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Abstract
Introduction: This study aimed to determine the additional time needed to perform an endometriosis transvaginal ultrasound

(eTVUS) compared to routine transvaginal ultrasound (rTVUS).

Methods: A retrospective case–control study was performed. The study group included 199 eTVUS performed between September
2019 and September 2020. The control group comprised 105 consecutive rTVUS studies performed in the same time period. The

time stamps on the ultrasound images of all cases in both groups were reviewed to determine the time taken to perform each

study. Mean, median, minimum and maximum scan times for both groups were calculated as was percentage difference between

scan times. A two-tailed, unpaired t-test of the normalised data and a Mann–Whitney U test assessing time difference of scans

between two groups were performed with P value <0.05 considered statistically significant.
Results: Performing eTVUS took significantly longer than rTVUS with increases in the mean (8.4 vs 13.8 min, 64%), median (7 vs

12 min, 71%), minimum (4 vs 7 min, 75%) and maximum (19 vs 42 min, 121%) scan times. The Mann–Whitney U test indicated a

statistically significant difference in the median scan times (5.0, CI 4.0–6.0), P < 0.001. An independent t-test of the normalised

data revealed a significantly larger mean scan time for eTVUS than rTVUS, Mean = 9.05 95%CI [13.17–4.94], t(302) = 4.327, P <
0.001. R2 = 0.583.

Conclusion: Endometriosis transvaginal ultrasound added an average 5.4 min to rTVUS, which is statistically significant. For

ultrasound departments wanting to offer this technique, doubling the scan time allocated to perform a transvaginal ultrasound

(TVUS) is suggested.
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Introduction
Ultrasound is the front-line imaging modality in the assessment
of all gynaecological conditions, with transvaginal ultrasound
(TVUS) being the imaging modality of choice.1 Endometriosis
is one such gynaecological condition, affecting 1 in 9 women
and female-born people,2 with the ovaries, posterior cul-de-sac
and uterosacral ligaments the most commonly affected sites.3

Typical symptoms of endometriosis include pelvic pain,

abnormal uterine bleeding and subfertility.3 As such, many
people with endometriosis will present for ultrasound scans to
assess for the cause of these symptoms. Despite the frequency
of endometriosis, an assessment of the anterior and posterior
compartments is not a routine inclusion in Australasian or
American gynaecological ultrasound guidelines,1,4 even with
many studies to date showing good diagnostic accuracy for this
technique.5–10 Skill of the sonographer and sonologist/radiolo-
gist,11–13 clinical knowledge,13 scan time availability and lack of
adequate Medicare reimbursement14 are all factors which can
pose a barrier for the performance of a comprehensive
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examination for endometriosis, including an assessment of the
anterior and posterior compartments, as part of a routine pelvic
ultrasound. As many ultrasound departments experience very
high patient loads, finding the additional time needed to
extend scans can be challenging. However, with clinical and
consumer awareness of endometriosis growing,2 there is
momentum from both professionals and consumers alike to
have an assessment for endometriosis during TVUS performed
when indicated or even routinely.15 This study aims to deter-
mine the additional time needed for a sonographer to perform
a TVUS including an assessment for deep endometriosis in
comparison with routine transvaginal ultrasound (rTVUS)
within a specialised women’s imaging practice.

Methods

Study design
A retrospective case–control study was performed. The
study group included patients who underwent endometriosis
transvaginal ultrasound (eTVUS), performed by one of three
experienced sonographers (AD, CP or AC), at a private women’s
imaging clinic in Adelaide, South Australia. The control group
was comprised of cases who underwent a rTVUS at the same
practice by the same three sonographers in the same time period.
The three sonographers had between 10 and 25 years of experi-
ence performing gynaecological ultrasound and had each per-
formed >1000 eTVUS examinations previously.

Transvaginal ultrasound protocol
All cases were scanned according to the standardised protocols
of the practice, based on current guidelines.1,16 The scanning
protocols employed for both the rTVUS and eTVUS are out-
lined in Table 1.
The rTVUS was performed in line with the guidelines of the

Australasian Society of Ultrasound in Medicine (ASUM)1 with
TVUS only being performed unless the patient did not consent
to TVUS or the entirety of the uterus and ovaries could not be
assessed via TVUS (e.g. when large fibroids were present).1

Scans were routinely performed with an empty bladder to opti-
mise both patient comfort and improve visualisation of the
uterus and ovaries. For rTVUS, the uterus, endometrium and
ovaries were measured and assessed for signs of pathology. A
three-dimensional volume of the uterine cavity was
obtained. Mobility of the ovaries was tested with probe pres-
sure and site-specific tenderness (SST) noted. Status of the ‘slid-
ing sign’17 was investigated, and the pouch of Douglas (POD)
was assessed for the presence of fluid only.
eTVUS was performed in line with the International Deep

Endometriosis Assessment (IDEA) group consensus.16 eTVUS
studies were acquired as per the rTVUS, with the addition of a
dedicated assessment of the anterior compartment (bladder,
ureters and vesicouterine space) and the posterior compart-
ment (rectovaginal septum, rectosigmoid colon, uterosacral

ligaments/torus uterinus and posterior vaginal fornix)
(Table 1). The POD was assessed for both the presence of fluid
and endometriotic nodules during the eTVUS protocol. No
bowel preparation was used for the assessment of the rectosig-
moid colon.

Table 1: The scanning protocols used for both rTVUS and eTVUS.

Protocol inclusion rTVUS eTVUS

Uterus + volume
measurement

U U

Cervix U U

Colour Doppler
assessment of
cervix

U U

Endometrium +
thickness
measurement

U U

Colour Doppler
assessment of
endometrium

U U

3D volume of uterine
cavity

U U

Ovaries +volume
measurement

U U

Ovarian mobility U U

Ovarian site-specific
tenderness

U U

Uterine sliding sign U U

Pouch of Douglas Assessed for fluid
only

Assessed for fluid and
nodules of

endometriosis

Vaginal wall/posterior
vaginal fornix

✗ U

Uterosacral
ligaments/torus
uterinus +
measurement

✗ U

Rectosigmoid colon ✗ U

Rectovaginal septum ✗ U

Bladder ✗ U

Ureters ✗ U

Vesicouterine space ✗ U

Bladder mobility ✗ U

rTVUS, routine transvaginal ultrasound; eTVUS, endometriosis transvaginal
ultrasound.
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Scans were performed using a Philips Epiq Elite ultrasound
system with a C10-3MHz 2D transvaginal transducer or a C8-
5 MHz 3D transvaginal transducer (Philips Medical Systems,
Andover, MA, USA), a Philips IU22 ultrasound system with a
C10-3 transvaginal transducer (Philips Medical Systems) or a
GE Voluson E10 with a 5-8 MHz transducer (GE Healthcare,
Chicago, IL, USA).

Case identification and data collection
A sample size calculation was performed prior to data collec-
tion using G-power software,18 which found for a power of 0.95
and an effect size of 0.5, and a minimum sample size of 105 was
needed for each group.
Data were retrospectively collected from the practice picture

archiving computer system (PACS) and Contrast ONE (Con-
trast Imaging solutions, Brisbane, Australia). The study group
(eTVUS) was comprised of 201 consecutive cases who pre-
sented for TVUS with a clinical suspicion of endometriosis
between September 2019 and September 2020 inclusive. The
cases in the control group were identified by performing a fil-
tered search of reports for pelvic ultrasounds within the same
data range, where the reports did not contain the word ‘en-
dometriosis’, which excluded any cases who underwent eTVUS.
Consecutive records of 127 cases were reviewed until 105 cases
had been identified to form the control group. Two cases were
excluded from the eTVUS group, resulting in the scan times
from 199 cases being included (Table 2).
The time stamps on the ultrasound images of all cases in both

groups were reviewed. The start time was defined as the earliest
time stamp on stored images. The end time is defined as the lat-
est time stamp on stored images. Scan times were recorded in
whole minutes only. If images in addition to TVUS were per-
formed (e.g. pelvic floor, kidneys, transabdominal imaging),
only the time taken for the TVUS segment was included. Data

were double entered for quality assurance. Cases were
excluded if: time stamps were not visible, studies were only per-
formed transabdominally, TVUS was incomplete, or scans took
place over two episodes. The reasons for exclusion from the
final analysis can be seen in Table 2.

Statistical analysis
Mean, median, minimum and maximum scan times for both
groups were calculated as was percentage difference between scan
times for the two groups. Data were checked for normalcy. The
non-normally distributed raw data were analysed using a two-
tailed unpaired non-parametric test (Mann–Whitney U test)
assessing time difference of scans between the two groups (rTVUS
vs eTVUS), with a P value <0.05 considered statistically significant.
The data were also transformed, and the normalised data analysed
using a two-tailed, unpaired parametric t-test. Statistical analysis
was performed using GraphPad Prism version 8.0.0 for Windows
(GraphPad Software, San Diego, CA USA).

Ethical approval
This project was approved by the University of South Australia
Human Research Ethics Committee (project number 204082).

Results
The distribution of scan times for both groups can be seen in
Figures 1 and 2. Performing eTVUS took significantly longer
than performing rTVUS with increases in the mean (8.4 vs
13.8 min, 64%), median (7 vs 12 min, 71%), minimum (4 vs
7 min, 75%) and maximum (19 vs 42 min, 121%) scan times as
outlined in Table 3. The data did not follow a Gaussian distri-
bution (Figure 2). The Mann–Whitney U test indicated that
there was a statistically significant difference in the median scan
times of 5.0 min (CI 4.0 = 6.0), U (NRTVS = 105, NETVS = 199)
= 3243, P < 0.001.
An independent t test of the normalised data revealed that

eTVUS took significantly longer than rTVUS, Mean = 9.05 95%
CI [13.17–4.94], t(302) = 4.327, P < 0.001. R2 = 0.583. Overall,
the mean eTVUS time was 5.4 min longer than the mean time
of rTVUS.
When broken down by the performance of the individual

sonographers, similar trends were noted as outlined in Table 3.

Discussion
This study has shown that performing eTVUS adds a statisti-
cally significant amount of time to rTVUS with a 71% increase
in the median scan times and 64% increase in the mean scan
times. To the best of our knowledge, this is the first paper pub-
lished to date assessing the additional time burden of perform-
ing eTVUS in comparison with rTVUS. When broken down
between individual sonographers as outlined in Table 3, there
was a discrepancy between the percentage differences seen
between sonographer B and sonographer C (mean 97% vs 43%,
median 100% vs 41%, minimum 100% vs 75% and maximum

Table 2: Reasons for exclusion of cases.

Excluded cases

Reason rTVUS group eTVUS group

TA only 5

Incomplete TVUS 7

No time stamps 1 1

Different sonographer 6

Endometriosis scan 1

Early pregnancy scan 2

Scan performed over
two episodes

1

Total 22 2

TA, transabdominal ultrasound; TVUS, transvaginal ultrasound; rTVUS, routine
transvaginal ultrasound; eTVUS, endometriosis transvaginal ultrasound.
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180% vs 40%). As scan times typically were relatively quick
(rTVUS mean 8.4 min vs eTVUS mean 13.8 min), these differ-
ences were not as stark when comparing the minute values.
A strength of this study was its large sample size in both the

study and control groups. This large sample size suggests our

Figure 1: F A box and whisker plot of the distribution of scan times for
both the rTVUS and eTVUS group.

Figure 2: A histogram of the frequency distribution of scan times for
both the rTVUS and eTVUS group. The data do not follow a Gaussian
distribution.

Table 3: Scan times for both groups with simple statistics (mean,
median, minimum and maximum) plus absolute and percentage differ-
ences between the groups.

Scanning times (min)

rTVUS eTVUS Difference
(%)

All sonographers

n 105 199 –

Mean (�SD) 8.4 (�3.2) 13.8 (�5.2) 5.4 (64%)

Median 7 12 5.0 (71%)

Minimum 4 7 3.0 (75%)

Maximum 19 42 23.0 (121%)

IQR (25%, 75%) 6.0–10.0 10.0–16.0 –

Sonographer A

n 50 36 –

Mean (�SD) 8.9 (�3.5) 16.4 (�6.4) 7.5 (84%)

Median 8 16 8.0 (100%)

Minimum 4 7 3.0 (75%)

Maximum 19 32 13.0 (68%)

IQR (25%, 75%) 6.0–11.3 11.3–20.8 –

Sonographer B

n 29 122 –

Mean (�SD) 6.9 (�2.4) 13.6(�5.2) 6.7 (97%)

Median 6 12 6.0 (100%)

Minimum 4 8 4.0 (100%)

Maximum 15 42 27.0 (180%)

IQR (25%, 75%) 5.0–7.5 10.0–16.0 –

Sonographer C

n 26 41 –

Mean (�SD) 8.6 (�2.9) 12.3 (�3.5) 3.7 (43%)

Median 8.5 12 3.5 (41%)

Minimum 4 7 3.0 (75%)

Maximum 15 21 6.0 (40%)

IQR (25%, 75%) 6.0–10.3 10.0–14.3 –
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reported means are likely quite accurate and allowed us to
include the outliers, highlighting that in cases of severe
endometriosis (e.g. multiple nodules and extensive adhesions),
extremely long scan times can be required, much more so than
seen in rTVUS. One eTVUS took 42 min to perform which
was significantly longer than most other eTVUS cases. This
case involved extensive deep endometriosis with multiple nod-
ules in multiple anatomical locations (Figure 3) and extensive
adhesions (Videos 1 and 2) causing distortion to the normal

pelvic anatomy. It should also be noted that this was 180%
longer than the longest rTVUS (19 min). It must therefore be
considered that although infrequently occurring, cases of severe
endometriosis encountered during eTVUS can result in exces-
sively long scan times being required.
Despite evidence in favour of eTVUS first appearing within

the literature nearly two decades ago,19 eTVUS is still

Figure 3: Two nodules of endometriosis seen within the pelvis of the
case which took 42 minutes. A large nodule of endometriosis is seen
within the right uterosacral ligament, extending into the torus uterinus
as shown by the white solid arrows (a). A nodule of endometriosis
was also seen within the rectal wall (b) as depicted by the dashed
arrows. Also present in this case were extensive pelvic adhesions,
including obliteration of the pouch of Douglas and a left ovarian cyst
(not pictured).

Figure 4: Gentle pressure is being applied to the right ovary and
uterus with the transvaginal transducer. The right ovary and uterus
can be seen to move together, along with the right uterosacral liga-
ment and the large nodule within. This is due to dense adhesions in
this region. Video content can be viewed at https://onlinelibrary.wiley.-
com/doi/10.1002/ajum.12288

Figure 5: The uterine sliding sign’ manoeuvre is being performed by
applying gentle pressure with the transvaginal transducer to the pos-
terior vaginal fornix. The posterior wall of this retroverted uterus and
the adjacent anterior rectal wall are not seen to move apart freely
suggesting obliteration of the pouch of Douglas. Video content can be
viewed at https://onlinelibrary.wiley.com/doi/10.1002/ajum.12288
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predominantly only available in specialised gynaecological
imaging centres throughout Australia, with rTVUS typically
performed as the norm in general imaging settings, even when
patients present with a clinical suspicion of endometriosis.15

Several proponents of eTVUS have advocated for the incorpo-
ration of eTVUS into all rTVUS, regardless of the scan indica-
tion,15,20 whilst others have pushed for a minimum of quality
ultrasound assessment, which includes assessment of the ante-
rior and posterior compartments for people with suspected
endometriosis prior to surgical intervention.21 There is a pau-
city within the literature explaining why the uptake of eTVUS
within routine sonographic practice has been slow. Skill of the
sonographer and sonologist/radiologist11–13 and clinical knowl-
edge13 have been alluded to within published works as such
barriers. Additionally, the need to perform dynamic assess-
ments (when the sonographer performing these is not the clini-
cian reporting the findings), lack of adequate remuneration and
scan time limitations have also been anecdotally reported in
our professional encounters and conversations as barriers to
the uptake of this technique. This study has shown that per-
forming eTVUS adds an average of 5.4 min to rTVUS, which,
whilst not excessive, is a significant additional time require-
ment, which needs to be considered when formulating scanning
protocols. In Australia, as there is currently no additional
remuneration from Medicare for extending an rTVUS to
include eTVUS,14 this additional time allocation may be cost
prohibitive in some centres.
Endometriosis is a very common condition and currently car-

ries a diagnostic delay of approximately 6.4 years.22 As people
presenting for gynaecological ultrasound do not represent the
general population, but rather those with a high likelihood of
various gynaecological conditions, the prevalence of endometrio-
sis amongst patients presenting for gynaecological ultrasound is
likely far higher. Leonardi et al.23 reported that approximately
28% of patients presenting for TVUS in a gynaecology-focused
ultrasound practice had a high clinical suspicion of endometrio-
sis. The addition of an assessment of the anterior and posterior
compartments would therefore be a high value inclusion to
many rTVUS examinations and could aid in reducing the diag-
nostic delay, especially in cases of deep endometriosis.24

Although the additional time required to perform eTVUS may
be undesirable for patients, especially if experiencing pelvic pain,
within their review, Deed et al.25 found TVUS to typically be
well accepted by patients, especially if adequately informed of
the need for such imaging. As such, it is likely that with suffi-
cient informed consent, the additional time burden required to
complete an eTVUS would likely result in an improved patient
experience; however, studies exploring this hypothesis are
needed. Given the potential for improved outcomes for patients,
inclusion of eTVUS into both local departmental scanning pro-
tocols and future national guideline updates should be consid-
ered. If the additional time requirement presented is prohibitive,
reallocation of time from other aspects of gynaecological

ultrasound protocols with lower clinical value, such as extensive
TAS or routine kidney imaging,26 could be contemplated.
We were unable to locate any published works to date which

can aid clinicians in planning for adequate time allocation for
eTVUS. Whilst several guidelines exist to aid departments in
the design of scanning protocols for gynaecological ultra-
sound,1,4,16 there is no guidance for what constitutes an appro-
priate scan time. We hope that this work can be well utilised by
ultrasound departments in the formation of protocols for the
inclusion of eTVUS when indicated.
There are several limitations within this study that must be

considered if doing this. Firstly, the times reported in this study
were obtained retrospectively from the review of time stamps to
judge transvaginal scan times. As these only represent when
images were taken, and sonographers may spend time before
the acquisition of the first image or after the acquisition of the
last image assessing structures in real time, this may have
resulted in an under reporting of the true time taken to perform
both rTVUS and eTVUS.
Additionally, any extension images required (such as trans-

abdominal views or kidney images) were excluded from our
analysis. The reported times also do not take into account the
time sonographers spend communicating with patients, gaining
consent, having patients prepare for examination (e.g. emptying
bladder and undressing) and performing post exam duties (e.g.
having patients redress, cleaning and disinfecting transvaginal
probes and writing worksheets). As such, the reported times do
not represent the appointment times required to complete the
examination. The sonographers involved in this study also
report that completing the required sonographers report or
worksheet for complex eTVUS cases is significantly more time-
consuming than for rTVUS. Measurement of this was beyond
the scope of this study.
This study was completed within a specialised women’s

imaging centre. The sonographers involved in this study were
all very experienced and specialised in obstetric and gynaeco-
logical ultrasound. As such, these findings may not translate
to less experienced or more generalised sonographers.
Although the mean additional time needed for eTVUS was
5.4 min, a less experienced or non-specialised sonographer
would likely need longer to complete both rTVUS and
eTVUS. Median scan times of eTVUS were double that of
rTVUS for one of our participating sonographers, despite
extensive experience. We would therefore suggest that, if look-
ing to incorporate an assessment for endometriosis into
rTVUS appointments, practices consider doubling the time
allocated to performing a TVUS. In-house time audits could
be performed to assess how this would translate to examina-
tion times within a specific department. Future prospective
studies assessing time allocation for eTVUS would be benefi-
cial, as would studies from general imaging settings to further
support the development of robust, thorough and achievable
scanning protocols.
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Conclusion
Endometriosis transvaginal ultrasound took an average of
5.4 min longer to perform than rTVUS, which resulted in sig-
nificantly longer mean (64%) and median (71%) scan times. As
there is currently no additional Medicare rebate offered for per-
forming eTVUS rather than rTVUS, an assessment for
endometriosis could be cost prohibitive in some Australian cen-
tres. As such, future reviews of the Medicare Benefit
Scheme must take this into account to ensure patient access to
eTVUS is not impeded and diagnosis is not avoidably delayed.
To the authors’ knowledge, this is the first published study

looking at time allotment for eTVUS. As this study was per-
formed within a specialised women’s imaging practice, these
findings may not translate to less experienced or more gener-
alised sonographers. Therefore, future prospective studies
assessing time provision for eTVUS would be beneficial as
would studies from general imaging settings.
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