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AIM: To determine the accuracy and predictive value of transperineal (TPU) and endovaginal
ultrasound (EVU) in the detection of anal sphincter defects in women with obstetric anal
sphincter injuries and/or postpartum symptoms of faecal incontinence.
MATERIALS AND METHODS: One hundred and sixty-five women were recruited, four

women were excluded as they were seen years after their last delivery. TPU and EVU, followed
by endonanal ultrasound (EAU), were performed using the B&K Viking 2400 scanner. Sensi-
tivity and specificity, as well as predictive values with 95% confidence intervals, for detecting
anal sphincter defects were calculated for EVU and TPU, using EAU as the reference standard.
RESULTS: On EAU a defect was found in 42 (26%) women: 39 (93%) had an external (EAS) and

23 (55%) an internal anal sphincter (IAS) defect. Analysable images of one level of the EAS
combined with an analysable IAS were available in 140 (87%) women for EVU and in 131 (81%)
for TPU. The sensitivity and specificity for the detection of any defect was 48% (30e67%) and
85% (77e91%) for EVU and 64% (44e81%) and 85% (77e91%) for TPU, respectively.
CONCLUSION: Although EAU using a rotating endoprobe is the validated reference standard

in the identification of anal sphincter defects, it is not universally available. However while TPU
and/or EVU with conventional ultrasound probes can be useful in identifying normality, for
clinical purposes they are not sensitive enough to identify an underlying sphincter defect.

� 2011 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
Introduction

Endoanal ultrasound (EAU) was the first sonographic
method used to evaluate the anal sphincter complex and
was responsible for improving our understanding of the
basic concepts underlying the continence mechanism.
Following its discovery in the late 1980s1 it is currently
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regarded as the reference standard for identifying sphincter
defects.2,3 Further introduction of three-dimensional (3D)
volume imaging has enabled accurate diagnostic evaluation
of the full extent of the anal sphincter defect.4 However,
some patients find EAU embarrassing, the equipment is not
universally available, and it requires a trained operator.
Furthermore, the internal probemay cause disruption of the
normal anatomy of the anal sphincter. Therefore, the use of
other imaging techniques, such as endovaginal ultrasound
(EVU)5e15 and transperineal ultrasound (TPU),16e19 have
been described.

In 1994, Sultan et al.5 first described the vaginal approach
to visualize the anal sphincter, using the 360� rotating
Elsevier Ltd. All rights reserved.
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endoprobe also used for EAU. Theywereable to clearly image
the anal canal, submucosa, internal (IAS), and external (EAS)
anal sphincters. They found that, comparedwithEAU, the IAS
was thicker, because the anal sphincter was not stretched by
an internal probe. However, difficulty in interpreting EVU
images has been reported in up to 24% of women.8,9 Further
studies have been able to describe both normal anatomy as
well as anal sphincter disruptionswith EVUusing avaginally
inserted side-fire transrectal probe,10,11 a linear “small parts”
transducer,14 and a standard, vaginal probe,6,12,13,15 the latter
two of which were placed at the vaginal introitus. Frudinger
et al.7 used a 10 MHz rectal endoprobe and a 10 MHz
modified vaginal probe and found that the sensitivity and
specificity of EVU for the detection of IAS defects was 44 and
96% and for EAS defects was 48 and 88%, respectively, taking
EAU as the reference standard.

Following the use of EVU in imaging of the anal
sphincter, Peschers et al.16 first described TPU for imaging
the anal canal using a convex scanner. Using this technique
in both symptomatic and asymptomatic women, they were
able to detect both IAS and EAS defects, with 100% agree-
ment between two examiners for IAS defects and agree-
ment in all but one defect of the EAS. When TPU was
compared with EAU in a group of females complaining only
of urinary incontinence, the sensitivity of detecting
sphincter lesions using TPU was 50% and the specificity
84%.17 However, using TPU, Roche et al.18 recognized all
isolated EAS and combined IAS and EAS defects and all but
one isolated IAS defect.

Endosonographic evidence of trauma to the EAS and IAS
is predictive of faecal incontinence following obstetric anal
sphincter injuries (OASIs).20e23 However, information
regarding the integrity of the anal sphincter is not only
important in symptomatic patients, but also in asymp-
tomatic women for effective counselling regarding mode of
delivery during subsequent pregnancies.24

TPU25 and EVU12,26 have both been used in the post-
partum evaluation of the anal sphincter following vaginal
delivery with or without the presence of OASIs. Further-
more EVU has been described in pregnant women,26 but the
accuracy of both methods in comparison with EAU in these
groups of patients remains to be established.

The aim of this study was to determine the sensitivity,
specificity, and predictive value of TPU and EVU in the
detection of anal sphincter defects, in women following
OASIs and/or presenting postpartum with symptoms of
faecal incontinence.
Materials and methods

All patients were recruited from the one-stop perineal
clinic at Mayday University hospital. The perineal clinic is
a consultant-led clinic for women with perineal complaints
and pelvic floor symptoms that occur during pregnancy or
postpartum. Women who sustain OASIs and have primary
repair are seen in the perineal clinic for routine follow up
between 10 to 12 weeks post-partum. In addition, pregnant
women with previous OASIs are evaluated and counselled
Please cite this article in press as: Roos A-M, et al., The diagnostic accu
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regardingmode of delivery.27 All womenwhowere referred
to the perineal clinic after sustaining OASIs and/or with
post-partum symptoms of anal incontinence, who were
able to understand and read English, were eligible for
participation in this study. This study was granted ethical
approval by the LondoneSurrey Borders Research Ethics
Committee (08/H0806/76).

Clinical history was obtained and a modified St Marks
Incontinence Score28 was completed by the clinician for all
patients. The study was then explained to eligible women
with the aid of an information sheet and informed consent
was obtained. Participants had examinations in the same
order. TPU and EVU were performed first, with the patient
in supine position and EAU was performed with the patient
lying in the left lateral position. The St Marks Incontinence
Scoring system28 scores the type and frequency of anal
incontinence (gas, fluid, solid) and the impact on daily life,
the need to wear a pad or plug, the use of constipating
medication, and the presence of urgency. It gives a total
score from 0 (complete continence) to 24 (complete
incontinence). In the present study the score was modified
by scoring the symptom of faecal urgency on a five-point
frequency scale from 0 (never) to 4 (always), in contrast to
the original scoring of 0 (absent) or 4 (present).

All ultrasound examinations were performed by an
investigator experienced in imaging of the anal sphincter
using the B and K Viking 2400 scanner (Gentofte, Denmark)
fitted with a 3.5e6 MHz (type 8802) convex array trans-
ducer (focal point 40 mm and focal range 10e135 mm),
a 4e9 MHz (type 8806) endovaginal transducer (focal point
35 mm and focal range 4e65 mm) and a 12e16 MHz (type
2050) anorectal transducer (focal point up to 20 mm and
focal range 5e45 mm). Transperineal images were obtained
with the patient in supine position. The convex array
transducer was transversely positioned on the perineum
between the anus and the introitus, and progressively
inclined until the “U”-shaped sling of the puborectalis
muscle was visible. The entire anal canal could be scanned
by changing the probe’s inclination. Endovaginal ultraso-
nographic evaluation was also performed with the patient
in supine position. The endovaginal transducer was placed
vertically on the posterior fourchette in the transverse
fashion, directed posteriorly towards the anal sphincter
complex. Imaging of the complete anal sphincter complex
occurred by changing the probe’s inclination. EAU was
performed with the patient in left lateral position. After
insertion of the transducer up to the level of the anorectal
junction, the crystal assembly was moved inside the
transducer head by pressing the control buttons on the
transducer handle. The transducer itself does not need to be
moved after insertion. All three transducers were covered
with lubricant gel and inserted into a transducer cover also
covered with ultrasound gel.

For all three ultrasound methods two-dimensional (2D)
images of the anal sphincter were collected at four levels.
The first level was the level of the puborectalis portion of
the levator ani muscle, which defines the level of the ano-
rectal junction, and is visible as a “U”-shaped sling. The
external sphincter was further subdivided into three levels:
racy of endovaginal and transperineal ultrasound for detecting anal
016/j.crad.2010.11.017
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deep (proximal), superficial (mid), and subcutaneous
(distal). The deep part can be seen coming forward from
each side of the puborectalis as “wings” to join with the
superficial part, which forms a complete ring around the
anal canal. The subcutaneous level starts at the termination
of the IAS. The normal IAS was seen as a continuous hypo-
echoic band inside the EAS. The normal striated muscle of
the EAS was seen as a band of mixed echogenicity. EVU and
TPU images of an intact deep, superficial, and subcutaneous
level are shown in Figs 1 and 2. A defect was defined as any
discontinuity in the normal appearance of the sonographic
texture of the IAS or EAS (Figs 3 and 4). The images were
orientated such that anterior was at the 12 o’clock position.
For EAU, 3D images were also performed.

After examination, the digital 2D images were made
anonymous and used for analysis. Two of the authors
(A.M.R. and Z.A.) analysed the images independently and
were blinded to each other’s results. Images of the three
ultrasound modes were analysed separately. The two
outcomes were compared and any discrepancies were
arbitrated by one of the senior authors (R.T. or A.H.S.). The
following information was documented of each ultrasound
modality at all four levels: (1) image obtainable, (2) quality
of image permitting analysis, (3) presence of a sphincter
defect, and (4) if a defect was present, the depth and size of
the defect were recorded. All sphincter defects diagnosed
by EAU were classified using the endoanal sonography
scoring system described by Norderval et al.,29 which has
been shown to correlate with symptoms of anal inconti-
nence. This scoring system is calculated by grading the
depth, and maximum radial and longitudinal extension of
both the IAS and EAS defects, in which a total score of
0 represents no defect and a score of 7 a maximal defect.

EVU and TPU were compared to the reference standard
EAU. Sensitivity, specificity, positive and negative predictive
values were calculated. The 95% confidence intervals were
calculated according to the efficient-score method (cor-
rected for continuity) as described by Newcombe.30 The
main determinant of the sample size was the accuracy of
the estimates of sensitivity and specificity. Based on the
assumption of a 30% prevalence of anal sphincter defects in
the population of interest, a sample size of 150 women
would provide 45 womenwith sphincter defects. Forty-five
women with a sphincter defect would give a confidence
interval of 65 to 90% assuming a true rate of sensitivity of
80%. One hundred and five women with an intact sphincter
would provide a confidence interval of 83 to 95% when
assuming a specificity of 90%. A sample size of at least 150
women is therefore likely to provide good accuracy of the
sensitivity and specificity.
Figure 1 An intact sphincter shown at the deep (a), superficial (b),
and subcutaneous (c) level using EVU. E, EAS; I, IAS.
Results

Between January 2009 and May 2010 165 women were
recruited. For this analysis we excluded 4 women as they
were seen in clinic over 12 months post-partum. Of the
remaining161women the reasons for referral to theperineal
clinic were: routine follow-up after OASIs in 98 (61%),
Please cite this article in press as: Roos A-M, et al., The diagnostic accu
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subsequent pregnancy following OASIs in 52 (32%; 46
antenatal, 6 postnatal), and postpartum bowel symptoms in
11 (7%). The mean follow-up after OASIs was 13�11 weeks.
The women in subsequent pregnancies were seen
racy of endovaginal and transperineal ultrasound for detecting anal
16/j.crad.2010.11.017



Figure 2 An intact sphincter shown at the deep (a), superficial (b),
and subcutaneous (c) level using TPU. E, EAS; I, IAS.

Figure 3 A defect in the EAS (between arrows) on EVU (a) and EAU
(b) in an asymptomatic woman seen for follow-up after OASI.
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antenatally between 26e38 weeks of gestation and post-
natally at a mean of 11.7� 2 weeks (SD 2). The women
suffering from bowel symptoms were seen at a mean of
33.5� 22.1 weeks post-partum. The mean age of
Please cite this article in press as: Roos A-M, et al., The diagnostic accu
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participants was 31.5� 5.4 years (range 20e43) and the
main ethnic groupswere Caucasian [n¼ 87 (54%)] and Asian
[n¼ 36 (22%)]. The median modified St Mark’s Incontinence
Score was 0 (range 0e20), with 103 (64%) women having
a score of 0 and 132 (82%) scoring �4.

All three imaging procedures were well tolerated by all
patients and no adverse events were reported. On EAU
a defect was found in 42 (26%) women: 19 (45%) women
had an isolated EAS defect; three (7%) had an isolated IAS
defect; and 20 (48%) had a combined EAS and IAS defect.
Twenty-five (60%) of the defects were found in the group of
women who came for routine follow-up after OASIs, 12
(29%) in the group of women who were seen antenatally in
their subsequent pregnancy following OASIs and five (12%)
in the women with postnatal bowel symptoms. No defects
were found in the women seen postnatally in their subse-
quent pregnancy following OASIs. The median endoanal
sonography score of the sphincter defects seen on EAU was
3 (range 2e7). The score was 2 in seven (17%), 3 in 15 (36%),
4 in seven (17%), 5 in five (12%), 6 in five (12%) and 7 in three
(7%) women. Table 1 lists the defect characteristics of the
score for the women with defects visualized using EAU.
racy of endovaginal and transperineal ultrasound for detecting anal
016/j.crad.2010.11.017



Figure 4 A defect in the EAS (white arrows) and IAS (open arrows) on
TPU (a) and EAU (b) in a woman suffering from anal incontinence,
seen for follow-up after OASI.
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EVU

In one participant the endovaginal transducer was faulty
at the time of examination. She had no defect on EAU. The
results of the analysis of the EVU therefore refer to 160
women.
Table 1
Endoanal sonography scoring system for defects seen on endoanal ultrasound (n

Score 0 Score 1

External anal sphincter
Length of defect 3 (� 50%) 39 (> 50%)
Depth of defect 3 (no defect) 8 (partial (�50

Internal anal sphincter
Length of defect 23 (� 50%) 19 (> 50%)
Depth of defect 19 (no defect) 13 (total and �

radial extensio

Please cite this article in press as: Roos A-M, et al., The diagnostic accu
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The availability and analysability of the endovaginal
images are presented in Table 2. As the subcutaneous level
was only analysable in 61% of women, the presence of
defects was analysed based on at least one available and
analysable level of the EAS combined with an analysable
IAS. This was the case in 140 (87%) women.

EVU revealed anal sphincter defects in 31 (19%) women;
14 (45%) had an EAS defect and 22 (71%) an IAS defect. More
specifically 9 (29%) had an isolated EAS defect, 17 (55%) had
an isolated IAS defect, and five (16%) had a combined defect
of the EAS an IAS. The comparison of EVU with EAU is
presented in Table 3.
TPU

TPU was performed in all participants. The obtainable
images and analysability of the different levels of TPU are
listed in Table 4. The difficulty in analysing the more distal
levels of the anal sphincter is apparent. Therefore the
presence of defects based on at least one obtainable and
analysable level of the EAS combinedwith an analysable IAS
was analysed as was done for EVU. In 131 (81%) women
both the IAS and one level of the EAS were analysable.

On TPU 33 (20%) women were found to have an anal
sphincter defect; 27 (82%) had an EAS defect and 19 (58%)
an IAS defect. More specifically 14 (42%) had isolated EAS
defects, six (18%) had isolated IAS defects, and 13 (39%)
combined defects. The results of the comparison of TPU and
EAU are listed in Table 5.

As can be seen in Tables 3 and 5, a non-analysable result
appears to be related to having a sphincter defect. Therefore
the predictive value (95% confidence interval) was calcu-
lated for a sphincter defect of a non-analysable result. For
EVU this was 55% (32e76%) for any sphincter defect, 45%
(24e68%) for an EAS defect, and 25% (10e49%) for an IAS
defect. For TPU the positive predictive value for a non-
analysable result was 47% (29e65%) for any defect or an EAS
defect, and 23% (11e43%) for an IAS defect.
Discussion

EAU using a rotating probe is the validated reference
standard in the identification of anal sphincter defects.2,3

However, unlike EVU and TPU, the probe is not universally
available in obstetrics and gynaecology units. The use of
¼ 42).

Score 2 Score 3

e e

%)) 27 (total and �90�

radial extension)
4 (total and >90�

radial extension)

e e

90�

n)
10 (total and >90�

radial extension)
e
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Table 2
The ability to obtain and analyse external anal sphincter images as per level on endovaginal ultrasound (n¼ 160).

Deep level Superficial level Subcutaneous level

Image obtainable 153 (96%) 143 (89%) 142 (89%)
Reason image not obtainable Unable to visualize 2 (1%) 2 (1%) 3 (2%)

Image taken at wrong level 5 (3%) 12 (7%) 9 (6%)
Unknown e 3 (2%) 6 (4%)

Image analysable 145 (91%) 130 (81%) 98 (61%)

A.-M. Roos et al. / Clinical Radiology xxx (2011) 1e86
more readily available, conventional probes to evaluate the
anal sphincter could therefore facilitate assessment of the
anal sphincter following childbirth, during subsequent
pregnancies following OASIs and inwomen presenting with
faecal incontinence. Such assessment has been shown to
make a positive contribution to the management and was
useful in counselling women regarding the mode of
delivery in subsequent pregnancies following OASIs.24

Although EVU and TPU to visualize the normal anal
sphincter anatomy as well as its disruptions have been
described in many studies, validation against a reference
standard has not been consistently reported. Some studies
did not confirm any of their findings,6,14,15 while others
were able to confirm TPU16 and EVU11,13

findings in symp-
tomatic women opting for sphincter reconstructive surgery.
The limitation of the latter was that although only some
positive findings were confirmed none of the negative
findings were checked. Previous comparative studies with
EAU and TPU showed sensitivities of 50% in women with
urinary incontinence17 and 83% in a group of post-partum
primiparous patients.18 However, both EAU and TPU were
evaluated at the same time and evaluation of the images
obtained using TPU could therefore have been biased by the
analysis of EAU images. Results of the comparison of EVU
with EAU vary considerably5,8e10 and again results should
be interpreted with caution as sample size was small and
the investigator was not blinded to the EAU results when
evaluating the EVU images. Frudinger et al.7 compared the
Table 3
Comparison of findings on endovaginal ultrasound and endoanal ultrasound (n¼

Endovaginal ultrasound

Defect Int

Endoanal ultrasound
Any defect Defect (n¼ 42) 15 16

Intact (n¼ 118) 16 93

EAS defects Defect (n¼ 39) 9 21
Intact (n¼ 121) 5 105

IAS defects Defect (n¼ 23) 9 9
Intact (n¼ 137) 13 109

PPV, positive predictive value; NPV, negative predictive value.
a Percentage non-analysable images within defects on endoanal ultrasound.
b Sensitivity and specificity of analysable images.
c Percentage non-analysable images within intact anal sphincter on endoanal
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results of EVU and EAU in a small sample of 48 women
where the endovaginal examinations were reviewed by an
observer unaware of the anal endosonographic findings.
They showed that the sensitivity of EVU for the detection of
anal sphincter defects is low (44% for IAS and 48% for EAS
defects), but specificity is high (96% for IAS and 88% for EAS
defects). However, they used a 10 MHz rectal endoprobe
and a 10 MHz modified vaginal probe for EVU and no
studies have been published comparing the findings of EVU
using a standard endovaginal probe to that of a reference
standard.

To date the present study is the largest study with
adequate power comparing TPU and EVU to EAU for
detecting anal sphincter defects. Images of the three ultra-
sound methods were analysed separately ensuring EAU
results could not have influenced the evaluation of the
images obtained using TPU and EVU. It was found that for
the detection of any defect the positive predictive value was
48% for EVU and 54% for TPU, but the negative predictive
value were 85% and 90% respectively. Hence TPU and EVU
are good in detecting normality, as shown by the high
specificity, but the sensitivity for detecting anal sphincter
defects is much lower, especially for EVU

Visualization and interpretation of the anal sphincter
images was found to be difficult with both TPU and EVU,
especially at the more distal levels. Therefore, the presence
of defects in the anal sphincter were compared when at
least one level of the EAS as well as the IAS were adequately
160).

act Non-analysable

11 (26%)a Sensitivity¼ 48% (30e67%)b

Specificity¼ 85% (77e91%)b

PPV¼ 48% (30e67%)
NPV¼ 85% (77e91%)

9 (8%)c

9 (23%)a Sensitivity¼ 30% (15e49%)b

Specificity¼ 95% (89e98%)b

PPV¼ 64% (36e86%)
NPV¼ 83% (75e89%)

11 (9%)c

5 (22%)a Sensitivity¼ 50% (27e73%)b

Specificity¼ 89% (82e94%)b

PPV¼ 41% (21e63%)
NPV¼ 92% (86e96%)

15 (11%)c

ultrasound.
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Table 4
The ability to obtain and analyse external anal sphincter images as per level on transperineal ultrasound (n¼ 161).

Deep level Superficial level Subcutaneous level

Image obtainable 156 (97%) 153 (95%) 143 (89%)
Reason image not obtainable Unable to visualize 2 (1%) 2 (1%) 3 (2%)

Image taken at wrong level 3 (2%) 3 (2%) 6 (4%)
Unknown e 3 (2%) 9 (6%)

Image analysable 135 (84%) 131 (81%) 87 (54%)
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visualized. Adequate images were not obtainable in 19% and
13% of women using TPU and EVU, respectively. Although
a non-analysable result could imply missing a potential
defect, it is not wrongly classifying a sphincter defect as an
intact sphincter and therefore it was analysed separately.
Having a non-analysable result appeared to be related to the
presence of a sphincter defect (Tables 3 and 5) and the
predictive value for a sphincter defect was comparable for
positive and non-analysable TPU and EVU findings.

The most probable reason for difficulty in analysing the
distal levels of the anal sphincter complex is related to the
exaggerated angle of inclination of the external probe with
consequent loss of acoustic contact. This could have resul-
ted in application of greater pressure, leading to deformity
particularly of the IAS and leading to artefacts. Furthermore,
it is sometimes difficult to image the posterior and lateral
parts of the EAS, although this is of relatively minor
importance as the focus in this group of patients is on the
anterior part of the anal sphincter. Difficulty in analysing
images of EVU was previously reported in 23e24%, in
studies using the rotating endoprobe.8,9 This was attributed
partially to a learning curve,8 but also lack of acoustic
contact within the vagina9 and limitation in viewing the
dorsolateral part of the EAS caused by the focal range of the
transducer.8 A further study by Frudinger et al.7 using
a rotating endoprobe found only 6% of endovaginal images
was not analysable. However, they stated that the normal
anatomy limits EVU to imaging only the proximal level of
Table 5
Comparison of findings of transperineal ultrasound and endoanal ultrasound (n¼

Transperineal ultrasoun

Defect Inta

Endoanal ultrasound
Any defect Defect (n¼ 42) 18 10

Intact (n¼ 119) 15 88

EAS defects Defect (n¼ 39) 15 10
Intact (n¼ 122) 12 94

IAS defects Defect (n¼ 23) 8 8
Intact (n¼ 138) 11 104

PPV, positive predictive value; NPV, negative predictive value.
a Percentage non-analysable images within defects on endoanal ultrasound.
b Sensitivity and specificity of analysable images.
c Percentage non-analysable images within intact anal sphincter on endoanal
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the anal canal. The anal canal cannot be scanned in a plane
parallel to its axis using EVU as the vaginal axis is divergent
from that of the anal canal. Using the standard endovaginal
probe Sandridge et al.6 found five out of 70 examinations
were unsatisfactory for assessment of the EAS. However,
these previous studies did not describe and analyse all
three levels of the EAS as done in the present study. In fact
studies using EVU and TPU are variable in terms of reporting
levels. Most studies do not describe any anal sphincter
levels5,8e10,14,17,25 or when they do report on imaging
different transverse planes, they do not include the subcu-
taneous level.6,12,13,15 Peschers et al.16 report visualizing the
anal canal from the puborectalis to the subcutaneous EAS,
but provided no data on images at each level. Only one
previous study using TPU has described visualization of the
three levels of the EAS including the subcutaneous level18

and was able to obtain images of all three levels for all 20
nulliparous as well as all 20 primiparous participants.

The generalizability of the results of the present study is
limited because the findings are dependent on the type of
equipment used, the training of the operators, and the
population studied. Positive and negative predictive values
are dependent on the prevalence of the disease and can
therefore only be generalized to populations with the same
prevalence of anal sphincter defects. The present study
population consisted of mostly asymptomatic, young
women, and predictive values might be different in an
older, more symptomatic population. The sensitivity could
161).

d

ct Non-analysable

14 (33%)a Sensitivity¼ 64% (44e81%)b

Specificity¼ 85% (77e91%)b

PPV¼ 54% (37e71%)
NPV¼ 90% (82e95%)

16 (13%)c

14 (36%)a Sensitivity¼ 60% (39e78%)b

Specificity¼ 89% (81e94%)b

PPV¼ 55% (36e74%)
NPV¼ 90% (83e95%)

16 (13%)c

7 (30%)a Sensitivity¼ 50% (25e74%)b

Specificity¼ 90% (83e95%)b

PPV¼ 42% (21e66%)
NPV¼ 93% (86e97%)

23 (17%)c

ultrasound.
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also have been affected by the size and depth of the defects
studied. Most defects were of �90� radial extension. It is
possible that unlike with EAU, smaller defects may not be
apparent with TPU and EVU because the anal sphincter is in
a relaxed state without anal distension.

To ensure quick patient turnover, in our busy perineal
clinic, the same physician performed all ultrasound exam-
inations for the same patient. To reduce bias caused by
information gathered during history taking, and performing
EAU, the images were evaluated at a different time.

Examination of post-partum and antenatal women
following OASIs and/or those presenting with post-partum
anal incontinence using a standard and readily available
perineal or vaginal probe can be used as a screening
method. If TPU or EVU reveals an intact anal sphincter no
further tests are necessary. If a defect is seen or if the image
taken is not analysable, further investigation with EAU is
recommended. However, one should be aware that when
using these methods not all anal sphincter defects will be
identified. The recent use of 3D TPU in post-partumwomen
is promising,31 but needs to be compared to EAU.

In conclusion, EAU using a rotating endoprobe is the
validated reference standard in the identification of anal
sphincter defects. However, this technique is not available
universally and anal sphincter imaging has also been per-
formed using conventional probes. The present compara-
tive study has shown that if EAU is unavailable TPU and/or
EVU can be useful in identifying normality, but it is not
always possible to identify an underlying sphincter defect.
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