the sphincter muscles (Figs. 10.4a, b
and 10.5a—c).

Perirectal neoplasia appears with different
characteristics: as a unilocular or multilocular
retrorectal lesion, sometimes a hypoechoic area
(cystic) or as an area of mixed echogenicity/het-
erogeneous image, due to mucoid material or
inflammatory debris or solid component, usually
with regular outline and not adhering to the rectal
wall. In large lesion, an anorectal displacement or
stenosis may be visualized due to extrinsic com-
pression. It is important to define the rectal wall
invasion or a communication between the cyst
and the anorectal lumen (Fig. 10.6a—c).

10.4 Rare Tumors

10.4.1 Rectal Leiomyoma
and Leiomyosarcoma

Leiomyoma is a benign mesenchymal neoplasm
that usually develops where smooth muscle is
present. This lesion is rare, except in the esophagus



S. Murad-Regadas and G.A. Santoro

Fig. 10.4 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Female
patient. Presacral developmental cyst. The lesion appears
as a well-circumscribed, hypoechoic area with posterior

and rectum. Only 3 % of these smooth muscle
tumors arising from colon are gastrointestinal leio-
myomas and constitute about 0.1 % of rectal
tumors [12, 13]. In the rectum, most leiomyomas
present as small intraluminal polyps and are lim-
ited to the muscularis mucosa. Although there are
reports of anorectal leiomyomas [14], definitive
diagnosis requires anatomical and pathological
examination (immunohistochemical staining).
Leiomyomas are positive for actin and desmin and
negative for CD34 and CD117 [13, 15].
Endorectal ultrasound scanning shows the exact
extent of the lesion and relationship with the ana-
tomical structures. Leiomyoma appears as a well-
defined, homogeneous hypoechoic mass arising
within and confined to the muscularis propria and
without invasion of adjacent layers (Fig. 10.7a, b).
Leiomyosarcomas are malignant soft tissue
neoplasms arising from smooth muscle tissue
located within the muscularis propria and
blood or lymphatic vessels. Histologically,
leiomyosarcoma features spindle cells with
elongated, blunt-ended nuclei in an eosinophilic
cytoplasm.  Immunohistochemically, these
tumors are positive for vimentin, actin, smooth
muscle myosin, and desmin. These lesions

reinforcement. The layers of the rectal wall are preserved.
(a) Axial plane. (b) Sagittal plane. Lesion size (longitudi-
nal length and the depth)

rarely metastasize through lymphatics and are
more likely to spread through the lungs and liver
through hematogenous spread.

10.4.2 Gastrointestinal Stromal
Tumors

Gastrointestinal stromal tumors (GIST) are the
most common mesenchymal tumors of the GI
tract but they represent fewer than 1 % of all
gastrointestinal (GI) tumors [16]. GIST can
occur anywhere along the GI tract, but most often
are found in the stomach (60 %) or small intes-
tine (30 %), following rectum (3 %), colon
(1-2 %), esophagus (<1 %), and omentum/
mesentery (rare) [17].

The clinical presentation and diagnostic of
patients with GIST depend on the anatomic loca-
tion of the lesion and the size and aggressiveness.
Small GIST may form solid subserosal, intramu-
ral, or less frequently, polypoid intraluminal
masses. Large tumors tend to form external
masses attached to the outer aspect of the gut
involving the muscular layers [18]. The evalua-
tion includes imaging and/or endoscopy but the
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Fig. 10.5 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Female
patient. Presacral cystic lesion located at the level of
lower rectum with regular outline and without adherence
to the rectal wall (arrows). The rectal wall is intact. (a, b)

pathology and molecular genetics studies are
required. Approximately 95 % of GISTs are posi-
tive for the CD117 antigen [18].

Anorectal ultrasound scanning provides the
most detailed view of lesion and the relationship
with the anatomical structures, including perirectal,

bladder

o

£ 9 :-._‘-v-"\

- s
vagina

Rectal
Jwall

Axial plane. Mixed echogenicity lesion (arrows). (c)
Sagittal with diagonal planes. A well-circumscribed
(hyperechogenic line that surrounds the lesion) and uni-
locular cystic lesion. Lesion size (longitudinal length
and the depth)

perianal tissues, anal canal muscles, perirectal
wall, and adjacent organs. On ERUS, GIST
appears as a well-defined round, homogeneous
hypoechoic mass arising from the muscularis
propria with an overlying intact mucosa
(Fig. 10.8a—c).
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bladder <.

Fig. 10.6 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Female
patient. Cystic lesion in the presacral space at the level of
lower rectum. There is a contiguous (communication)
area with rectal wall. (a) Axial plane. In this position, the
lesion appears with mixed echogenicity, with regular out-
line and without adherence to the rectal wall (arrows).

bladder

communication
with rectal wall

bladder

communication
with rectal wall
: I
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¥

The rectal wall is intact. (b) Axial plane. The image shows
the area of the cystic lesion, which communicates with the
rectal wall (interrupted arrows). (¢) Sagittal plane. The
hyperechogenic line that surrounds the lesion (arrows) is
interrupted (small area) and there is a communication
with rectal wall (interrupted arrows). Lesion size (longi-
tudinal length and the depth)
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-vagina

muscularis
propria

Fig. 10.7 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Small leio-
myoma located at the level of the anorectal junction in the
right anterior quadrant. The mixed echogenicity lesion

10.4.3 Angiosarcoma

Angiosarcoma accounts for 4 % of all soft tissue
malignancies. Tumor originates from vascular
and lymphatic walls. It presents as firm, highly
vascular lesions. Immunohistochemical stains
are often employed to confirm the diagnosis and
they include CD 31, CD 34, and BNH 9 (an endo-
thelial marker).

Endorectal ultrasound can demonstrate the
presence of vascular structures, appearing as
anechoic areas within mixed echogenicity lesion
(Fig. 10.9a, b).

10.4.4 Rhabdomyosarcoma

Rhabdomyosarcoma is one of the most common
childhood soft tissue tumors, but represents less
than 5 % of malignant soft tissue lesions in adult.
Anorectal presentation is extremely rare and is
seen less than 2 % of cases. It arises from the

muscularis
propria

Anal cang

5

expands the outer hypoechoic layer that corresponds to
the muscularis propria (arrows). (a) Axial plane; (b) mul-
tiplanar: sagittal with diagonal and axial planes. JAS inter-
nal anal sphincter, PR puborectalis muscle

muscular layer of the bowel. It is described as a
grossly uncircumscribed lesion with multiple
areas of spherical growth, often resembling a
“bunch of grapes” that is soft in consistency. As a
result of its mesodermal origin, rhabdomyosar-
coma tends to show multiple areas of muscle tis-
sue origin at different stages of development.
This tumor is harder to diagnose in adults,
with more advanced disease at presentation and
worse prognosis than the younger age groups.

10.4.5 Schwannoma

Schwannoma arises from neural crest cells and
can therefore occur in any anatomical region.
Grossly these tumors often appear as firm
yellow- or brown-colored lesions, which may be
pedunculated or sessile. They are almost always
restricted to the submucosa and have largely
benign slow-growing nature. They are uniformly
S-100 positive.
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Fig. 10.8 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Female
patient. Mixed echogenicity lesion located at the level of
lower rectum, anorectal junction, and upper anal canal in
the right anterior quadrant. The lesion involved the
puborectalis muscle (PR) and the rectal wall. (a) Axial
plane. Lesion located in the perianal and ischiorectal fat

10.5 Conclusions with Future
Research

Anorectal cysts, endometriosis of the rectovagi-
nal septum, and non-mucosal rectal lesions (rare
neoplasias of the muscularis propria, connective

propria

and involving the PR muscle (right anterior quadrant)
(arrows). The internal anal sphincter (IAS) is intact; (b)
axial plane. The lesion is located in the perirectal fat and
involves the rectal wall as far as the muscular propria
(arrows); (c) coronal plane. Lesion size (longitudinal
length and the depth) (arrows)

tissues, and vascular structures) are well visual-
ized with 3D endoanal ultrasonography. The
lesions are easily available for ultrasound
examination to set the course for surgical or non-
surgical management. The utilization of this
technology largely depends on the availability of
the technology to the surgeon.
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Fig. 10.9 Three-dimensional endorectal ultrasound per-
formed with 2050 transducer (B-K Medical). Female
patient. Large mixed echogenicity angiosarcoma with
anechoic area inside (vascular structures) located at the
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Learning Objectives

The complexity of pelvic floor is best appre-
ciated with imaging. Unlike most other parts
of the body, pelvic floor anatomy, move-
ment, and function should be evaluated con-
currently. In this chapter we review what
developments lay on the horizon.

11.1  Introduction

Ultrasound can be considered as a disruptive
technology in the medical device arena. A dis-
ruptive technology has the potential to break the
rules of existing markets. Thanks to its real-time
capabilities, its non-ionizing properties, and its
cost—much lower than any other medical modal-
ity —ultrasound has significantly impacted clini-
cal. It could, in the future, change the rules for
screening, and surgery.
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In the history of ultrasound, many innovations
have been developed since its establishment as a
medical imaging device in the 1960s, roughly one
or two per decade. The key innovation that
launched the modality in the 1960s is the real-time
imaging capability through mechanical scanning.
Multichannel systems with electronic control of
transducer arrays were developed in the 1970s. In
the 1980s, flow analysis tools came to maturity
through color flow imaging and quantitative
Doppler modes (pulse wave Doppler—PWD). In
the 1990s significant improvements in image
quality were made possible with the introduction
of real-time compounding techniques and har-
monic imaging. Although many of these concepts
were studied in research laboratories years before
the commercial dates cited above, it is systemati-
cally the maturity of a new technology that trig-
gers the introduction of the innovations on
commercially available platforms: for example,
real-time imaging was triggered by micropro-
cessors development, Doppler modes were
prompted by digital signal processing chips with
enough dynamics to detect, at the same time, very
weak blood signal and strong tissue echoes. The
introduction of low cost analog to digital (A/D)
converters has led to fully digital systems, sig-
nificantly increasing the quality of the informa-
tion delivered. Harmonic imaging was triggered by
large bandwidth transducers, allowing reception
of the signal at twice the transmit frequency.

In the first decade of the twenty-first century,
technology moved towards extensive miniatur-
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ization leading to the introduction of high
performance portable devices. Portable devices
have created new markets for ultrasound—the
emergency market, for example, underlying
again the disruptive potential of the modality.
Today portable devices are the primary sources
of market growth in the industry and miniaturiza-
tion can be considered as a global trend of the
ultrasound industry: available technologies and
innovations are progressively integrated in por-
table systems.

Today, a new technological breakthrough is
ongoing with the advent of massive parallel com-
puting capabilities. This results from the incredi-
ble demand in processing and display
performances needed in the videogame industry.
In addition to multicore architecture CPUs, new
graphical processing units (GPU) allow parallel
processing on thousands of channels simultane-
ously. This technology is available for the ultra-
sound industry and is the enabler to full
software-based architecture systems [1].

In the area of pelvic floor imaging, 2D abdomi-
nal transducers were used for pelvic floor imaging
[2—-4]; transducers designed for 3D fetal imaging
were adapted for pelvic floor disorders opening a
new area of investigation and discovery [5-7].
Adaptation of 3D endoanal probes [8, 9] for use in
pelvic floor imaging opened another area of inves-
tigation [10, 11]. Investigations from this adapta-
tion have produced logarithmic publications in the
area of pelvic floor disorders [12-20].

In this chapter we introduce some advances in
imaging technologies in general and introduce
new ultrasound uses and forthcoming advances
in pelvic floor imaging.

11.2 Operative Pelvic Floor
Ultrasonography

Although clinical examination and urodynamic
study are the basic methods in the diagnostics of
incontinent women recently more often signifi-
cance of transperineal ultrasound (TPUS) is men-
tioned in many publications as the method
enabling the assessment of the position of the ure-
thra, its anatomical relations, mobility, and hyper-
rotation. TPUS is a very simple diagnostic
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method, which may be performed by every clini-
cian involved in pelvic floor diagnostics; it does
not require special transducers and sophisticated
scanners. The equipment used for TPUS is widely
accessible in obstetrics, radiology, gynecology,
urology, surgery, and other specialties; thus the
access is easy and no extra investment is needed.
Ultrasound has been used in the office or the oper-
ating room for drainage of hematomas and sero-
mas. This anatomical access however does not
allow for getting full information about complex
anatomy of the urethra and its relations to the
bladder, elements of levator ani, and vaginal walls
including pubocervical fascia. The interesting
observation is that with knowledge comes the
ability to detect cause of problems that have
eluded us and invent different ways of correcting
root cause of these problems.

Recent applications of botulinum toxin A have
included treatment of refractory pelvic pain and
pelvic floor spasm [21-23]. There has been
reported variability in patient response with this
treatment approach, and response rates may vary
due to anatomic variations of the pelvic muscula-
ture. 3D endovaginal ultrasound guided-injection
to the levator ani is a novel application of injecting
botulinum toxin A in patients with levator ani
spasm. Using the 2052 probe, the needle is readily
visualized in real time and injections can be per-
formed in a directed fashion. The potential advan-
tages of this method are many, and include direct
visualization of adjacent anatomical structures,
direct visualization of the targeted muscle, with
the possibility of repositioning the needle in cases
of misdistribution or distortion of anatomy, and
avoidance of potential intravascular injections.
The long-term efficacy of this approach is cur-
rently the subject of an ongoing study. The tech-
nique for needle localization is reported in the
literature [24].

Another interesting area of investigation has
been how do we repair the levator ani muscles
and does this make a difference (Fig. 11.1).
Levator ani muscle repair has been reported and
it is known to be a technically challenging sur-
gery. Dietz and colleagues have reported on
repair of these muscles in the labor and delivery
suite [25]. The same group reported on 20 levator
repairs using a mesh patch in 17 women (three
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Fig. 11.1 3D EVUS of the pelvic floor of a patient with
bilateral levator ani separation from the pubic bone. BK
8838 probe is used for imaging. PS pubic symphysis, U
urethra, V vagina, R rectum, LAD levator ani defect, LA
levator ani. Source: Shobeiri. Surgical repair of bilateral
levator ani muscles. [IUGJ 2012

bilateral). Six patients complained of symptoms
of recurrent prolapse, three of de novo dyspareu-
nia, and four of pain related to the repair site on
palpation. There were two mesh erosions, one of
which healed with estrogen treatment. Prolapse
recurrence beyond the hymen was observed in
five patients. The mean hiatal area on Valsalva
was reduced from 36.84 to 30.71 cm? (P=0.001)
[26]. Looking at the pictures published in the
article, it seems that the authors were in the vicin-
ity of the puboperinealis muscles. It can be con-
cluded that mesh usage in this area has a high
complication rate. The authors concluded that the
effect of surgery on prolapse recurrence and hia-
tal dimensions is relatively disappointing [26].

A direct repair technique has been described
with a “bridging” method using fascia lata [27].
This surgery is technically difficult and not easily
adaptable. A recent report documents the imple-
mentation of needle-guidance and 3D endovagi-
nal ultrasound for the surgical repair of levator
ani muscle defects (Fig. 11.2) [24]. As described,
the technique involves an intraoperative 3D endo-
vaginal ultrasound (using the 8838 probe), and
under ultrasound guidance, the detached levator
muscles are tagged with J-hook needles (MPM
Medical, Elmwood Park, NJ, USA). The authors
describe the ability to manipulate the needle in
order to identify the torn ends of the muscles.
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Fig. 11.2 J-hook needle in the puborectalis muscle by
endovaginal 360° ultrasound. U urethra, N needle, R rec-
tum. Source: Shobeiri. Surgical repair of bilateral levator
ani muscles. IUGJ 2012

OU Women's Pelvic and Bladder Health

Fig. 11.3 During surgery, in cases where the sling is not
palpable, a needle is inserted into the sling which facili-
tates location and division of the sling. B bladder, PS
pubic symphysis, S sling, N needle, U urethra. Source:
Shobeiri. Transvaginal sling release with intraoperative
ultrasound guidance. JPMS 2013

Further longitudinal follow-up in a series of
patient will be needed to determine the success of
this approach.

A useful utilization of 3D endovaginal ultra-
sound is that of clear visualization of synthetic
implants, such as midurethral sling materials
(Fig. 11.3). Surgical removal of these synthetic
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Fig. 11.4 The transvaginal ultrasound image in a mid-
sagittal orientation with full visualization of the fistula tract
after hydrogen peroxide injection. A anterior, C cephalad,

materials can be challenging in nature, especially
when performed in patients remote from surgery.
3D endovaginal ultrasound provides real-time
visualization of the midurethral sling material. It
allows for visualization of the precise location of
the synthetic, relative to the urethrovasical junc-
tion, as an adjunct to surgical planning, or allows
for real-time needle localization of the location of
the material, just prior to surgical prepping [28].

Ultrasonography can also be used for localiza-
tion of rectovaginal fistula tracts while patient is
under anesthesia. To view small complex fistulas,
injection of hydrogen peroxide into the fistula
tract may be required (Fig. 11.4).

11.3 Functional Imaging
11.3.1 Manometry
Currently, the best functional imaging may be

afforded by the magnetic resonance imaging
(MRI) because of its extended field of view.

EAS external anal sphincter, F fistula tract, JAS internal anal
sphincter, LA levator ani muscle, P posterior, R rectum, V
vagina. Source: © Shobeiri

However, pelvic organ prolapse staging with the
use of POP-Q, dynamic MR imaging, and peri-
neal ultrasonography only correlates in the ante-
rior compartment and has poor correlation in
central and posterior compartments [29]. MRI
has been useful for creating finite element mod-
els to evaluate mechanisms of pelvic floor injury
[30, 31]. What have been missing in functional
evaluation are manometric measurements.
Manometry has been used in years for evaluation
of the anal sphincter complex [32]. Vaginal pres-
sure is a key measure of the strength of the pelvic
floor muscles. Kegel was the first to use a pneu-
matic resistance chamber to measure vaginal
pressure and perform biofeedback therapy using
his device to improve the strength of pelvic floor
muscle. Since then, several investigators have
used various types of devices to measure vaginal
pressure/force as a measure of the pelvic floor
strength. Pressures in general are directionless
and should be symmetrical on all sides. However,
such is not the case in various sphincters or high-
pressure zones (HPZs) of the body because these
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Fig. 11.5 Sagittal view of the HDM plots at rest and
during squeeze, demonstrating the location of the peak
pressure in the anterior (A) and posterior (P) midline
(n=11). Black circle marks the location, and broken line
depicts the level of peak pressures. With pelvic floor con-

are contact and not the cavity or fluid pressures.
Using a side-hole infusion manometry technique
that can measure contact pressure at a point loca-
tion, we found that there is a HPZ in the distal
part of the vagina that shows axial and circumfer-
ential asymmetry of the contact pressures both at
rest and during contraction. Furthermore, the
contact pressures increase significantly during
pelvic floor contraction. Static and dynamic char-
acteristics of vaginal HPZ using a novel, tactile
pressure-sensing technology (i.e., high definition
manometry —HDM) have been investigated [33].
To further understand the characteristics of vagi-
nal HPZ revealed by HDM, the authors recorded
dynamic, two-dimensional (2D) US images of
the pelvic floor muscles. Additionally, dynamic
magnetic resonance (MR) imaging of the pelvis
and pelvic floor muscles was performed to study
the anatomical relationship between vaginal HPZ
and the adjacent pelvic floor structures [33].
Their data showed the following results. First,
HDM plots revealed that, in the vaginal HPZ, the
contact pressures are distributed asymmetrically
in different quadrants, with lateral contact pressures
being significantly smaller than the anterior and

Squeeze

traction, the distance (A =delta) between the peak pres-
sures decreases from 1.0 to 0.2 cm. Cd caudal end, Cr
cranial end, HDM high definition manometry. Source:
Raizada. HDM, US, and MRI of pelvic floor muscles. Am
J Obstet Gynecol 2010

posterior ones. During pelvic floor contraction,
there is significant increase in the contact pres-
sure in all quadrants of the vaginal HPZ, but the
major increase occurs in the anterior and poste-
rior directions. Second, with pelvic floor contrac-
tion, there is significant cranial movement of the
posterior contact pressure cluster in relationship
to the anterior contact pressure cluster. In fact,
anterior and posterior contact pressure clusters
come axially (along the probe) closer to each
other. Third, 2D US and MR images showed that
the anorectal angle moves in the ventral and
cranial directions during pelvic floor contraction.
The cranial movement of the anorectal angle, as
revealed by US images and MR images, is of the
same magnitude as that of the vertical movement
of the posterior contact pressure cluster on the
HDM probe. Fourth, MR images with a collaps-
ible bag in the vagina showed the location of
vaginal HPZ in relationship to the pubic symphysis,
urethra, anal canal, and other pelvic floor struc-
tures (Fig. 11.5) [33]. The investigators proposed
that using HDM probe one may investigate
whether it is possible to divide pelvic floor disor-
ders into disorders of elevator (pubovisceralis)
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Fig. 11.6 Sagittal image

of the high definition anal
manometry pressure plot at
rest and squeeze. A line
connecting the peak pressure
in the anterior and posterior
midline shows movements of
the peak posterior pressure in
the cranial direction with
squeeze. The change in the
angle of the above line is
similar to the change in angle
measured in the magnetic
resonance images and reflects
the elevator function of the
pelvic floor muscle. Cd
caudal end, Cr cranial end,
HDM high definition
manometry. Source: Raizada.
Functional morphology of
anal sphincter complex,
Neurogast & mobility, 2011

37°
[T Direction of force

and constrictor (puborectalis) functions. Using
the same technology, the same group reported on
functional morphology of the anal sphincter
complex (Fig. 11.6). They concluded that by high
definition anal manometry (HDAM) plots the
anal canal pressures are highly asymmetric in the
axial and circumferential direction. Anal canal
length determined by the 3D US images is
slightly smaller than that measured by HDAM.
The external anal sphincter (EAS) (1.9+0.5 cm
long) and PRM (1.7+0.4 cm long) surround dis-
tal and proximal parts of the anal canal, respec-
tively. With voluntary contraction, anal canal
pressures increase in the proximal (PRM) and
distal (EAS zone) parts of anal canal. Posterior
peak pressure in the anal canal moves cranially in
relation to the anterior peak pressure, with
squeeze. Similar to the movement of peak poste-
rior pressure, MR images show cranial move-
ment of anorectal angle with squeeze [34].

Squeeze
mmHg

160

0

M EAS
' PRM

50°

11.3.2 MR Imaging

A major shortcoming of the above manometric
studies is that HDM can be used to measure pres-
sures and MRI and TPUS are used to image the
pelvic floor, and then the correlation is made. In
the search for an improved three-dimensional
(3D) imaging modality that simultaneously looks
at anatomy and function, recently the use of dif-
fusion tensor imaging (DTI) with fiber tractogra-
phy was proposed for the visualization of the
normal female pelvic floor using MRI [35]. The
enhanced 3D visualization with DTI and fiber
tractography might have the potential to both
visualize and quantify abnormal pelvic floor sup-
port in patients with prolapse. Zijta and col-
leagues performed a study to examine the clinical
application of DTI and fiber tractography of the
pelvic floor support, by prospectively evaluating
and comparing the fiber tract outcomes and basic
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DTI parameters of women with pelvic organ pro-
lapse with those of women with pelvic floor
symptoms but without pelvic organ prolapse,
and with those of asymptomatic nulliparous
women. We also intended to investigate the
degree of inter-rater reliability. Their findings
were as follows: anatomical representation of
the pubovisceral muscle in 34 % (19/56);
puborectal muscle in 13 % (7/56); superficial
transverse perineal muscle in 27 % (15/56);
ischiocavernosus muscle in 54 % (30/56); bulbo-
spongiosus muscle in 43 % (12/28); and urethral
sphincter complex in 29 % (8/28) of the datasets,
respectively. No perceptible differences in trac-
tability or nontractability were found in per-
group distributions. The iliococcygeus muscle
was rated non-satisfactory in all datasets (56/56).
The following anatomical structures were identi-
fied in most of the DTI datasets: perineal body
100 % (28/28), anal sphincter complex 93 %
(26/28), and internal obturator muscle 100 %
(56/56) (Fig. 11.1). Despite the overall non-sat-
isfactory visualization of the global appearance
of the pubovisceral muscle in the datasets
(37/56), analyses of its subdivisions resulted in a
satisfactory visualization of the puboperineal
muscle in 23 of the 28 subjects. Both the pubo-
vaginal and puboanal subdivision could not or
only insufficiently be tracked. Substantial over-
all inter-rater agreement was found for the inde-
pendent qualitative scores. The overall weighted
kappa for all muscle assessments was 0.71 (95 %
CI 0.63-0.78). Qualitative inter-observer agree-
ment for the anatomical structures which met the
criteria for quantification was also substantial
(PABAK 0 0.76). The authors concluded that
DTI permits 3D visualization and quantification
of part of the pelvic floor anatomy, with reliable
high-quality tractability of the anal sphincter
complex, perineal body, and the puboperineal
muscle [35]. The authors state DTI and fiber
tractography are feasible noninvasive tools to
assess in vivo pelvic floor anatomy, which
exceed the resolution of frequently applied con-
ventional MR techniques and might provide
complement information in pelvic floor disor-
ders (Fig. 11.7) [36].
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11.3.3 Endocavitary Ultrasound and
Real-Time Elastography (RTE)

Ultrasound real-time elastography (RTE) is a

rather new imaging modality based on differ-

ences in radiofrequency signals following endog-
enous/exogenous compression due to different
elastic properties of the targeted tissues or organs.

This may yield additional image information

and, therefore, enhance diagnostic accuracy and

potentially improve clinical management [37].

Elastography is a term referring to imaging tech-

niques that aim to assess tissue elasticity. All

approaches that have been introduced to date are
based on a common three-step methodology:

1. Generate a low frequency vibration in tissue
to induce shear stress.

2. Image the tissue with the goal of analyzing the
resulting stress.

3. Deduce from this analysis a parameter related
to tissue stiffness elastography, which uses
ultrasound to assess tissue differences in ultra-
sound imaging and provides both morphological
(gray-scale images) and functional imaging
(flow imaging) of soft tissue. Using ultrafast
capabilities, a third dimension can be added to
ultrasound: pathophysiological information
through the assessment of tissue viscoelastic-
ity. Ultrafast imaging can be used to capture
phenomena that have never been imaged on
commercial ultrasound devices: transient shear
waves propagating in soft tissue. Shear wave
imaging leads to quantification of tissue
mechanical properties. Once properly gener-
ated and imaged, a transient shear wave can
provide many insights on the mechanical prop-
erties of the imaged tissue.

Elastography technology is similar to DTI
and tractography comprising enhanced MRI
techniques that enable the three-dimensional
visualization of anisotropic tissue, such as mus-
cle fibers, and provide a quantitative description
of tissue organization and integrity [36]. MR
imaging utilizes (monochromatic) vibration.
Stationary waves induced in the body are ana-
lyzed to deduce tissue elasticity. Dynamic elas-
tography is well suited for MR systems as the
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Fig. 11.7 Axial T2-weighted image of a 26-year-old nul-
lipara (a) with corresponding directionally coded FA map
(b). The pervoxel vector values are color coded as follows:
green (anteroposterior direction), blue (craniocaudal direc-
tion), and red (mediolateral direction). Fiber tractography

vibration pattern is not time-dependent but must
be assessed in a volume. It is a quantitative
approach but suffers from the usual MR draw-
backs: high cost, limited availability, and lack of
real-time imaging. The elastographic pictures
registered simultaneously with conventional
gray-scale B-mode images during sonography or
endosonography can be assumed to better help
distinguish malignant from inflamed areas and
thus facilitate the diagnostic work-up [38]. In
other important conditions, such as pelvic floor
disorders, this technology remains untested.
Endocavitary ultrasound with RTE can be per-
formed using multifunctional ultrasound equip-
ment (Fig. 11.8) (Hi vision Preirus; Hitachi
Aloka, Wallingford, USA). The Hi vision 8500
includes the innovative sonoelastography option,
which provides a new set of information by mea-
suring the relative stiffness of tissue and overlay-
ing that information onto the standard B-mode

e urothsal sphincter \ C

i urethral sphincter

(c) demonstrates the multidirectional organization of the
complex pelvic floor anatomy with a clear visualization of
circularly orientated fibers at the level of the urethral and
anal sphincter complex. Source: Zijta, Diffusion Tensor
Imaging and Fiber Tractography, Clinical anatomy 2013

image as a traditional color map. The system also
features multi-angle compound imaging, adap-
tive noise reduction, and four modes of tissue
harmonics. It allows users to adjust the imaging
parameters of a frozen image. Use of a high-
frequency probe R54 (Fig. 11.9) will allow a cir-
cular view (frequency spectrum: 5-10 MHz).
The R54 is similar to BK 2052 transducer. The
probe can show images in a four-window view
(Fig. 11.10). The images with this transducer
appear rendered and with soft edges since the
software adapted for its use is same as the one
used for fetal imaging. This makes differentiation
between different levator ani subdivisions rather
difficult. The probe is not automatic and must be
hand-drawn to produce a 3D data volume. As
such, one can assume that the volume and area
measurements may not be accurate. On the posi-
tive side the data volume produced is simple to
manipulate like BK’s software (Fig. 11.11).
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Fig. 11.8 Hitachi Aloka Preirus Hi Vision 8500, an LCD
monitor, and control panel are incorporated as a unit,
which can be moved vertically and horizontally together
by means of a flexible arm. The operator can perform
examinations in the best position whether he/she is stand-
ing or sitting

Fig. 11.9 Hitachi Aloka R54 probe: Frequency band:
5.0-10.0 MHz. Radius/sector angle: 6 mm/270°. Depth of
field of view: 30-170 mm. Display modes: B-Mode,
M-Mode, PW, CFM, CFA. Probe length: 190 and 330 mm,
adaptable with rectoscope

On the negative side, the Hitachi Aloka software
does not have a PC platform and can be manipu-
lated only on the ultrasound machine. This lack
of PC/Apple specific software makes storing data
volumes for clinical or investigational use diffi-
cult. The Hitachi Aloka R54 probe targets the
colorectal audience and has a smaller diameter
compared to BK’s 2052 or 8838. The smaller
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diameter may be an issue for endovaginal imag-
ing since probe—tissue contact will require ample
ultrasound gel. Additional probes used for pelvic
floor imaging are EUP-C524 (Fig. 11.12) which
can be used for 3D transperineal imaging just like
the GE or Phillips transducers. The C524 probe
can be used for 2D functional imaging of the pel-
vic floor (Fig. 11.13). By placing the probe on the
perineal area, a 3D volume is obtained which can
be manipulated on the ultrasound machine
(Fig. 11.14a, b). There is also a EUP-U533 probe
(Fig. 11.15) which is similar to BK’s 8848 probe.
EUP-US533 obtains excellent mid-sagittal views
of the bladder and the anorectum useful for func-
tional imaging.

For endoanal RTE, the balloon at the tip of the
probe should be repeatedly filled with water
(10 mL/s, maximum volume 20 mL) under
strictly controlled dynamic strain conditions as
indicated on a graded scale located at the right
margin of the elastogram with monitoring of
color distribution within the region of interest
(ROD). In a study of anal sphincter by Allgayer
and colleagues, in 43 patients sufficiently repro-
ducible color distribution patterns were obtained
with the desired strain range as indicated by the
built-in strain indicator equaling three (four)
points on the seven-point scale [39]. In that study,
particular care was taken to ensure that the mor-
phology and diameter of the inner anal sphincter
(IAS) and EAS as judged from the simultaneous
gray-scale 2D image remained as constant as
possible compared to baseline conditions and
that the probe remained centrally positioned. The
procedure was repeated at least three times and
recorded by taking consecutive single-frame pic-
tures and cine-loop images. A 180° ROI sector
view was used at the level where the IAS and
EAS structures on the simultaneous gray-scale
image could best be distinguished, this area being
in most cases the ventral view of the transition
level between the IAS and EAS (Fig. 11.16).
It was assumed that the distribution of the elasto-
graphically obtained color areas within predefined
structures of the IAS and EAS reflects elastic
properties, red areas representing soft, green
intermediate, and blue hard tissue or organ elastic
properties. For a semiquantitative assessment, the
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Fig.11.10 Four-window view of Hitach Aloka software: (a) axial view, (b) mid-sagittal view, (¢) coronal view, and (d)
3D volume. © Shobeiri

JACHI  HITACHI-ALOKA MEDICAL 3.5 Endovaginal
OU Women's Pelvic & Bladder Health p:100% IGKE
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BG:7 DR:65
dTHI-W-P

Fig. 11.11 3D endovaginal ultrasound 360° volume obtained by manual withdrawal of the Hitachi Aloka R54 probe.
Notice the rendered appearance of the 3D volume. © Shobeiri
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Fig. 11.12 Hitachi Aloka 3D abdominal convex probe
EUP-C524 used for transperineal imaging. Frequency
band: 3.5-7.5 MHz. Radius/angle: 40 mm/70°. Depth of
field of view: 40-210 mm. Display modes: B-Mode,
M-Mode, PW, CEM, CFA, dTHI, WPI

OU Women's Pelvic and Bladder Health

BG:15 DR:75
T:5-1MHz HdTHI-P
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elastogram distribution of red, green, or blue col-
ors within the IAS and EAS structures was esti-
mated using a graded visual scale ranging from 0
to 3.0. Three points indicated that >70 % of the
total IAS and EAS area consisted of the corre-
sponding color, two points indicated a percent-
age range from 30 to 70 %, one point a percentage
range from 10 to 30 %, and zero points a percent-
age of <10 %. For each analysis, three consecu-
tive single frames obtained under identical
conditions from each patient were taken. In sum-
mary, the main finding was that the IAS differed

P:100% (MK}

15<0.4

Fig. 11.13 2D transperineal view obtained by Hitachi Aloka EUP-C524 probe. B bladder, PS pubic symphysis, U
urethra, V vagina, T transducer, LP levator plate, A anus. © Shobeiri
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Fig. 11.14 (a) The 3D data pelvic floor volume obtained
by Hitachi Aloka 3D abdominal convex probe EUP-C524.
(b) The volume is rotated (the yellow arrow) to face the
axial plane and advanced cephalad to reach the levator ani

%

Fig. 11.15 Hitachi Aloka linear/convex endocavitary
EUP-U533 probe. Frequency band: 5.0-10.0 MHz linear,
5.0-9.0 MHz radial. Linear length/radius/sector angle:
64 mm/10 mm/200°. Depth of field of view: 30-170 mm.
Display modes: B-Mode, M-Mode, PW, CFM, CFA,
dTHI, WPI

significantly from the EAS with regard to elasto-
gram color distribution. There were no signifi-
cant correlations with clinical and functional
parameters. There was, however, a nonsignificant
increase in the percentage of blue (hard) areas in
the IAS in patients neoadjuvantly irradiated for
rectal or cervical cancer compared to nonirradi-
ated patients, which was accompanied by a sig-
nificant decrease in the resting sphincter pressure
(p<0.009). The authors concluded that the IAS, a
smooth muscle, and the EAS, a striated muscle,
have different elastogram color distributions,
probably reflecting their different elastic proper-
ties. The absence of significant correlations with
the major clinical and functional parameters sug-
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Eancra

muscles. B bladder, LP levator plate, PS pubic symphysis,
A anus, T transducer, U urethra, V vagina, LA levator ani.
© Shobeiri

gests that in routine clinical practice ultrasound
RTE may not yield additional information in
patients with fecal incontinence. There may be
exceptions, particularly in irradiated patients
[39].

Elastography is intended to yield additional
visual and clinically valuable information com-
pared to conventional gray-scale B-mode images.
There remain important questions such as the
problem of appropriately quantifying elasto-
graphic information in terms of elastic tissue
properties, the underlying structural substrate for
the observed elastographic differences between
different muscles, and, finally, the clinical rele-
vance of elastography in patients with pelvic
floor weakness [39].

11.4 Conclusions and Future
Research

Elastography in ultrasound and DTI in MRI are
two advancements that bring us one step closer
to true 3D functional imaging that may help
with investigation of underlying causes of pel-
vic floor disorders. Although the elastic proper-
ties of the pelvic floor tissue are important for
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Fig. 11.16 Simultaneous elastogram (left) and gray-
scale B-mode single-frame image (right) from a
64-year-old patient with partial fecal incontinence follow-
ing lower anterior resection for rectal cancer. Gray-
scale B-mode image shows normal IAS and EAS
morphology. The computerized analysis of the color
distribution yielded 47.8 % red (soft), 47.4 % green

pelvic organ support and labor and delivery,
elastography of pelvic floor remains untested
(Fig. 11.17). The ultimate solution would be an
endocavitary probe that has the 3D capability of
the high resolution manometry. Although both
MRI and 3D endovaginal ultrasound can image
the levator ani muscles reasonably well, neither
can easily assess the integrity of the connective
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(intermediate), and <5.0 % blue (hard) areas within the
IAS; corresponding values for the EAS were 41.6 %
blue (hard), 58.5 % green (intermediate), and no red
(soft) areas. The strain level was three on the seven-
point graded scale. Source: Allgayer, Endosonographic
elastography of the anal sphincter. Scandinavian Journal
of Gastroenterology, 2010

tissues of pelvic floor support such as the utero-
sacral cardinal ligament complex, perineal
membrane, and the pubocervical fibromuscu-
laris and the rectovaginal tissue. With advanc-
ing technology, reliable and reproducible 3D/4D
ultrasound technologies may contribute to
unlocking mysteries of pelvic floor disorders
that plague us today.
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Fig. 11.17 Simultaneous elastogram (left) and gray-
scale B-mode single-frame image (right) from a
patient with normal muscle morphology. The com-
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For the following questions, there is only one 2. Looking at the below 3D volume please
right answer to each question. circle which one is Cephalad?

1. Looking at the below 3D volume please cir-
cle which one is Anterior?

[A]
[B]
[A] [C]
[B] [D]
[C]
[D]
S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 21

to 2D/3D/4D Ultrasonography of Pelvic Floor, DOI 10.1007/978-1-4614-8426-4,
© Springer Science+Business Media New York 2014
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3. Looking at the below 3D volume please 5. Which probe was used to obtain these
circle which one is the vagina? images?

[A]

(B] [A] BK 2052 360° probe
[C] [B] BK 8848 Convex probe
(D] [C] BK 8848 Linear probe

[D] BK 8802 Transperineal probe
4. Looking at the below 3D volume please cir-

cle which one is the superficial transverse
perinei muscle? 6. Looking at the below 3D volume please cir-
cle which one is the puboperinealis muscle?

[A]
[A] [B]
[B] [C]
[C] [D]

(D]



Post-Test Questions

7. Looking at the below 3D volume please cir-
cle which one is the puboanalis muscle?

[A]
(B]
[C]
(D]

8. Looking at the below 3D volume please cir-
cle which one is the puborectalis muscle?

[A]
(B]
[C]
(D]

213

9. Looking at the below 3D volume please cir-
cle which one is the iliococcygeous muscle?

10.

[A]
(B]
(C]
(D]

The view demonstrated here is

[A] Sagittal
[B] Coronal
[C] Axial

[D] Cephalad
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11. Which probe is used to acquire this image? 13. Looking at the below 3D volume please
indicate where the pubic arch is

[A] BK 2052 360° probe

[B] BK 8848 Convex probe (Al
[C] BK 8848 Linear probe (B]
[D] BK 8802 Transperineal probe [C]

(D]

12. Looking at the below 3D volume where is
anterior? 14. Looking at the below 3D volume please cir-
cle which layer is trigone?

[A]

[B] [A]
[C] (B]
(D] (C]

(D]
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15. Looking at the below 3D volume please cir- 17. Looking at the below 3D volume please
cle which layer is the urethral lumen? circle which layer is the striated muscle layer
(Rhabdomyosphincter)?

[A]

[B] [Al
[C] [B]
D] [C]

(D]

16. Looking at the below 3D volume please
circle which layer is longitudinal/circular 18. The view demonstrated here is
smooth muscle layer?

[A] Sagittal view of the anorectum

A

[B] [B] Coronal view of the urethra and the
[B] bladder

[C] [C] Axial view of the anus

[D]

[D] Cephalad view of the levator ani
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19. Which probe is used to obtain this image? 21. Looking at the below 3D volume please
circle which one is the levator plate?

[A] BK 2052 360° probe

[A]
[B] BK 8848 Convex probe B]
[C] BK 8848 Linear probe (€]
[D] BK 8802 Transperineal probe D]

20. Looking at the below 3D volume please cir- 22, Looking at the below 3D volume please cir-
cle which one is the external anal sphincter? cle where is the internal anal sphincter?

[A] [A]
(B] (B]
[C] [C]

[D] (D]
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23. Looking at the below 3D volume please cir- 25. The view demonstrated here is
cle where is the external anal sphincter?

[A] Sagittal view of the anorectum

[B] Coronal view of the urethra and the
bladder

[C] Axial view of the anus

[A] [D] Cephalad view of the levator ani

[B] . .
C 26. Looking at the below 3D volume please cir-
[C] cle where is the perineal body?

(D]

24. Looking at the below 3D volume please cir-
cle where is posterior?

[A]
(B]
(C]
(D]

[A]
(B]
[C]
(D]
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27. Looking at the below 3D volume please cir- 29. Looking at the below 3D volume please
cle where is the anorectum? circle where is cephalad?

[A] [A]
(B] (B]
[C] [C]
(D] (D]

28. Looking at the below 3D volume please cir- 30. Looking at the below 3D volume please cir-
cle where is the vagina? cle where is the internal anal sphincter?

[A] [A]
(B] (B]
[C] (C]

(D] (D]
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31. Looking at the below 3D volume please 33. Looking at the below 3D volume please
circle where is the external anal sphincter? circle where is the rectovaginal fascia?

[A] [A]
[B] (B]
[C] [C]
[D] [D]

32. Looking at the below 3D volume please cir- 34. Which probe is used to acquire this image?
cle where is the levator plate?

[A] [A] 2052 360° probe
[B] [B] 8848 Convex probe
[C] [C] 8848 Linear probe

[D] [D] 8802 Transperineal probe
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35. The view demonstrated here is 37. Looking at the below 3D volume please

identify the anorectum

[A] Sagittal view of the anorectum

[B] Coronal view of the urethra and the [A]

bladder [B]
[C] Axial view of the anus [C]
[D] Cephalad view of the levator ani [D]

36. Looking at the below 3D volume please 38. Looking at the below 3D volume please

identify where the vagina would be? identify the external anal sphincter muscle
[A] [A]
[B] (B]
[C] (C]

(D] [D]
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39. Looking at the below 3D volume please 41. Which probe is used to acquire this image?
identify the levator plate

[A]

(B] [A] 2052 360° probe
[C] [B] 8848 Convex probe
[D] [C] 8848 Linear probe

[D] 8802 Transperineal probe

40. Looking at the below 3D volume please
identify the internal anal sphincter muscle 42. The view demonstrated here is

[A]

[B]

[C] [A] Sagittal view of the anorectum

(D] [B] Coronal view of the urethra and the

bladder
[C] Axial view of the anus

[D] Cephalad view of the levator ani
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43. Looking at the below 3D volume please 45. Looking at the below 3D volume please
identify where the vagina would be? identify the “defect,” or a structure that you
would not expect to see here

[A]
(B] [A]
[C] [B]
[D] [C]
[D]
44. Looking at the below 3D volume please
identify the anorectum 46. The view demonstrated here is
[B]
[C] . .
D] [A] Sagittal view of the anorectum

[B] Coronal view of the urethra and the bladder
[C] Axial view of the anus

[D] Cephalad view of the levator ani
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47. Looking at the below 3D volume please 49. Looking at the below 3D volume please
identify the anorectum identify the “defect” or a structure that you
do not expect to see here

[A]
[B] [A]
[C] (B]
D] [C]
(D]
48. Looking at the below 3D volume please
identify the external anal sphincter 50. Which probe is used to acquire this image?

[A] 2052 360° probe
[B] 8848 Convex probe

[A] [C] 8848 Linear probe
[B] [D] 8802 Transperineal probe
[C]

(D]
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51. The view demonstrated here is 53. Looking at the below 3D volume please
identify the anorectum

[A] Sagittal view of the anorectum

[B] Coronal view of the urethra and the [A]

bladder [B]
[C] Axial view of the anus [C]
[D] Cephalad view of the levator ani [D]

52. Looking at the below 3D volume please 54. Looking at the below 3D volume please
identify the vagina identify the urethra

[A] [A]
(B] (B]
[C] (C]

(D] (D]
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55. Looking at the below 3D volume please 57. The view demonstrated here is
identify the bladder

[A] Sagittal view of the anorectum

[A] [B] Coronal view of the urethra and the
bladder

[B] L .

(€] [C] Axial view of the vagina

(D] [D] Cephalad view of the levator ani

58. Looking at the below 3D volume please
56. Looking at the below 3D volume please identify the vagina
identify the posteriorly implanted pig tissue

[A]
[A] .
(B] [C]

(D]
(C]

(D]
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59. Looking at the below 3D volume please
identify the bladder

[A]
(B]
[C]
(D]

60. Looking at the below 3D volume please
identify the posteriorly implanted pig tissue

[A]
(B]
[C]
(D]

Post-Test Key

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

24.

. [B]

(C]

- [B]

[A]

. [A]

[C]

. [C]

. [C]

(B]
[A]
(C]
(B]
[A]
[A]
(B]
(C]
(D]
(B]
[A]
(B]
[C]
(B]
[A]

[C]

Post-Test Questions
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25. [A] 43. [A]
26. [D] 44. [B]
27. [C] 45. [C]
28. [B] 46. [A]
29. [D] 47. [C]
30. [B] 48. [A]
31. [A] 49. [B]
32. [D] 50. [A]
33. [C] 51. [A]
34. [C] 52. [C]
35. [A] 53. [D]
36. [A] 54. [B]
37. [B] 55. [A]
38. [B] 56. [D]
39. [D] 57. [C]
40. [C] 58. [B]
41. [A] 59. [A]

42. [C] 60. [C]



Index

A prolapse evaluation, 130
Aging techniques and literature
Bland Altman plot, 83 endovaginal ultrasound (see Endovaginal
MLH and LPA, 83-87 ultrasound, anorectum)
Anal sphincter damage translabial ultrasound (see Transperineal
anal canal assessment, 166 ultrasonography (TPUS))
EAUS, 167 and TPUS, 130
FI, 170, 171 ARA measures. See Anorectal angle (ARA) measures
fibroelastic component, 165 Arcus
fistula surgery, 178, 179 pararectal defect, 9
hypoechoic layer, 164 pubocervical fibromuscularis, 3
measurement, 167 tendineus fascia pelvis, 67
ODS, 172-174, 176
pelvis, 163
scanning, 168 B
shape, 167 Bartholin cyst
Angiosarcoma, 191, 193 3D endovaginal ultrasound, 154
Anismus duct, 154
activation, 121 glands, 154
evaluation, 123, 126 gonococcal infection, 154
levator ani trauma, 123 treatment, 154
stage 2 prolapse, 121 Biologic grafts, POP surgery
Anorectal angle (ARA) measures apical—anterior and apical—posterior wall repair, 146
pelvic floor dyssynergy, 119, 126 augmentation, 145
sagittal plane, 117, 119 behavior, 145-146
Anorectal cysts and masses composite kit, 145
description, 185 3D EVUS, 146
endometriosis, 185—-187 FDA recommendatin, 145
presacral neoplasia (see Presacral neoplasia) InteXen LP graft, 145
rare tumors (see Rare tumors) material, 146
Anorectum and 3D EVUS non-cross-linked porcine dermis, 146
assessment, posterior compartment disorders, synthetic tape, 146
130-131 BK 3D Viewer Software
defecography, 130 annotation and arrow icon, 25
description, 115 endovaginal frame, 25, 27
imaging measurement icon, 25, 26
endovaginal (see Endovaginal ultrasound, multiple functions, 28, 29
anorectum) screen view, 24
transperineal, 115-116 sculpting icon, 25, 26
limition, 130 structure, axial, sagittal/coronal planes, 28, 29
S.A. Shobeiri (ed.), Practical Pelvic Floor Ultrasonography: A Multicompartmental Approach 229

to 2D/3D/4D Ultrasonography of Pelvic Floor, DOI 10.1007/978-1-4614-8426-4,
© Springer Science+Business Media New York 2014



230

Index

Bladder neck
assesssment, 106
dilation, 106
external orifice, sagittal section, 94, 101
intramural region, urethra, 96
position and mobility, 105, 106
relationships, 106
and rhabdosphincter, 97
scanning, 107-108, 111
urethral length (Ul) and BSD measures, 97
and urethral lumen, 96
Bladder neck descent (BND), 29
Bladder-symphysis distance (BSD), 97
BND. See Bladder neck descent (BND)
BSD. See Bladder-symphysis distance (BSD)

C

CLL. See Conjoined longitudinal layer (CLL)
Collagen injection therapy, 64

Conjoined longitudinal layer (CLL), 10

D
Deep endometriosis, 185
3D-endocavitary high-resolution probes
8848 endocavitary biplane probe, 22-23
2052 endocavitary 360° probe, 22
8838 endocavitary 360° probe, 23-24
volume rendering technique, 21
X, Y, z planes, 21
3D-endorectal ultrasonography (3D-ERUS)
angiosarcoma, 191, 193
endometriosis
anterior quadrant infiltration, rectal wall, 186—187
lesion infiltration, perirectal fat, 186
GIST, 189, 192
leiomyoma, 188, 191
presacral neoplasia (see Presacral neoplasia)
rhabdomyosarcoma, 191
schwannoma, 191
3D endovaginal imaging. See Anorectum and 3D EVUS
3D endovaginal ultrasound (3D EVUS)
advantages, 160
ample gel, 154
bilateral levator ani separation, 197
cadaveric dissection, 69, 70
clinical applications, 75-76
color Doppler modes, 154
cyst
Bartholin gland, 154
Gartner duct, 157
Skene, 155
and DTI, 200, 201
EUP-C524, 205
female pelvic floor, 70, 71
fetal imaging, 196
guided-injection, 196
HDAM, 200
hematoma formation, 70, 71

high resolution manometry, 207
imaging, LAM (see Levator ani muscles (LAM))
instrumentation, 153
LAM injury (see Injury, LAM)
leiomyoma, 158
manual withdrawal, Hitachi Aloka R54 probe,
202, 204
midurethral sling materials, 197
modality, 200
pelvic floor muscles, 69
performance, 160
probe placement, perineal area, 198, 203
probes, 196
real-time visualization, midurethral sling
material, 198
rectovaginal endometriosis, 159
reproducibility, 160
scanning, 154
surgical repair, levator ani muscle defects, 197
transperineal imaging, 203
urethra and bladder imaging (see Endovaginal urethra
and bladder imaging)
urethral diverticulum
clinical acuity, 156
echo-free cavity, 156
endovaginal probe, 156, 157
vaginal
cancer, 158
hematomas and seromas, 159, 160
visualization, vaginal mass, 153
volume, Hitach Aloka software, 202, 204
3D-ERUS. See 3D-endorectal ultrasonography
(3D-ERUS)
Diffusion tensor imaging (DTT)
levator ani muscle, 200-201
pelvic floor imaging
3D endovaginal ultrasound, 200, 201
MRI, 200-201
and tractography, 201-202
3D imaging, endovaginal implants
biologic grafts, POP surgery, 146
manipulation, 134
MPQ bulking agent, 147, 149-150
slings (see Slings, multicompartment endovaginal
imaging)
visualization, grafts and the bulking materials, 134
DTI. See Diffusion tensor imaging (DTI)

E
EAS. See External anal sphincter (EAS)
EAUS. See Endoanal ultrasonography (EAUS)
Echodefecography
3D ultrasound device, 173
evaluation, 175
rest position without gel, 173
rest-straining-at rest without gel
EAS and IAS, 173, 174
measures, 173, 174
transducer position, anorectal junction, 173, 176
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ultrasound gel
axial plane, 175, 176
identification, rectocele, 175
rectal ampulla, 173, 175
sagittal plane, 175, 176
Elastography
conventional gray-scale B-mode images, 202, 206
diagnostic accuracy and clinical management, 201
DTTI and tractography, 201-202
elastogram, 206, 207
equipment, RTE, 202, 203
graded scale, elastogram, 203
Hitach Aloka software
C524 probe, 2D functional imaging, 203, 205
3D abdominal convex probe, 203, 205
EUP-U533 probe placement, 203, 206
four-window image, 202, 204
linear/convex endocavitary EUP-U533 probe,
203, 206
manual withdrawal, 202, 204
R54 probe, 202, 203
TAS and EAS structures, 203, 205-206
radiofrequency signals, 201
three-step methodology, 201
Endoanal instrumentation and techniques.

See Endovaginal and endoanal instrumentation

and techniques
Endoanal ultrasonography (EAUS)
anatomy, anal canal
assessment, axial plane, 165-166
coronal image, 165
EAS and IAS, 167
five-layers and structure, 164—165
measurement, IAS, 167
sagittal plane reconstruction, 166—167
sphincter damage, 167-168
3D EAUS (see Three-dimensional endoanal
ultrasound (3D-EAUS))
description, 163
diagnosis, 163
performance, mechanical probe, 163—164
rectrum
five-layer structure, 168, 169
sigmoid colon, 168
size, 168
visualization, 168
Endorectal ultrasonography (ERUS). See Obstruction
defecation syndrome (ODS)
Endovaginal and endoanal instrumentation and
techniques
high-resolution 3D imaging, 19
multicompartmental ultrasonographic (see
Multicompartmental ultrasonographic
techniques)
pelvic floor disorders, 19
TVT, 19
ultrasound imaging
BK 3D Viewer Software, 24-28
3D endocavitary high-resolution probes, 21-24

2D probes, 21

Flex Focus machine, 20

Flex Focus specifications, 21

8802 probe specifications, 21

Pro Focus UltraView 2202 console, 20
Pro Focus UltraView scanner, 20
UltraView specifications, 20

Endovaginal implants

bulking agents, 134

cost-effectiveness, teaching and clinical value, 151

3D imaging (see 3D imaging, endovaginal implants)

graft materials and surgical management, 133

literature, 150

MRI and X-ray imaging, 133-134

multicompartment (see Multicompartment
endovaginal imaging)

TVT and TOT, 133

Endovaginal ultrasound, anorectum

anorectal angle, 116
assessment, 130-131
axial plane, 116, 117
coronal plane, 117, 120
defecography, 130
evaluation, prolapse, 130
limitation, 130
posterior compartment structures, 116
sagittal plane
anatomy, 116117
ARA measures, 117,119
internal anal sphincter measurements, 117
levator plate, Valsalva/squeeze, 117-119
rectovaginal septum length, 117
techniques and literature review
BK 8838 transducer, 123
BK 8848 transducer, 123
dorsal lithotomy position, 123
enterocele, 124, 125
evaluation, 123
intussusception, 124, 126
levator ani defect (see Posterior pelvic floor
compartment, 3D EVUS)
levator ani trauma, 123-124
measures, internal and external anal
sphincters, 124
pelvic floor dyssynergy, 126-127
rectocele, 124, 125

Endovaginal urethra and bladder imaging

advantages, 110

anatomy (see Female urethra and bladder)
axial section, 94-95

description, female urethra, 91

Doppler effects, 91

interventional treatment, 3D EVUS, 110
pathogenesis, UI, 91

pelvic floor diagnostics, 91

position and preparation, patient, 92
sagittal section, 94

silicon cover, transducer, 92

TPUS, 91
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Endovaginal urethra and bladder imaging (cont.)
2050/2052 transducer
acquisition, 92
advantages, 93
axial section render mode, 93
3D volume dataset, 92
gray-scale 3D image, axial section, 92-93
limitation, 93
pelvic floor anatomy, 92
proctology, 93
8838 transducer, 94, 95
8848 transducer, 94
transducers types, 91-92
transducer types, 91-92
vascular render mode (see Urethral vascularity)
Enterocele, anorectum
endovaginal ultrasound, 124, 125
translabial ultrasound
reduction, stage 2 prolapse, 121, 122
and sigmoidocele, 121
Valsalva maneuver, 121, 122
External anal sphincter (EAS), 203, 205-206

F

Fecal incontinence (FI)
anal sphincter damage, 170-171
definition, 169
and EAUS, 170
meta-analysis, 169-170
pathophysiology, 170
pudendal nerve injury, 170
silicone implants, 172
tears and scarring, 170
treatments, 171-172

Female urethra and bladder
advantages, 2D/3D EVUS, 110
anti-incontinence procedures, 107
calcification, 106, 108
carcinomas, 104
3D EVUS, 104, 106, 108
diverticulum, 103-105
evaluation, 103
fistulas, 104
funneling, 105-106
haematomas, 108, 109
high-resolution visualization, 104
hypertrophy, 105, 106
lack of differentiation, anatomical pelvic floor

structures, 103, 104

neck assessment, 107
obstruction, 104
paraurethral anomalies, 104
pelvic surgery, 108, 109
periurethral cystic lesions abnormalities, 104
post-inflammatory changes, 106
postoperative voiding dysfunction, 107
real-time US, 103
sphincter assessment, 106—-107

TLUS and Doppler spectral waveform, 106
treatment, 103
ultrasound morphology
assessment, urethral vascularity, 100-103
axial section analysis, 101, 102
3D EVUS, 99
diagnosis, 100
differences, 98, 99
3D image, bladder neck and urethral lumen, 96
endovaginal insertion, 96
measurements, 97-99
MRI, 99
pelvic floor levels, 96-97
POP and SUI, 96
rhabdosphincter thickness and volume, 99-100
ROI, 101-103
sagittal section analysis, 101, 102
Valsalva and squeeze maneuvers, 96
ureteral ectopia, 103-104
vaginal deliveries and obstetrical trauma, 108, 109
videocystoure thrography and cystometry, 106
FI. See Fecal incontinence (FI)

G
Gartner duct cyst
anomalies, 156
description, 156
3D EVUS, 157
fistulas, 157
ultrasonography, 156—157
Wolffan duct, 156
Gastrointestinal stromal tumors (GIST)
description, 188
diagnosis, 188—189
ERUS, 189, 191, 192
size and aggressiveness, 188
GE 4D View Software, 50
GIST. See Gastrointestinal stromal tumors (GIST)
Grading systems, 8

H
High definition anal manometry (HDAM), 200
High definition manometry (HDM), 199

I
IAS. See Inner anal sphincter (IAS)
Injury, LAM
bilateral puborectalis, 76, 78
defect/avulsion, 76
LAA, 76,78
LAD score, 79
MRI and ultrasound studies, 78
scant fibers/muscles, 78
scoring system
apical and paravaginal support defect, 82
bar chart, 80, 81
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3D ultrasound volume, 79, 80
identical levator, 81
LAD, 79
LA deficiency, 79, 80
pelvic floor muscles, 79, 80
pelvic floor support, 81
ROC curve, 81, 82
scatter plot, 79, 81
significant prolapse, 81
Inner anal sphincter (IAS), 203, 205-206

Introital ultrasound. See Transperineal ultrasonography

(TPUS)

L
Levator ani avulsion (LAA), 76, 78
Levator ani muscle deficiency (LAD), 79
Levator ani muscles (LAM)
and aging (see Aging)
BK flex focus ultrasound machine, 71, 72
BK 2052 transducer, 72
BK 8838 transducer, 72, 73
caudad muscles, 73, 74
and endopelvic fascia
abdominal pressure, 12
multicompartmental defect, 14, 15
pelvic organ support, 12
unilateral detachment, 13, 15
unilateral tears, 13, 14
urogenital hiatus, 12, 13
endovaginal 3D volume, 73
interdisciplinary repeatability, 75

interobserver, intra-and interdisciplinary repeatability,

75,77
means and standard deviations (SD), 75, 76
muscle subdivisions and defects, 32
pubic symphysis and urethra, 32
scant fibers and perineal body, 74
tissue penetration, 37
ultrasound imaging, 69, 70
ultrasound volume, 75
Levator plate angle (LPA)
endoanal views and anal complex, 37, 41
MLH (see Minimal levator hiatus (MLH))
Levels of support
DeLancey level 1
cardinal and uterosacral ligaments, 6
and levator ani muscles, 6
paracolpium and uterosacral ligaments
cephalad, 9
stretching and failure, 5
uterosacral and cardinal ligaments, 5
DeLancey level 11
paravaginal area and failure, 7
posterior arcus, 9
pubocervical fibromuscularis, 5
rectovaginal fibromuscularis, 5
DeLancey level 111
perineal membrane caudad, 9
vaginal wall, 5

M
Macroplastique (MPQ) bulking agent injection
cutoffs area, 149
2D dynamic assessment, 150
3D EVUS, 147, 149-150
intrinsic sphincter deficiency, 147
optimal site, 147

performance, 3D transperineal ultrasound, 148—149

periurethral distribution, 147-148
procedure, 147
urethrovesical junction, 147
volume measurements, 149
women, 149
Malignant vaginal masses
3D EUVS, 158
lesions, 158
squamous carcinoma, 158
Manometry
anal sphincter complex, 199-200
cranial movement, anorectal angle, 199
evaluation, anal sphincter complex, 198
HDM, 199
MRI, 198
pelvic floor contraction, 199
POP-Q, 198
pubovisceralis, 199-200
vaginal high-pressure zones (HPZs), 198-199
Maximum intensity projection (MIP), 96
Meshes, pelvic organ prolapse surgery
advantages, 3D ultrasound, 144
audit transobturator, 144—145
axis changes, Valsalva, 145
dynamic functional assessment, 144
implementation, 144
multicompartment imaging, 144, 145
revision surgery, 144
Minimal levator hiatus (MLH)
anorectal angle, 83
anterior posterior (AP) line, 84
axial plane, 84
Cadaver dissection, 86
investigators measurement, 87
midsagittal plane, 84
PLURAL plane, 87
pubic symphysis, 83, 84
puborectalis muscle, 83
“pubovisceralis enthuses”, 86
right sagittal view, 86
transvaginal 360° ultrasound, 84, 85
ultrasound showing plane, 85

Multicompartmental ultrasonographic techniques

2D/3D endovaginal anterior compartment imaging

anterior compartment imaging with 8838
probe, 31, 33

8838 probe, 31, 32

8848 probe, 31, 32

8848 probe vaginal placement, 31, 32

2D/3D endovaginal posterior compartment imaging

posterior compartment endovaginal 2D/3D

imaging, 32, 35
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Multicompartmental ultrasonographic techniques (cont.) mesh erosions, estrogen treatment, 197
posterior compartment imaging with 8838 midurethral sling materials
probe, 32, 35 real-time visualization, 198
posterior compartment structures, 32, 35 synthetic implants, 197-198
8848 probe vaginal placement, 32, 34 needle localization, 196
2D transperineal functional imaging prolapse, 197
abdominal probe, 30, 31 rectovaginal fistula tracts, 198
BND, 29 TPUS function, 196

forms of cystocele, 30
pelvic floor function, 30

8802 probe position, 30 P
probe surface, 29 Pelvic floor biometry
pubic symphysis, 30, 31 anterior compartment, 68
360 endoanal imaging, 3D apical segment, 6, 8
advancement, endoanal probe, 34, 40 bladder neck and urethral mobility, 55
endoanal views, levator plate and anal complex, compartmentalization, 3
37, 41 disorders, 1
radial electronic probe, 33 endopelvic fascia and levator ani interactions, 12—14
rectovaginal septum, 34 fresh frozen pelvis, 5, 6
sample step description, 34, 39 functional anatomy, 1
8838 view, perineal area upon anal entry, 37, 41 lateral compartment and elevator ani muscles, 11-12
360 endovaginal imaging, 3D left lateral standing anatomic depiction, 5
correct placement of an endovaginal probe, 32, 37 levator ani subdivisions, 5, 6
levator ani subdivision, 32, 38 levator plate, 14, 15
2052 probe vaginal placemen, 32, 36 measurements, 55
8838 probe vaginal placement, 33, 39 midsagittal anatomy, 3
sample step description, 32, 39 nerves, 14-15
two handed operation, probe and machine, 33, 40 organs, 2—4
water-soluble lubricant, 32 perineal membrane, 8
patient positioning, 28, 30 POP, 1
Multicompartment endovaginal imaging posterior compartment and perineal membrane, 9-11
advantages and disadvantages, 134 posterior urethrovesical angle measurement
anatomical examination with probes, 134 method, 55, 58
biologic grafts (see Biologic grafts, POP surgery) post-hysterectomy, 1
bulking agents, 134 pubocervical fascia, 3
3D EVUS, 134 pubocervical fibromuscularis, 2
diagnosis and treatment, 150 puborectalis, 59
management, pelvic floor dysfunction, 134 pubovisceralis muscle, 59
meshes (see Meshes, pelvic organ prolapse surgery) rectovaginal fascia, 2
slings (see Slings, multicompartment endovaginal retropubic anatomy, 3
imaging) right hemipelvis, fresh frozen pelvis, 5, 6

sagittal bladder neck, 58, 59
suspension bridge analogy, 4, 5

(0] symphysis, 55

Obstruction defecation syndrome (ODS) symphysis and bladder neck, 55
description, 172 symphysis pubis, 59
echodefecography (see Echodefecography) ultrasound imaging, 5, 6
and ERUS, 173 urethral height (H), 55
mechanical causes, 172-173 uterosacral-cardinal ligament complex, 4
MRI, 173 vaginal manometry, 60
pathogenesis, 172 Pelvic floor disorders, TLUS/TPUS
prevalence, 172 anal sphincter complex and anal canal
symptoms, 172 EAS, 61, 62

ODS. See Obstruction defecation syndrome (ODS) endoanal ultrasound, 63

Operative ultrasound, pelvic floor imaging levator ani activity, 60
advantages, 196 normal anal canal, 61
botulinum toxin A, 196 offline assessment, 61
3D endovaginal ultrasound guided-injection, 196 sagittal or axial orientation, 60
J-hook needle insertion, puborectalis muscle, 197 biometry (see Pelvic floor biometry)

levator ani muscles repair, 196—197 3D US and MRI, 63
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evaluation and treatment, urinary incontinence, 63—64
(levator) hiatus and pelvic floor musculature, 60
pelvic floor biometry (see Pelvic floor biometry)
and pelvic organ prolapse, 64—65
Pelvic floor dyssynergy
ARA measures, 119, 126
evaluation, 117
levator ani muscles, 126
levator coactivation, 127
posterior compartment abnormalities (see Posterior
pelvic floor compartment, 3D EVUS)
straining, 126-127
Pelvic floor hiatus, 3D TPUS
post-processing rotation, 54
rotation techniques, 54-58
static 3D volume, 54, 55
symphysis pubis, 54
tomographic function, 54
volume post-processing, 54, 56
Pelvic floor ultrasound
clinical assessment, 45
color flow imaging and quantitative
Doppler modes, 195
cost, 195
2D abdominal transducers, 196
defecography, 45
development, twenty-first century, 195-196
3-D EVUS (see 3D endovaginal ultrasound (3D
EVUYS))
3D fetal imaging, 196
dynamic MRI imaging, 45
elastic properties, 206-207
endocavitary and RTE (see Elastography)
harmonic imaging, 195
impacts, 195
investigation, 206207
levator ani muscles, 207
manometry, 198-200
medical imaging device, 1960s, 195
MRYI, 45
axial T2-weighted image, 201, 202
3D imaging modality and DTI, 200-201
and TPUS, 200
multichannel systems, 1970s, 195
operative (see Operative ultrasound, pelvic floor
imaging)
supporting, 207
TLUS (see Translabial ultrasonography (TLUS))
TPUS (see Transperineal ultrasonography (TPUS))
urinary, defecatory and pain symptoms, 45
Pelvic organ prolapse (POP), 96
Pelvic organ prolapse quantification (POPQ)
system, 8, 65
Perianal abscesses and fistulas
anorectal types, 177
classification, 177-178
differentiation, 179
EAUS
acute abscess, 178
advantages and disadvantages, 181, 182

anal sphincters, 178
diagnosis, 180-181
gas and wave, 181
perianal sepsis, 178
tracts, 181-182
infection, glands, 177
pathogenesis, 177
primary tract classification, 179
relationship, 178
sphincters, 177
tracts classification, 179, 180
Perineal membrane
levels of support, 8
posterior compartment, 911
and posterior compartment
cadaveric specimen, 11
combined perineocele/rectocele, 9, 10
EAS subdivisions, 11
international standardized terminology, 11
puboperinealis fibers, 11
rectovaginal fibromuscularis, 9
rectovaginal septum, 9
urogenital diaphragm, 8
Perineal ultrasound
3-D EVUS (see 3D endovaginal ultrasound
(3D EVUS))
urethrovesical angle measurement method, 55, 58
PI. See Pulsatility index (PI)
POP. See Pelvic organ prolapse (POP)
Posterior pelvic floor compartment, 3D EVUS
assessment, 130-131
levator ani deficiency, 127
levator plate function, 128
midsagittal plane, 127
minimal levator hiatus and flattening plate, 128
relationship, pubic symphysis and PLURAL line,
127-128
squeezing, 128, 129
synthetic mesh, 128, 130
TPUS, 128, 129
Presacral neoplasia
characteristics, 187
cystic lesions and classification, 187
3D-ERUS
cyst development, 187, 188
lesion, 187, 189
rectal wall invasion, 187, 190
location, 187
teratoma, 187
Pulsatility index (PI), 103

R
Rare tumors
angiosarcoma, 191, 193
GIST (see Gastrointestinal stromal tumors (GIST))
rectal leiomyoma and leiomyosarcoma,
187-188, 191
rhabdomyosarcoma, 191
schwannoma, 191



236

Index

Rectal intussusception, anorectum
endovaginal ultrasound, 124, 126
translabial ultrasound, 121, 123

Rectocele, anorectum
endovaginal ultrasound, 124, 125
translabial ultrasound, 120-121

Rectovaginal endometriosis
description, 158
3D EUVS, 159
diagnosis, 159
locatin, flat cystic lesion, 159

Region of interest (ROI), 101-103

Resistance index (RI), 103

Retropubic anatomy, 3

Retrorectal tumor
endometriosis

deep, 185
definition, 185
3D-ERUS, 186-187
locations, 185
scanning, 185-186
presacral neoplasia (see Presacral neoplasia)
Rhabdomyosarcoma, 191
RI. See Resistance index (RI)

S
Schwannoma, 191
Skene cyst
asymptomatic, 154-155
3D endovaginal ultrasound, 155
infection, 154
MRI and CT, 155
palpable painful mass, 155
paraurethral glands, 154
Slings, multicompartment endovaginal imaging
3D EVUS
axial and coronal planes, 137
biomechanical characteristics, 134
bladder neck, 136, 137
external mover, 136
retropubic and transobturator, 135, 137
sagittal plane, 136
360° scan, 136
180° scan, anterior compartment, 135
single incision sling arm, 136, 137
surgery, 134
transobturator and TVT, 136
2D functional assessment
bladder neck, 138
cineloops, midsagittal plane, 136—137
cough and valsalva maneuvers, 138
transobturator surgery, 138
TVT, 138
location determination, failure
controversy, 139
cough and Valsalva, 140
3D EVUS, 140

dynamic compression, 139
elasticity and flexibility, 141
stitching, 140

suburethral pubovaginal sling procedure, 140141

suture-fixation, 140
tape percentile, 141
transobturator surgery, 139-140
transperineal ultrasound, 140
TVT, 140
urethral pressure and urethrocystography, 140
transperineal and endovaginal ultrasound, 143-144
treatment planning
complication, 141-142
voiding dysfunction, 142-143
unknown sling type
elasticity and deformability, 139
endovaginal ultrasound, 138-139
I-STOP, 139
multicompartment 3D imaging, 139
retropubic/transobturator, midurethral, 139
Stress urinary incontinence (SUI), 96
SUI See Stress urinary incontinence (SUT)
Suspension bridge
compartments, pelvic floor, 5
human female pelvic floor structures, 3, 4

T
Tension-free vaginal tape (TVT), 63, 133
Three-dimensional endoanal ultrasound (3D-EAUS)
digital rectal examination, 164
fecal incontinence (see Fecal incontinence (FI))
multiplanar, 167, 168
obstruction defecation (see Obstruction defecation
syndrome (ODS))
performance, 164
perianal abscesses and fistulas, 177-182
Three-dimensional pelvic floor ultrasound. See Pelvic
floor ultrasound
TLUS. See Translabial ultrasonography (TLUS)
TOT. See Transobturator tape (TOT)
TPUS. See Transperineal ultrasonography (TPUS)
Translabial ultrasonography (TLUS)
BK 3D convex 8802, perineum
pelvic floor imaging, 119
sagittal plane, 119, 120
transperineal imaging, 120
2D
anterior vaginal mesh, 47, 48
dynamic imaging, 47
imaging, pelvic floor structures, 46
multicompartmental defects, 47, 48
multicompartmental imaging, 46
pubic symphysis and levator plate, 46, 47
Valsalva, patient, 47
3D/4D
BK ultrasound machine, 47, 49
characteristics of GE RAB4-8-RS, 50, 51
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3D pelvic floor volume acquisition, 50, 51
freehand translabial acquisition, 48
GE RAB4-8-RS transducer, 49, 50
GE RIC5-9W-RS transducer, 49
GE’s Voluson series systems, 49
left-handed application of the transducer, 50, 51
superficial axial plane, 47
2D imaging, 117
enterocele (see Enterocele, anorectum)
GE 4D View Software, 50
performance, 118
rectal intussusception, 121, 123
rectocele, 120-121
and TPUS, 119
Transobturator tape (TOT), 133
Transperineal functional imaging, 2D
abdominal probe, 30, 31
BND, 29
forms of cystocele, 30
pelvic floor function, 30
8802 probe position, 30
probe surface, 29
pubic symphysis, 30, 31
Transperineal ultrasonography (TPUS)
curved array and/or endovaginal transducers, 50
2D technique, orientation
anorectal structures, 52
anorectum, 53
endovaginal transducer, 52
pelvic floor hiatus, 53
3D TPUS
pelvic floor hiatus (see Pelvic floor hiatus,
3D TPUS)
technique, 53-54
GE and Phillips abdominal probes, 115-116
pelvic floor anatomy, 116
and pelvic floor disorders (see Pelvic floor disorders,
TLUS/TPUS)
positioning, 50-51
preparation, 52
transducers and probes, 51-52
visualization, perineal body, 116
TVT. See Tension-free vaginal tape (TVT)

U
Ultrasound instrumentation. See Endovaginal and
endoanal instrumentation and techniques
Ultrasound techniques. See Endovaginal and endoanal
instrumentation and techniques
Urethral coaptation, 64
Urethral diverticulum
3D endovaginal ultrasound (see 3D endovaginal
ultrasound)
description, 155
diagnosis, 156
pathogenesis, 156
size, 156
Urethral vascularity
assessment, 100, 109-110
bladder, 96
color Doppler acquisition, 96
individual voxels, 3D-US data volume, 93, 95
MIP, 96
ray/beam-tracing algorithm, 95-96
Urogenital diaphragm, 8

v

Vaginal hematomas and seromas
3D EUVS, 159-160
urogynecologic techniques, 159

Vaginal leiomyoma
3D EVUS, 158
diagnoses, 157
uterine fibroids, 157

Vulvo-vaginal mass
Bartholin gland cyst (see Bartholin cyst)
3D EVUS (see 3D endovaginal ultrasound)
gartner duct (see Gartner duct cyst)
leiomyoma (see Vaginal leiomyoma)
malignant, 158, 159
MRI and CT, 153
rectovaginal endometriosis, 158—159
seroma and hematoma, 159-160
Skene cyst (see Skene cyst)
sonography, 153
urethral diverticulum (see Urethral diverticulum)
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