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Pelvic Floor Dysfunction

Jia Liu

Pelvic floor dysfunction (PFD) is a general term for a variety
of clinical disorders, including urinary incontinence (UI),
pelvic organ prolapsed (POP) (Fig. 49.1), fecal dysfunction,
lower urinary tract sensory and emptying abnormalities, sex-
ual dysfunction, and some chronic pelvic pain syndromes.
More than 15% of multiparous women are affected by the
disease. The risk factors for PFD include vaginal delivery,
multiparity, hysterectomy, advanced age, and chronic
obstructive pulmonary disease, among which vaginal deliv-
ery and advanced age are the most correlated risk factors [1].
With increasing life expectancy, the negative effect of PFD
on the health care system in terms of cost, productivity, and
quality of life is critical. The clinical evaluation of PFD is
mainly performed by using the POP quantification system,
which demonstrated low sensitivity and specificity for the
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diagnosis of complex alterations [2]. The accuracy of clinical
diagnosis directly affects the formulation of surgical plan,
which is also one of the important reasons for associated sur-
gical failure and high recurrence rates. Traditional tech-
niques for PFD include assessment of the bladder and levator
ani muscle (Fig. 49.2) by transvaginal ultrasonography (US),
urodynamic test, and vesicovaginal defecography. During
the pastdecade, three-dimensional (3D) and four-dimensional
(4D) translabial ultrasonography and magnetic resonance
imaging (MRI) have been used to accurately assess pelvic
floor anatomy and function, enabling evaluation of all three
pelvic compartments simultaneously. MRI has excellent soft
tissue and time resolution and can evaluate the organs, mus-
cles, and ligaments in the pelvic cavity in multiplanar with-
out ionizing radiation.
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Fig. 49.1 Multiplanar MRI images of a female patient with pelvic
organ prolapse (POP). (a) Midline sagittal section of a female patient at
rest, this section should encompass the pubic symphysis, bladder neck,
vagina, rectum, and coccyx. “PCL” line is the line from the lower border
of the pubic symphysis to the last coccygeal joint, representing the level
of the entire pelvic floor. Letter “B” in figures represents the lowest point
of bladder neck (white arrow); letter “C” in figures represents the most
inferior and anterior point of the cervix (white arrowhead); letter “R” in
figures stands for anorectal junction (black framed arrowhead). The ano-
rectal angle is within the normal range (asterisk). (b) Coronal T2WI

obtained at rest of a 60-year-old female patient with POP. The iliococ-
cygeus muscle and pubococcygeus muscle (black arrow) can be seen
lost its horizontal configuration. (¢) Sagittal T2ZWI HASTE obtained
during straining. The vortices of urine in the bladder are caused by maxi-
mal straining of patient. The lowest point “B” of the bladder and the
lowest point “C” of the anterior lip of the cervix changed obviously rela-
tive to the PCL. The anorectal angle becomes more obtuse during
squeezing (asterisk). (d) Sagittal T2WI HASTE obtained during squeez-
ing. The anorectal joint is higher and the angle becomes more acute than
that in a. (e) Deformation of the vaginal fornix (asterisk)
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Fig.49.1 (continued)

Fig. 49.2 Imaging anatomy of levator ani muscle. (a) Coronal T2WI
obtained at rest of a 52-year-old healthy woman. The bilateral iliococ-
cygeus muscle and pubococcygeus muscle can be seen clearly (black
long arrow), which having a horizontal orientation. The “U” shape of

the puborectalis muscle with detachment of the right aspect of it can be
seen in an axial T2WI (b). (¢) Midsagittal T2ZWI. The levator plane is
seen posterior to the rectum and anterior to the coccyx (white
arrowhead)
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Fig.49.2 (continued)

49.1 Imaging Analysis

The pelvic floor is a dynamically balanced three-dimensional
structure. The pelvic floor is divided into three major com-
partments: (1) anterior: urinary bladder, urethra, and urethral
support system; (2) middle: vagina (anterior and posterior
wall) and uterocervical support; and (3) posterior: rectum
and support structure. The main support structures are the
endopelvic fascia and ligaments, the pelvic diaphragm, and
the urogenital diaphragm from cranial to caudal. The support
structures of the pelvic floor consist of a complex interaction
among the bones, muscles, ligaments, and organs. The path-
ological features of PFD generally affect the interrelated net-
work of them and result in structural damage and dysfunction
in three pelvic compartments [3].

MRI protocols of PFD consist of static sequences and
dynamic sequences. Dynamic MRI examination is per-
formed while the patient is squeezing, straining, and defeca-
tion. The findings seen on high-resolution T2-weighted
images obtained at rest are helpful for anatomic evaluation.
This mainly include puborectalis muscle, pubococcygeus
muscle, iliac coccygeus muscle, levator plate, etc. The
assessment should be focused on: (1) the structural and sig-
nal intensity, symmetry, and thickness of bilateral puborecta-
lis muscle, pubococcygeus muscle, and iliac coccygeus
muscle; (2) the levator plate tends to be vertical and is no
longer roughly parallel to the upper half of the vagina; and
(3) vagina loses its “H” shape on axial images [4].

Steady state (e.g., FISP, GRASS, FFE, PSIF, SSFP,
T2-FFE) or balanced state free precession sequences (e.g.,
True-FISP, FIESTA, B-FFE) in sagittal plane is recom-
mended for dynamic sequences (squeezing and straining)
and evacuation sequence [5]. Interpretation of pelvic floor
MRI requires a standardized approach. At present, pubococ-
cygeal line (PCL) is the most widely accepted reference line.
It extends from the inferior border of the pubic symphysis to
the last coccygeal joint in the midsagittal plane, represents
the level of the pelvic floor. Before MRI examination,
approximately 180 mL of warm ultrasound gel is injected
into the vagina and rectum in our institution to better display
the organ reference point. In the anterior compartment of the
pelvis, the reference point is the most inferior aspect of blad-
der base. In the middle compartment of the pelvis, the refer-
ence point is the most anterior and inferior aspect of the
cervix or the vaginal posterior apex in patients who have
undergone a hysterectomy. In the posterior compartment of
the pelvis, the reference point is the anterior aspect of ano-
rectal junction. The vertical distance from each reference
point to PCL should be measured. In women with a normal
pelvic floor anatomy, these organ reference points are located
at or above the PCL level. Even in the case of maximum
abdominal pressure, the range of variation not more than
1 cm below the PCL is considered normal. The severity of
pelvic floor organ prolapse can be graded according to “Rule
of three”: prolapse of an organ below the PCL by 3 cm or
less is mild, between 3 cm and 6 cm is moderate, and more
than 6 cm is severe [6, 7]. The change of the anorectal angle
was observed, while the patient is resting and squeezing.
This angle is drawn between the longitudinal axis of the anal
canal and the posterior rectal wall. It normally measures
108°-127° at rest and varies between 15° and 20° during
contraction or defecation. Failure of the anorectal angle to
open (become more obtuse) during defecation and prolonged
and incomplete evacuation of the rectal gel (less than two-
third gel evacuated in more than 30 s) are suggestive of spas-
tic pelvic floor syndrome.

The anterior compartment organ prolapse mainly includes
cystocele (Fig. 49.3) and urethral hypermobility (Fig. 49.4).
Cystocele is defined as greater than 1 cm descent of the pos-
terior bladder wall or bladder neck below the PCL. The grad-
ing standard follows “Rule of three.” Clinically, eversion of
the vaginal mucosa can be seen, and severe cystocele may
cover up urethral hypermobility and impair bladder voiding.
In healthy women, the urethral axis maintains vertical orien-
tation. In patients with urethral hypermobility, there is a
more drastic horizontal clockwise rotation greater than 30°
during strain/evacuation, which can lead to stress urinary
incontinence [8]. Moderate to severe bladder prolapse is usu-
ally associated. It is secondary to loss of periurethral and
paraurethral support. Urethral hypermobility and funneling
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Fig.49.3 Cystocele. Sagittal HASTE image obtained during straining
of a 55-year-old woman with cystocele. The “PCL” line is drawn from
the inferior border of the pubic symphysis to the last coccygeal joint.
Sagittal T2WI image showed the lowest point of the bladder (B), the
vaginal vault (C), and the anorectal junction (R) all located below the
PCL. The distance of Bb was 4.5 cm

Fig.49.4 Urethral hypermobility and urethral funneling. (a, b) Sagittal
HASTE images obtained during straining of a 70-year-old woman and
65-year-old woman with cystocele, respectively. (a) Rotation of the

are associated with stress-induced urinary incontinence and
can lead to urinary tract infections.

The middle compartment organ prolapse mainly includes
uterine prolapse (Fig. 49.5) or vaginal vault prolapse and
peritoneocele. Uterine or vaginal vault prolapse is measured
perpendicularly from the most anterior and inferior aspect of
the cervix or the vaginal posterior apex to the PCL. Grading
of the prolapse is severity according to “Rule of three.” In
healthy women, the pouch of Douglas is normally located at
the level of the posterior vagina fornix. Peritoneocele can be
diagnosed when peritoneal fat and small bowel loop appeared
between rectum and vagina, and the position of small bowel
loop was lower than PCL. These hernias are named accord-
ing to their content (peritoneal fat, small bowel loop, or sig-
moid colon). On dynamic MRI, peritoneocele manifests at
the end of the evacuation phase after emptying of the bladder
and rectum [3].

The middle compartment organ prolapse mainly includes
rectocele (Fig. 49.6) and intussusception (Fig. 49.7). The
most common measurement of rectocele on MRI is the depth
of wall protrusion beyond the expected margin of the normal
anorectal wall. It usually occurs in the anterior wall of the
rectum and occasionally involves the posterior and lateral

urethral axis, even beyond the horizontal position. (b) Dilation of the
proximal urethral lumen and apparent shortening of the urethra



260 J. Liu

Fig. 49.5 Uterine prolapse. A 46-year-old woman with uterine pro- B, C, R located below PCL obviously. Bb, Cc, Rr represent their verti-
lapse. The sagittal T2W1 image (a) obtained at rest showed the lowest  cal distances to PCL, respectively. Rectocele also could be seen in (b).
point of bladder base (letter “B”") and cervix (letter “C”) located above  The'Y line represents the expected margin of the normal anorectal wall.
the PCL, while the anorectal junction (letter “R”) located below it. The ~ The X line represents the depth of wall protrusion beyond the expected
T2WI HASTE image obtained during straining (b) showed all the point ~ margin of the normal anorectal wall

Fig. 49.6 Rectocele. A HASTE T2WI image of a 52-year-old woman

with rectocele. The Y line represents the expected margin of the normal

anorectal wall. The X line represents the depth of wall protrusion  Fig.49.7 Intussusception. A 65-year-old woman with intussusception.

beyond the expected margin of the normal anorectal wall A sagittal True-FISP image during defecation showed a full-thickness
rectal wall prolapse intra-anal involving both the mucosa and muscular
layer. Cystocele also could be seen
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walls. When the outpouching of the rectal wall is less than
2 cm, the rectocele is termed mild, while 2—4 cm is termed
moderate, and greater than 4 cm is severe. Mild rectocele is
more common, with a range of <3 cm, and these are consid-
ered clinically significant only when symptoms develop [9].
Intussusception and rectal prolapse are an invagination of the
rectal wall and can be internal or external. The distance of
parietal inversion from the anal verge can be classified as
intrarectal, intra-anal, or extra-anal. MR defecography has the
potential advantage of clearly distinguishing between rectal
mucosal intussusception and rectal full-thickness intussus-
ception [10]. An intussusception is commonly only visible at
the end of defecation phase, when the gel is evacuated [11].
Dynamic MRI is a helpful diagnostic tool for patients
with multicompartmental pelvic floor abnormalities, or for
those with prior surgical repairs. It has unique advantage
over traditional examinations. Dynamic MR imaging of the
pelvic floor is valuable for selecting candidates for surgical
treatment and for indicating the most appropriate surgical
approach. A standardized MR imaging and reporting of PFD
is crucial to enhance effective communication between the
radiologist and the clinician for the sake of patients’ benefit.
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