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Contribution

What are the novel findings of this work?

This is the first reported study where inter-rater reliability of diagnosing endometrial cancer on

ultrasound by subjective pattern recognition is tested with individual acquisitions. Our results
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showed that there was good inter-rater reliability in diagnosing endometrial cancer on

ultrasound in women with postmenopausal bleeding.

What are the clinical implications of this work?

Our findings should facilitate the wider use of subjective pattern recognition for endometrial
cancer in routine clinical practice. Future research should evaluate the efficacy of subjective
pattern recognition in prioritising women with likely endometrial cancer for urgent histological

confirmation and referral to a gynaecological oncology centre.
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Abstract

Objectives

The objective of our study was to assess the inter-rater agreement and reliability of using
subjective pattern recognition to diagnose endometrial cancer on ultrasound in women with

postmenopausal bleeding.
Methods

This was a prospective cross-sectional study at a gynaecological rapid access clinic, between
Oct 2016 — Dec 2017, where consecutive women with postmenopausal bleeding and
endometrial thickness of 24.5mm on transvaginal ultrasound scan were included. We
excluded women on hormone replacement therapy, tamoxifen or with a history of primary
gynaecological malignancy. Two raters independently performed ultrasound examinations,
blinded to each other’s findings, and classified women into having uniformly thickened
endometrium, benign polyp or endometrial cancer, by subjective pattern recognition. Inter-
rater reliability of the ultrasound diagnoses was assessed by using Cohen’s kappa statistics.
All women subsequently underwent either outpatient endometrial biopsy, hysteroscopy or

hysterectomy.
Results

Forty women were included in the study with a median age of 61 (IQR 57-69) and a median
endometrial thickness of 11.0mm (IQR 6.2-20.3). Final histological analysis confirmed 16
(40%) women with endometrial cancer, 16 (40%) endometrial polyps, 4 (10%) atrophic
endometrium, 3 (7%) proliferative endometrium and 1 (3%) endometrial hyperplasia. Inter-

rater agreement for the ultrasound diagnoses of uniformly thickened endometrium, polyp and
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cancer, were 14/16 (87.5%), 22/30 (73.3%) and 28/34 (82.4%), respectively; the inter-rater
reliability was good (k = 0.69, 95% C.I. 0.49-0.88). When the ultrasound diagnoses were
combined as either cancer or no cancer, the inter-rater agreement was 85% and the inter-
rater reliability was also good (k = 0.78, 95% C.l. 0.61-0.95). Rater A correctly identified
14/16 cancers and Rater B identified 15/16. Endometrial cancers were misdiagnosed as
benign polyps on ultrasound in two women by Rater A, and in one woman by Rater B. The
overall accuracies of Rater A and Rater B in differentiating between benign endometrial

pathologies and malignancy were 90% and 85%, respectively.
Conclusions

Our results showed good inter-rater reliability of subjective pattern recognition in diagnosing
uniformly thickened endometrium, polyp and cancer on ultrasound in women with
postmenopausal bleeding. Our findings should facilitate wider use of subjective pattern

recognition in routine clinical practice.
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Introduction

Endometrial cancer (EC) is found in approximately 9% of women with postmenopausal
bleeding (PMB)®. Measurement of the endometrial thickness (ET) can be used to triage
women into low-risk or high risk-groups, with ET =3-5mm considered as high-risk of
malignancy®®. However, the specificity of ET in predicting EC is poor and therefore women

with malignancy cannot be effectively prioritised for histological assessment.

Some studies have assessed whether the diagnostic accuracy of ultrasound for EC can be
improved by assessing the endometrial morphological features and vascular pattern on
Doppler ultrasound1®. However, it was difficult to conclude from previous studies as different
terminologies were used to describe the ultrasound findings. Therefore, the International
Endometrial Tumor Analysis (IETA) group in 2010 published a consensus opinion on the
terms, definitions and measurements of the endometrium®®. Using the IETA terminologies,
the most commonly reported features of EC are an endometrium with heterogeneous
echogenicity, irregular or ill-defined endometrial-myometrial junction, and multiple vessels with
focal or multifocal origins on Doppler ultrasound®’!®- The presence of these ultrasound
features may improve the diagnosis of EC, in addition to the measurement of ET. Subjective
pattern recognition refers to the identification of these ultrasound features, in order to predict
the presence or absence of EC. Recently, Dueholm et al.?% reported that up to three-quarters
of EC in women with PMB could potentially be identified by subjective pattern recognition and
thereby fast-tracked for histological confirmation. Nevertheless, some are concerned about its
reproducibility and suggested that it should be reserved for experts in centres of excellence
only@Y, Indeed, the inter-rater reliability of ultrasound subjective pattern recognition and
diagnostic accuracy may be poorer in less experienced operators®??4. Furthermore, the intra-

and inter-rater reliabilities of using IETA terminology to describe ultrasound images of the
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endometrium were also found to be poor®®. Notwithstanding these potential limitations, others
suggested that we should invest more in ultrasound training and consider limiting our use of

terminologies to those that are most reproducible®®).

There are few reproducibility studies on ultrasound subjective pattern recognition in the
literature. This study aimed to assess the inter-rater reliability of using subjective pattern
recognition to diagnose EC in women with PMB, between an experienced and a less

experienced operator.
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Methods

This was a cross-sectional study conducted between Oct 2016 — Dec 2017 at a gynaecological
rapid access clinic of a university teaching hospital. Patients were referred via their general
practitioners urgently with a history of postmenopausal bleeding. Menopause was defined as
amenorrhoea lasting 212 months in women over the age of 45. Consecutive patients who
attended our clinic during the study period with an ET of 24.5mm on transvaginal ultrasound
scan were included. We excluded women who were on hormone replacement therapy,
tamoxifen or with a known history of gynaecological malignancy. If the endometrium could not
be visualised on ultrasound assessment, women were offered either saline infusion
sonography (SIS) or hysteroscopy, and they were excluded from the study because it was not
practical to subject women to more than one SIS examination to assess the inter-rater

reliability.

All women included in the study were examined by both Rater A and Rater B during a single
outpatient visit. Rater A was a second-year clinical fellow in gynaecological ultrasound scan
who had performed a total of approximately 2400 examinations before starting the study. This
included assessments of over 200 women who presented with a history of postmenopausal
bleeding. Rater B had over 30 years of experience in ultrasound and is a recognised expert in
gynaecological ultrasound. The two raters performed their independent assessments in the
absence of each other and they were blinded of each other’s results. Each rater was allowed
up to 10 mins to complete their assessment. The findings were recorded by an independent

healthcare assistant who did not take part in the study.

All women were examined in the lithotomy position with an empty bladder after informed

consent. The ultrasound assessments were performed systematically. First, the cervix and
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uterine corpus were identified in the transverse plane. The uterine corpus was then assessed
by examining a series of parallel scanning planes, starting from the internal cervical os to the
top of the uterine fundus. The ET was measured using the “double-layer measurement
technique”®®. If there was fluid in the endometrial cavity, this was subtracted from the

measurement of ET.

All women with an ET of 24.5mm were categorised into one of the following three groups
based on endometrial morphological features on greyscale ultrasound and vascular patterns

on colour Doppler that are in keeping with the IETA terminologies®® (Figure 1):

1. Uniformly thickened endometrium — the endometrium appears uniform with no focal
lesions, an intact midline echo and intact endometrial-myometrial junction. On Doppler
ultrasound, it appears avascular or poorly vascularized (colour score <2).

2. Benign endometrial polyp — there is a well-defined localized lesion with a regular
outline within the endometrial cavity. The surrounding endometrium appears regular
with an intact endometrial-myometrial junction. On Doppler ultrasound, there is a single
dominant vessel with or without branching, or there is no detectable vascularity.

3. Endometrial cancer —the endometrium appears heterogeneous or there is an irregular
focal lesion. The endometrial-myometrial junction could be intact or it is interrupted,
which is suggestive of myometrial invasion. On Doppler ultrasound, there are multiple

vessels with focal or multifocal origins.

Endometrial sampling with pipelle biopsy was offered to all women with ultrasound diagnoses
of EC or those with a uniformly thickened endometrium in our outpatient clinic. Women with

endometrial polyps were offered hysteroscopic polypectomy and endometrial biopsy.
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All ultrasound examinations were conducted with the same ultrasound equipment (Voluson
E8, GE Healthcare Ultrasound, Milwaukee, WI, USA), equipped with a 4-9 MHz transvaginal

probe.

Study outcomes

The primary outcome was the inter-rater reliability in the ultrasound diagnoses of uniformly

thickened endometrium, polyp and cancer using subjective pattern recognition.

Statistical analysis

The first analysis was to determine the agreement and reliability between the two raters on
the ultrasound diagnoses of uniformly thickened endometrium, polyp and cancer. Then a
second analysis was performed with the categories combined as either EC or no endometrial
cancer. Due to the categorical nature of the measurements, the reliability between raters was
assessed using Cohen’s kappa (k) statistic, which represents the consistency of raters in their
diagnoses. This is measured on a scale ranging up to a maximum agreement of 1. We adopted
the classification in which a k value of <0.20 is considered a very poor agreement between
the two raters; 0.21-0.40 poor agreement; 0.41-0.60 moderate agreement; 0.61-0.80 good

agreement; and 0.81-1.00 very good agreement®”,

Descriptive statistical methods were used to describe the study population. The statistical
analyses were performed using IBM SPSS Statistics for Windows, version 25 (IBM Corp.,

Armonk, N.Y., USA).

Sample size calculation

This study aimed to determine the inter-rater reliability of subjective pattern recognition for the

three possible ultrasound diagnoses of uniformly thickened endometrium, polyp and cancer in
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women with postmenopausal bleeding. The minimum value for Cohen’s kappa coefficient to
be expected according to a previous study by Dueholm et al.?® was 0.5 when there is
assumed to be no agreement in the first place. When the power and alpha are pre-specified
at 80% and 0.05%, respectively; a minimum sample of 18 women was required®®. However,
as the proportions of women in each of the three categories were not expected to be equal,
we multiplied the minimum sample size by two to accommodate this variation. Hence, the
required minimum sample size was 36 women (i.e. 18 x 2), which we have rounded up to

include 40 women.

Ethical approval and reporting

Ethical approval was sought from the local research ethics committee, who approved the study
but deemed that, as the ultrasound assessments in our study were not different to standard

clinical practice, a full ethical approval was not required.

At our university teaching hospital, all ultrasound scans are performed by doctors in training
who are under the supervision of specialist consultants. It is our routine practise that if a
woman presents with postmenopausal bleeding and the endometrium is thickened, they are
re-examined by an experienced consultant gynaecologist to verify their findings and advise on
further investigations and management. We followed the Guidelines for Reporting Reliability

and Agreement Studies (GRRAS statement) in the conduct and reporting of our research@?,
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Results

There were 52 eligible women with PMB and ET of 24.5mm on transvaginal ultrasound scan
during the study period. We excluded 12 women who were on hormone replacement therapy,
tamoxifen or had a history of primary gynaecological malignancy. The remaining 40 women
were included in the study. Their clinical characteristics and final histological diagnoses are
presented in Table 1. A total of 16 patients underwent a hysterectomy, 17 had a hysteroscopy

and 7 had outpatient pipelle endometrial biopsy.

Inter-rater agreement and reliability of ultrasound diagnoses by subjective pattern recognition

Ultrasound diagnoses of uniformly thickened endometrium, polyp and cancer by the two raters

are shown in Table 2.

A total of 80 independent ultrasound diagnoses were made between the two raters.
Agreements on uniformly thickened endometrium, polyp and cancer were 14/16 (87.5%),
22/30 (73.3%) and 28/34 (82.4%), respectively. Overall, the inter-rater reliability of the
ultrasound diagnoses was good between the two raters with a kappa statistic of 0.69 (95%

confidence interval (C.l.), 0.49-0.88).

When the three categories were dichotomised as either cancer or no cancer, in which the no
cancer group included both women with uniformly thickened endometrium and polyps, the two
raters were in agreement on 68/80 (85%) cases. Both raters agreed on the diagnosis of EC in
14 women but disagreed on 6 others. In 4 of these 6 women, Rater A diagnosed benign polyps,
whereas Rater B diagnosed EC. In the other 2 cases, the opposite occurred. No cases of
uniformly thickened endometrium were diagnosed when the other rater diagnosed EC.
Overall, the inter-rater reliability on the presence or absence of EC was good with a kappa

statistic of 0.78 (95% C.I. 0.61-0.95).
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Diagnostic accuracy of ultrasound diagnoses by subjective pattern recognition

The final histological diagnoses against the ultrasound diagnoses of Rater A and Rater B are
summarised in Tables 3 and 4, respectively. Rater A correctly identified 14/16 women with EC
and Rater B identified 15/16. Rater A misdiagnosed two cases of EC as benign polyps,
whereas Rater B misdiagnosed one case of EC as a benign polyp. Rater A had two false-
positive diagnoses of EC, which were subsequently found to be a benign polyp and a
disorganised proliferative endometrium in the final histological assessments. Rater B had
three cases of false-positive diagnoses of EC, two of these were benign polyps and there was
one with disorganised proliferative endometrium. The overall accuracies of Rater A and Rater
B in differentiating between benign endometrial pathologies and malignancy were 90% and

85%, respectively.
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Discussion

Our results showed good inter-rater reliability (x = 0.69, 95% C.I. 0.49-0.88) in the ultrasound
diagnoses of uniformly thickened endometrium, polyp and cancer by subjective pattern
recognition, between an experienced operator and a less experienced operator. A kappa
statistic of 0.69 meant that the raters accounted for 69% of the agreement over and above

what would be expected by chance alone.

A previous study by Dueholm et al.®® also investigated the inter-rater reliability of subjective
pattern recognition in women with PMB and ET of 25mm. In their study, two experienced raters
independently assessed 122 recorded videotapes of ultrasound examinations. Each woman
was categorised into having no endometrial pathology, hyperplasia, benign polyp or cancer.
Their reported inter-rater reliability was initially moderate (k = 0.47, 95% C.l. 0.30-0.63).
However, when the authors repeated their analysis by including videotapes of “high-quality”
only, the inter-rater reliability was good (k = 0.73, 95% C.I. 0.56-0.90) rather than moderate.
We cannot easily compare our findings with those of Dueholm et al®®; because, firstly, our
study utilized real-time scanning rather than recorded videotapes. Secondly, we included only
three possible ultrasound diagnoses rather than four, as we did not classify endometrial
hyperplasia as a separate category; the reason for this is because we routinely offer women
an endometrial biopsy in the clinic if they have a uniformly thickened endometrium. Therefore,
an additional attempt to identify women who may have endometrial hyperplasia rather than a
benign proliferative endometrium on ultrasound would not have made a clinical difference to
their initial management. Furthermore, by reducing the number of available options to the
rater, we aimed to improve the inter-rater reliability as concluded in another study by

Sladkevicius et al®,
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Although reproducibility studies are important before a test can be introduced into clinical
practice, a systematic review by Coelho et al.®% found that only 14% of reproducibility studies
were considered well designed and had interpreted their results appropriately. The authors
criticised that most studies lacked independent acquisitions, blinded analyses and correct
statistical analysis. In particular, 54.4% of reproducibility studies in ultrasound techniques in
0&G were performed using only static images or video recordings acquired by a single rater.
As aresult, it is difficult to comment on how the inter-rater reliability could be affected by having
different raters performing the ultrasound examinations. The strength of our study is that each
rater performed their independent ultrasound examination and they were blinded to each
other’s findings. To the best of our knowledge, this is the first reported study where inter-rater
reliability of subjective pattern recognition for EC has been tested with independent

acquisitions.

Our study showed that the majority of women with EC can be identified on ultrasound by
subjective pattern recognition and the inter-rater reliability on diagnosing EC was good (k =
0.78, 95% C.1. 0.61-0.95). Both raters misdiagnosed EC as benign polyps only. As we routinely
offer hysteroscopic polypectomy to all symptomatic women with suspected polyps, most EC
is diagnosed subsequently following hysteroscopy. In view of the difficulty in distinguishing
between benign polyps and polyps that harbour focal areas of premalignancy or malignancy,
urgent hysteroscopic polypectomy is still warranted in all women who are symptomatic of
postmenopausal bleeding. Further tests such as saline infusion sonography (SIS) may be
helpful, as it may be easier to identify an irregular outline of malignant polyps®¥. More research
is needed to improve the risk prediction of pre-malignant or malignant polyps in women with

PMB.
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Despite our small sample size, we showed that ultrasound diagnoses of uniformly thickened
endometrium, polyp and cancer by subjective pattern recognition correlated well with the final
histological diagnoses. This is encouraging because we could offer more individualised
management according to the most likely diagnosis. In women with likely EC, they can be fast-
tracked to a gynae-oncology centre following an outpatient endometrial biopsy. Whereas
women with endometrial polyps on ultrasound can be offered an urgent hysteroscopy instead.
Finally, those with a uniformly thickened endometrium without any suspicious ultrasound

features for EC or polyp can be investigated less urgently.

We only included women with an ET of 24.5mm in our study because the prevalence of EC in
women with an ET below this threshold is low. However, some EC may predominantly be
confined to the myometrium, and therefore if we rely solely on the measurement of ET to
exclude cancer, then some women with EC could potentially be misdiagnosed with a
presumed “thin” endometrium®b, Other studies have also reported that type Il EC, such as
uterine papillary serous carcinoma, clear cell carcinoma and other high-grade endometrial
carcinomas are more likely to be found in women with a “thin” endometrium®?, Future studies
should consider the evaluation of subjective pattern recognition in women with PMB

regardless of their ET.

There were several limitations to our study. Firstly, both raters belonged to the same academic
unit, used the same high-end ultrasound machine and performed the ultrasound examinations
in the same routine. These conditions may vary as ultrasound operators tend to use a wide
range of machines and are trained to perform their examination in various routines. Secondly,
it was not possible to blind the raters of the fact that they were taking part in a research study,
therefore we cannot exclude the potential bias of the Hawthorn effect. Thirdly, we excluded all

women with an unsatisfactory or suboptimal view of the endometrium as they were offered
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SIS or hysteroscopy instead. Therefore, our results may not apply to women with a distorted
endometrial cavity due to submucosal fibroids, severe adenomyosis or other uterine
pathologies. Fourthly, our study included a 40% prevalence of EC which is higher than
expected; given that a recent meta-analysis reported a pooled prevalence of only 19%®. This
could be due to our small sample size, a higher prevalence of malignancy at a tertiary gynae-
oncology centre or selection bias as we excluded many women with benign endometrial

pathologies who underwent SIS.

In conclusion, there was good inter-rater reliability of diagnosing EC on ultrasound by
subjective pattern recognition in women with PMB. The efficacy of subjective pattern
recognition in fast-tracking women with EC for an earlier histological confirmation and referral

to gynae-oncology centres should be assessed further in future studies.
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Figure legends

Figure 1 - A. uniformly thickened endometrium

Figure 1 - B. benign endometrial polyp

Figure 1 - C. endometrial cancer
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Table 1. Patient characteristics and final histological diagnoses (n=40)

Characteristics Value
Age (years)? 61 (57-69)
Time since menopause (years)? 9.5 (5.0-19.5)
Nulliparity? 12 (30)
Caucasian ethnicity? 30 (75)
BMI (kg/m?)? 29.3 (24.2-34.4)
Endometrial thickness (mm)! 11.0 (6.2-20.3)
Uterine fibroids? 19 (48)
Adenomyosis? 11 (28)
Endometrial cancer? 16 (40)

- Stage IA 6 (37.5)

- StageIB 4 (25)

- Stagelll 0 (0)

- Stage llIA 1(6.3)

- Stage llIB 1(6.3)

- Stage llIC1 2 (12.5)

- Stage llIC2 1(6.3)

- Stage IV 1(6.3)
Histological subtype
Endometrioid? 10 (62.5)

- Gradel 5 (50)

- Grade 2 3 (30)

- Grade 3 2 (20)
Non-endometrioid? 6 (37.5)

- Serous 2 (33.3)

- Carcinosarcoma 2 (33.3)

- Undifferentiated 1(16.7)

- Neuroendocrine 1(16.7)
Benign endometrial pathologies? 24 (60)

- Endometrial polyp 16 (66.7)

- Atrophic endometrium 4 (16.7)

- Proliferative endometrium 3 (12.5)

- Endometrial hyperplasia 1(4.2)

Results are presented as median

(interquartile range)?* or n (%)?
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Table 2. Ultrasound diagnoses by both raters (n=40)

Rater B
Uniformly Polyp Cancer Total
thickened
endometrium
Uniformly 7 2 0 9
< thickened
o endometrium
S Polyp 0 11 4 15
Cancer 0 2 14 16
Total 7 15 18 40
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Table 3. Ultrasound diagnoses by Rater A and the final histological diagnoses (n=40)
Ultrasound diagnoses by Rater A
Uniformly Polyp Cancer Total
thickened
endometrium
Atrophic endometrium 4 0 0 4

@ | Disorganised 2 0 1 3
§ proliferative
> endometrium
S Endometrial hyperplasia 1 0 0 1
S
-2 | Benign polyp 2 13 1 16
i)
% Cancer 0 2 14 16
T [ Total 9 15 16 40
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Table 4. Ultrasound diagnoses by Rater B and the final histological diagnoses (n=40)
Ultrasound diagnoses by Rater B
Uniformly Polyp Cancer Total
thickened
endometrium
Atrophic endometrium 3 1 0 4

3 Disorganised 2 0 1 3
g proliferative
S | endometrium
-.‘55 Endometrial hyperplasia 1 0 0 1
©
-é,’, Benign polyp 1 13 2 16
2 [cancer 0 1 15 16
T [Total 7 15 18 40
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Figure 1 - A. uniformly thickened endometrium
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Figure 1 - B. benign endometrial polyp
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Figure 1 - C. endometrial cancer
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