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Microscale endometrial sampling b
iopsy in detecting endometrial
cancer and atypical hyperplasia in a population of 1551 women: a
comparative study with hysteroscopic endometrial biopsy
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Abstract
Background: Endometrial cancer is one of the most common malignancies of the reproductive system. Effective and cost-effective
screeningmethod for populations at high risk is not available. This study aimed to investigate specimen adequacy and the influencing
factors in microscale endometrial sampling biopsy and to evaluate the diagnostic accuracy andmedical cost of biopsy in endometrial
cancer and atypical hyperplasia screenings in comparison with hysteroscopic endometrial biopsy.
Methods: A total of 1551 patients at high risk for endometrial lesions who required hysteroscopic endometrial biopsy from
November 2017 to August 2018 were included.Microscale endometrial sampling biopsy was performed, followed by hysteroscopic
endometrial biopsy. We evaluated the specimen adequacy and influencing factors of microscale endometrial sampling. Diagnostic
consistency between microscale endometrial sampling biopsy and hysteroscopic endometrial biopsy was evaluated. The sensitivity,
specificity, positive predictive value, and negative predictive value of microscale endometrial sampling biopsy in screening for
endometrial cancer and atypical hyperplasia were analyzed, and the medical costs of the two procedures were compared.
Results: The specimen adequacy was 81.2%. Patient age, menopausal status, endometrial thickness, and endometrial lesion type
were correlated with specimen adequacy. There was good consistency in distinguishing benign and malignant endometrial diseases
between microscale endometrial sampling biopsy and hysteroscopic biopsy (kappa 0.950, 95% CI 0.925–0.975). The sensitivity,
specificity, positive predictive value, and negative predictive value of microscale endometrial sampling biopsy were 91.7%, 100.0%,
100.0%, and 99.3% for endometrial cancer screening, respectively, and 82.0%, 100.0%, 100.0%, and 99.4% for atypical
hyperplasia screening. The medical cost of endometrial sampling biopsy was only 22.1% of the cost of hysteroscopic biopsy.
Conclusions: Microscale endometrial sampling biopsy is a minimally invasive alternative technique for obtaining adequate
endometrial specimens for histopathological examination. It has the potential to be used in detecting endometrial cancer and
atypical hyperplasia with high efficiency and low cost.
Keywords: Endometrial atypical hyperplasia; Endometrial cancer; Hysteroscopic endometrial biopsy; Microscale endometrial
sampling biopsy
Introduction

Endometrial cancer is one of the most common malignan-
cies of the reproductive system. The incidence of
endometrial cancer has increased in recent years. The
American Cancer Society (ACS) reported that 61,380 new
cases of endometrial cancer were identified in the United
States in 2017, and 10,920 patients died.[1] In 2018, it
was estimated that 382,096 new cases of endometrial
cancer were identified, and 89,929 patients died of
endometrial cancer worldwide.[2] In China, the estimated
incidence of endometrial cancer was 63.4/100,000 in
2015, and the mortality rate was 21.8/100,000.[3]
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Therefore, screening is critical for the early diagnosis of
endometrial cancer.

Cervical cancer screening has gradually become a mature
strategy and has been widely used in clinical practice.
However, a cost-efficient screening procedure is not
available for endometrial cancer screening. In traditional
endometrial histology, the specimen is obtained mainly via
dilatation and curettage (D&C) or hysteroscopy, both of
which are invasive and costly. In recent years, various
endometrial sampling devices have been used to harvest
endometrial cells or tissue for screening. This procedure is
less invasive and less expensive; however, the diagnostic
accuracy reported in the literature was not consistent, and
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Figure 1: The SAP-1 sampling device.
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results from large sample-sized control studies are
lacking.[4-6]

In this study, we obtained microscale endometrial speci-
mens with a non-invasive endometrial sampling device in
women at high risk for endometrial lesions who required
hysteroscopic endometrial biopsy. We first evaluated the
specimen adequacy and the factors influencing endometri-
al microtissue collection by the endometrial sampler, to
determine the characteristics of patients who were more
suitable for collecting endometrial tissue with this
minimally invasive method. We further compared the
diagnostic accuracy and medical cost between microscale
endometrial sampling biopsy and hysteroscopic endome-
trial biopsy (the gold standard) to evaluate the significance
of microscale endometrial biopsy in detecting endometrial
malignant lesions (including endometrial cancer and
endometrial atypical hyperplasia).

Methods

Ethical approval

The study was approved by the Ethics Committee of
Peking University People’s Hospital (IRB No. 2018 PHB
034-01). After signing an informed consent form, the
patients underwent endometrial device sampling with
microscale endometrial sampling biopsy, followed by
hysteroscopic endometrial biopsy.
Study design

A total of 1551 consecutive female patients at high risk for
endometrial lesions who required hysteroscopy with
endometrial biopsy from November 2017 to August
2018 were included in this study. At least one of the
following clinical conditions was present in the included
patients: (1) abnormal uterine bleeding; (2) vaginal color
Doppler ultrasound indicating an intrauterine occupation-
al disease or abnormal thickening of the endometrium
(endometrial thickness ≥5 mm in postmenopausal patients
without hormone replacement therapy); (3) patients
attending follow-up examinations after oral progesterone
treatment for endometrial cancer or endometrial hyper-
plasia.

Patients were excluded if one of the following conditions
was present: (1) a confirmed diagnosis of cervical cancer;
(2) inability to tolerate hysteroscopic surgery due to severe
systemic complications; (3) acute vaginitis or pelvic
inflammatory disease; (4) postpartum women in the
puerperal period or those who recently underwent
abortion; (5) patients with endometrial hyperplasia treated
with levonorgestrel intrauterine system (LNG-IUS).
Specimen collection and micropathological specimen
preparation

Before performing hysteroscopy, misoprostol was placed
in the vagina to prepare the uterine cervix, except in
patients with suspected endometrial cancer. The patient
was placed in the lithotomy position, and intravenous
anesthesia was administered. After routine disinfection of
194
the operative field, a speculum was used to expose the
vagina and the cervix, and the endometrial sampling device
(SAP-1; Saipujiuzhou, Beijing, China) was used to harvest
microscale endometrial tissue. The device has been
patented in China and approved for clinical use. The
diameter of the device is 2.8 mm, and the length is 250mm.
It consists of an outer sheath, a harvesting loop, and a
handle. The outer sheath is a flexible polypropylene plastic
tube marked with scales to measure the depth of the uterine
cavity. A slidable piston with a harvesting loop on its tip is
contained within the outer sheath. Six serrated scrapers are
evenly distributed along the harvesting loop, which can
reach the basal layer of the endometrium but cannot pass
through the basal layer. The shape of the harvesting loop is
similar to the shape of the uterine cavity. The entire
endometrium can be reached by 360° rotation. The
harvesting loop can be retracted into the outer sheath
before and after sampling to avoid contamination of
the endometrial specimens by cells outside the uterine
cavity [Figure 1]. The sampling procedure is shown in
Figure 2. The four-step process of endometrial sampling by
the SAP-1 device was performed only once in each patient.
The specimen was fixed in a specific fixative agent, labeled,
and sent for microscale tissue pathology. The specimen
was processed in a microsample embedding machine
(Saipujiuzhou, Beijing, China) to generate a microscale
tissue specimen block, which was then dehydrated, waxed,
sectioned, and stained with hematoxylin-eosin. After
endometrial device sampling withmicroscale tissue biopsy,
hysteroscopy (Olympus, Tokyo, Japan) was performed for
endometrial tissue biopsy under direct hysteroscopic
vision. The endometrial tissue specimens were fixed in
10% formaldehyde, embedded in paraffin wax, sectioned,
and stained with hematoxylin-eosin.
Criteria for specimen adequacy

The specimenadequacywas evaluatedby cooperationof the
pathologists and the gynecologists who performed hystero-
scopic operations. Samples that satisfied the following
conditions were considered to be adequate samples: (1)
Obvious scratch marks can be visualized in the intrauterine
walls, fundus, and fallopian tube openings under hysteros-
copy; (2) sufficient amounts of glandular epithelial cells are
present, and the number of glands is ≥5;[7] (3) a clear
pathological diagnosis can be determined. Criteria for
specimen inadequacy includes: (1) scratch marks can be
visualized in the intrauterinewalls, but no scratchmarks can
be visualized in either the fundus or the fallopian tube
openings under hysteroscopy; (2) tissue specimens are too
small and insufficient for pathological diagnosis.
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Table 1: Clinical characteristics of the 1551 patients at high risk for endometrial lesions who required hysteroscopic endometrial biopsy.

Clinical Characteristics Premenopausal (n= 1116) Postmenopausal (n= 435) Total (n= 1551)

Age (years), median (range) 40 (20–56) 58 (37–83) 44 (20–83)
Indication, n
Intrauterine anomalies

∗
411 226 637

Abnormal Uterine bleeding 437 156 593
Intrauterine anomalies

∗
Plus

abnormal uterine bleeding
168 53 221

Follow-up examination of endometrial
lesions after progesterone treatment

100 0 100

Pathological diagnosis, n
Endometrial cancer 50 71 121
Endometrial atypical hyperplasia 45 5 50
Normal or benign endometrial changes 528 94 622
Intrauterine Occupational disease† 493 265 758

Specimen adequacy, n
Adequacy 1000 260 1260
Inadequacy 116 175 291

∗
B-mode ultrasound suggested an intrauterine occupational disease or abnormal thickening of the endometrium. † Uterine submucosal fibroids and

endometrial polyps.

Figure 2: Steps for obtaining samples using the SAP-1 device. (A) The tip of the sampling device is reaching the fundus. (B) The sampling loop is opened. (C) The loop is rotated for sampling.
(D) The sampling loop is retracted into the sheath, and the device is withdrawn from the uterine cavity.
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Result interpretation

Two groups of experts from the Department of Pathology
who were blinded to the study determined the histological
diagnoses. The histological diagnosis results are divided
into the following four categories: (1) endometrial cancer;
(2) endometrial atypical hyperplasia; (3) normal or benign
endometrial changes (including proliferative endometri-
um, secretory endometrium, endometrial hyperplasia
without atypical hyperplasia, and endometritis); (4)
intrauterine occupational disease (including endometrial
polyps and submucosal uterine fibroids).

Statistical analysis

The Chi-square test was used to compare specimen
adequacy between pre- and post-menopausal women
and those with benign and malignant endometrial lesions.
Logistic regression analysis was used to assess the factors
influencing specimen adequacy. Diagnostic agreement was
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compared between endometrial sampling biopsy and
hysteroscopic endometrial biopsy with kappa statistics.
The sensitivity, specificity, positive predictive value and
negative predictive value of endometrial microscale tissue
biopsy in detecting endometrial cancer and atypical
hyperplasia were analyzed. Hysteroscopic endometrial
biopsy was considered as the gold standard. SPSS software
(version 22.0; IBMCorp, Armonk, NY, USA) was used for
the statistical analysis. The medical costs of the two
procedures were calculated and compared. A P< 0.05 was
considered to be statistical significance.
Results

Specimen adequacy and influencing factors

The patients at high risk for endometrial lesions who
required hysteroscopy with endometrial biopsy from
November 2017 to August 2018 were consecutively
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Table 2: Analysis of the factors affecting specimen adequacy for circular endometrial device sampling with microscale tissue biopsy.

Univariate analysis Multivariate analysis

Items

Specimen
inadequacy
(n= 291)

Specimen
adequacy
(n= 1260) OR (95% CI) P OR (95% CI) P

Age (years), mean ±
standard deviation

52.15± 11.92 43.29± 10.93 1.068 (1.056–1.081) <0.001 1.029 (1.009–1.050) 0.004

Menopausal status, n
No 116 1000 1.0 <0.001 1.0 <0.001
Yes 175 260 5.802 (4.423–7.612) 3.162 (1.988–5.028)

Endometrial lesion type, n
Endometrial cancer 2 119 1.0 <0.001 1.0 <0.001
Endometrial atypical
hyperplasia

3 47 3.798 (0.615–23.458) 0.151 13.544 (2.093–87.647) 0.006

Normal or benign
endometrial changes

85 537 9.418 (2.285–38.812) 0.002 21.343 (5.017–90.801) <0.001

Intrauterine Occupational
disease

201 557 21.471 (5.259–87.668) <0.001 30.947 (7.367–130.008) <0.001

Indication, n
Intrauterine anomalies 165 472 1.0 <0.001 1.0 0.037
Bleeding 88 505 2.147 (1.188–3.882) 0.011 0.815 (0.585–1.135) 0.226
Intrauterine anomalies
plus abnormal uterine
bleeding

24 197 1.070 (0.582–1.967) 0.826 0.571 (0.341–0.957) 0.034

Follow-up examination
of endometrial lesions after
progesterone treatment

14 86 0.748 (0.369–1.516) 0.421 1.641 (0.823–3.272) 0.160

Endometrial thickness (mm),
mean ± standard deviation

5.84± 4.63 9.37± 4.99 0.834 (0.806–0.863) <0.001 0.885 (0.853–0.917) <0.001
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recruited. Microscale endometrial sampling biopsy was
performed before hysteroscopic endometrial biopsy in all
of the recruited patients (n = 1616). Three of them who
recently underwent abortions were excluded according to
the exclusion criteria. Then, 62 patients who lacked a
definite diagnosis due to insufficient endometrial samples
on hysteroscopic biopsy were excluded. Thus, the number
of enrolled patients in this study was 1551. The inclusion
and exclusion criteria were not relevant with the severity of
the disease. The clinical data of the 1551 patients are
shown in Table 1. Specimen adequacy was confirmed in
1260 patients. The rate of specimen adequacy was 81.2%
(1260/1551). The rate of specimen adequacy was
significantly higher for premenopausal patients (89.6%,
1000/1116) than for postmenopausal patients (59.8%,
260/435; Pearson x2= 182.798, P< 0.001). The rate of
specimen adequacy was significantly higher for endome-
trial cancer and atypical hyperplasia (97.1%, 166/171)
than for benign diseases (79.3%, 1094/1380), including
normal or benign endometrial changes and intrauterine
occupational disease (Pearson x2= 69.090, P< 0.001).

The results showed that age, menopausal status, endome-
trial thickness, and endometrial lesion types were
correlated with specimen adequacy. The rate of specimen
inadequacy was 3.162-fold higher for postmenopausal
women than for premenopausal women. The rate of
specimen inadequacy was 21.343-fold higher for patients
with endometrial benign diseases than for patients with
196
endometrial cancer. The factors affecting specimen
adequacy are shown in Table 2.

We also estimated specimen adequacy according to
endometrial thickness. The endometrial thicknesses from
1551 patients were used to plot a receiver operating
characteristic (ROC) curve for the factors affecting
specimen adequacy. The area under the curve (AUC)
was 0.722 (95% CI 0.687–0.756), and assuming a cut-off
value of endometrial thickness of 6.5 mm, the estimated
sensitivity and specificity for specimen adequacy were
71.4% and 66.7%, respectively.

Diagnostic consistency and validation in detecting
endometrial cancer and atypical hyperplasia

For the 1260 cases with adequate specimens, the diagnostic
agreement of microscale endometrial sampling biopsy and
hysteroscopic biopsy was compared. First, we analyzed the
diagnostic consistency according to the four categories of
pathological results mentioned in the “Result interpreta-
tion” section. The kappa value was 0.248 (95% CI 0.217–
0.279), as shown in detail in Table 3.

To further evaluate the diagnostic consistency of the two
procedures in distinguishing between endometrial malignant
and benign lesions, we defined two newdiagnostic categories
as follows: (1) malignant endometrial lesions, including
endometrial atypical hyperplasia and cancer; (2) benign
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Table 4: Consistency of endometrial sampling and hysteroscopy in diagnosing malignant and benign endometrial changes, n (%).

Hysteroscopic Biopsy (gold standard)

Microscale Endometrial Sampling Biopsy Malignant Endometrial Lesions Benign Endometrial Changes Total

Malignant endometrial lesions
∗

152 (12.1) 0 152 (12.1)
Benign endometrial changes† 14 (1.1) 1094 (86.8) 1108 (87.9)
Total 166 (13.2) 1094 (86.8) 1260 (100.0)
∗
Including endometrial atypical hyperplasia and cancer. † Including normal endometrium, benign endometrial lesions, and uterine occupational lesions.

Table 3: Consistency of the biopsy results from endometrial sampling and hysteroscopy, n (%).

Hysteroscopic biopsy (gold standard)

Microscale endometrial
sampling biopsy

Endometrial
cancer

Endometrial
atypical hyperplasia

Normal or benign
endometrial changes

Intrauterine
occupational disease Total

Endometrial cancer 60 (4.8) 0 0 0 60 (4.8)
Endometrial atypical hyperplasia 51 (4.1) 41 (3.3) 0 0 92 (7.3)
Normal or benign endometrial changes 8 (0.6) 6 (0.5) 537 (42.6) 520 (41.3) 1071 (85.0)
Intrauterine occupational disease 0 0 0 37 (2.9) 37 (2.9)
Total 119 (9.4) 47 (3.7) 537 (42.6) 557 (44.2) 1260 (100.0)
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endometrial changes, includingnormal endometrium, benign
endometrial lesions and uterine occupational lesions. The
results showed that pathological diagnosis by the two
procedures had good consistency in detecting benign and
malignant endometrial diseases, with a kappa value of 0.950
(95% CI 0.925–0.975), as shown in Table 4.

In this study, 121 cases of endometrial cancer and 50 cases
of endometrial atypical hyperplasia were identified. The
sensitivity, specificity, and positive and negative predictive
values of microscale endometrial sampling biopsy were
91.7% (111/121), 100.0%, 100.0%, and 99.3% (1430/
1440) for detecting endometrial cancer, respectively, and
82.0% (41/50), 100.0%, 100.0%, and 99.4% (1501/
1510) for detecting endometrial atypical hyperplasia.
Medical cost comparison

Microscale endometrial sampling biopsy with endometrial
sampling device canbeperformed inoutpatient gynecological
clinics.Theoverallmedical costwas$44.49, including$24.22
for the endometrial sampling device, $5.47 for endometrial
sampling, and $14.79 for histopathological examination.
Hospital admission is required for hysteroscopic endometrial
biopsy. Excluding hospitalization expenses, the surgery-
related costs were $201.34, including $170.13 for hysteros-
copy, $16.42 for D&C, and $14.79 for pathological
examination. Clearly, the medical cost was considerably
lower for microscale endometrial sampling biopsy than for
hysteroscopic biopsy; the cost of the former procedure was
only 22.1% (44.49/201.34) of the cost of the latter.
Discussion

Histology is the gold standard for evaluating endometrial
conditions. Traditionally, endometrial samples for histo-
logic analysis can be obtained by hysteroscopy or D&C,
and these methods are considered to be reliable. However,
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these procedures are not suitable for screening because
they are invasive, complex, expensive, and painful and are
associated with certain surgical risks and complications.

The emergence of endometrial sampling devices has
provided new possibilities for endometrial cancer screen-
ing.[8] In this study, the endometrial sampling device was
used to harvest microscale endometrial tissue by circular
scraping, which can be called “intrauterine brushing.” In
contrast with other endometrial collection devices (such as
suction devices), the blades on the collection ring of the
device brush the endometrial tissue that has not fallen off.
After the collection ring is opened in the uterine cavity, it is
compatible with the uterine cavity, thus ensuring compre-
hensiveness of specimen collection as much as possible.
The four walls and bilateral corners of the uterine cavity
can be sampled. Considering the thin structure and flexible
material of the device, it can be freely inserted into and
withdrawn from the uterine cavity without requiring
dilation of the cervix, making this procedure minimally
invasive, painless, safe, and convenient.

In previous studies, various endometrial sampling devices,
such as aspiration devices or the pipelle, Tao brush, and
SAP-1 samplers, were used to harvest exfoliated endome-
trial cells to screen for endometrial cancer, i.e., the
endometrial cytological test (ECT). The endometrial cell
sampling adequacy rate of these devices is 73.9% to
100.0% for the pipelle sampler, 89.9% to 100.0% for the
Tao brush sampler and 96.3% for the SAP-1 sampler.[9,10]

However, the ECT cannot provide information about the
morphology of the endometrial glands, the proportions of
the glands, and the stroma; therefore, this test cannot
replace histopathological diagnosis.[11] Moreover, the
ECT lacks the cytological diagnostic criteria unanimously
accepted by cytologists.[12] Thus, the ECT has not been
widely accepted and used in practice for endometrial
cancer screening. More and more studies have evaluated
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the significance of endometrial cytology in endometrial
cancer screening.[13,14]

In this study, microscale endometrial tissue was collected
by the endometrial sampling device for pathological
examination to determine the pathological type and degree
of cell differentiation. The diagnostic criteria used with this
method were the same as those used for pathological
diagnosis with D&C or hysteroscopy. Therefore, endome-
trial device sampling for microscale endometrial tissue has
great potential for the screening and diagnosis of
endometrial lesions. Previously, our research group
performed microscale tissue sampling with the SAP-1
device before hysteroscopy (169/182) or D&C (13/182).
The rate of specimen adequacy was 81.3%. Menopausal
status, endometrial thickness, and endometrial lesion type
are important factors affecting the rate of specimen
adequacy.[15] Other researchers have reported that
endometrial sampling yields insufficient tissue for definite
pathological diagnosis in 6% to 33% of cases.[16-20] A
recent review indicated that the incidence of insufficient
tissue following endometrial sampling was 28.8%
(23.0%–35.0%). Significant independent factors associat-
ed with an increased risk of insufficient tissue were
menopausal status and endometrial thickness less than 8
mm.[21] In this study, the rate of endometrial tissue
specimen adequacy was 81.2%, consistent with previous
studies. Patient age, menopausal status, and endometrial
disease types were risk factors for specimen adequacy,
while endometrial thickness was a protective factor for
specimen adequacy.

The purpose of this study was to evaluate the possibility of
using microscale endometrial sampling biopsy with a
sampler to detect endometrial cancer in patients undergo-
ing hysteroscopy in current clinical practice. Therefore, the
heterogeneity of the patients was relatively high. Due to the
inclusion of 758 cases (65.9%) of intrauterine occupation-
al disease, for which the sample adequacy rate was only
73.5%, the overall sample adequacy rate was reduced. For
those with endometrial thickness less than 6.5 mm,
especially postmenopausal patients, microscale endome-
trial sampling biopsy should be used with caution to avoid
missed diagnoses due to sample inadequacy. Therefore, the
circular endometrial sampling device for microscale tissue
biopsy is recommended for use in patients with an
endometrial thickness greater than 6.5 mm and in patients
with suspected endometrial cancer and atypical hyperpla-
sia.

The results of the diagnostic consistency analysis suggested
that microscale endometrial sampling biopsy has poor
value in diagnosing intrauterine occupational diseases,
possibly due to the tough tissue beyond the endometrium
in these lesions and the difficulty of obtaining sufficient
specimens. Thus, the sampling device is suitable for
endometrial biopsy. Uterine occupational diseases beyond
the endometrium should be diagnosed via hysteroscopy
with direct biopsy. However, microscale endometrial
sampling biopsy was efficient in differentiating malignant
endometrial lesions from benign endometrial diseases.
Moreover, the sensitivity, specificity, and positive and
negative predictive values of microscale endometrial
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sampling biopsy were satisfactory for detecting endome-
trial cancer and atypical hyperplasia.

In this study, the costs of the two procedures were
compared. The results showed that the overall medical cost
was considerably lower for microscale endometrial
sampling biopsy than for hysteroscopic biopsy.

In summary, specimen adequacy for pathological exami-
nation can be achieved using endometrial device sampling
with microscale tissue biopsy. However, this procedure has
limited significance in diagnosing endometrial benign
lesions, especially intrauterine occupational lesions. Due
to the higher sensitivity, specificity, and agreement rate and
the significantly lower cost, microscale endometrial
sampling biopsy can be used as a screening method for
endometrial cancer and atypical hyperplasia. Further,
hysteroscopic biopsy should be performed when specimen
adequacy is not achieved via device sampling. Therefore,
this method is not intended to replace hysteroscopy or
D&C for endometrial cancer diagnosis but should be used
as a screening method for endometrial cancer in high-risk
women so that fewer must undergo invasive hysteroscopy.
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