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Abstract

Background

Uterine leiomyomas and adenomyosis are both common and often associated with abnor-
mal uterine bleeding (AUB), including the symptom of heavy menstrual bleeding (HMB).
Understanding the prevalence of adenomyosis in women with uterine leiomyomas could
inform clinicians and patients in a way that may improve therapeutic approaches.

Objective

To explore the prevalence of adenomyosis in a group of women who underwent hysterec-
tomy for AUB-L, to determine the prevalence of submucous leiomyomas, and to examine
the utility of preoperative ultrasound to detect the presence of adenomyosis.

Methods

The Kaiser Permanente Hysterectomy Database (KPHD) was searched for women aged
18-52 undergoing hysterectomy for leiomyoma-associated chronic AUB (AUB-L) in 2018
and 2019. A target sample of 400 comprised those with at least 3 years in the Health Sys-
tem. Radiologists evaluated preoperative pelvic ultrasound images to determine leiomyoma
size and level 2 FIGO type (submucous or other), and the linked electronic medical record
abstracted for clinical features, including histopathological evidence of adenomyosis.

Results

Of the 370 subjects that met the study criteria, adenomyosis was identified via histopathol-
ogy in 170 (45.9%). There was no difference in the adenomyosis prevalence with (47.1%)
and without (43.0%) at least one submucous leiomyoma. Subgroup analysis of ultrasound
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images by an expert radiologist for the presence of adenomyosis demonstrated a positive
predictive value of 54.0% and a negative predictive value of 43.4%.

Conclusions

Adenomyosis was present in almost half of this AUB-L cohort undergoing hysterectomy and
was equally prevalent in those with and without submucous leiomyomas as determined by
sonographic evaluation. The imaging findings are in accord with prior investigators and dem-
onstrate that 2-D ultrasound is insensitive to the presence of adenomyosis when the uterus
is affected by leiomyomas. Further research is necessary to determine the impact of various
adenomyosis phenotypes on the presence and severity of the symptom of HMB.

Introduction

Abnormal uterine bleeding (AUB) is a frequently reported symptom for non-pregnant women
in their reproductive years. The prevalence, based on health care system databases, suggests
that up to one-third will be affected at some time in their lifetime [1, 2]. While high, these data
likely underestimate the true prevalence of these symptoms. Evidence from survey data sug-
gests one of the AUB symptoms, heavy menstrual bleeding (HMB), may have a point preva-
lence of as high as 50% [3, 4].

Several potential causes or contributors to AUB symptoms have been codified in the system
developed by FIGO, known as FIGO AUB System 2, or the PALM-COEIN system, initially
published in 2011 [5] and then revised in 2018 [6]. Adenomyosis and leiomyomas are two
common findings in women with AUB in the reproductive years. Leiomyomas have been
reported in as many as 70 to 80% of women by the age of 50 using simple ultrasound tech-
niques [7]. While at least 50% of affected women are asymptomatic, the overall incidence of
AUB associated with lelomyomas (AUB-L) is estimated to be anywhere from 14-25% [5, 8]
and it has been estimated that most of the roughly 600,000 hysterectomies performed annually
in the US are for one or a combination of AUB and leiomyomas [9, 10]. It is generally accepted
that to cause the symptom of heavy menstrual bleeding (HMB), a lelomyoma should be in con-
tact with the endometrium (submucous or SM) [11], thereby presenting an opportunity for
the tumor’s molecular expressions, such as TGF-f33, to disrupt local hemostasis [12].

Adenomyosis is defined as the existence of endometrial glands and stroma in the myome-
trium, typically accompanied by surrounding myometrial hyperplasia and hypertrophy. While
adenomyosis is frequently asymptomatic [13] it is another potential cause or contributor to
AUB symptoms (AUB-A) with an estimated prevalence, based on imaging studies, of 20-35%
[14, 15]. Available evidence suggests that adenomyosis and leiomyomas are commonly found
together in women who undergo hysterectomy, typically for AUB, with a reported prevalence
ranging from 15 to 57% [16-20].

There is evidence that those women with adenomyosis, in addition to leiomyomas
(AUB-A; -L), may have a disproportionate symptom burden, including subjectively increased
menstrual bleeding volume and a greater degree of dysmenorrhea [21, 22]. Since both adeno-
myosis and leiomyomas are frequently asymptomatic, they may coexist with other disorders
that are the actual causes or contributors to the AUB symptoms, including coagulopathies
(AUB-C), ovulatory dysfunction (AUB-O), and primary endometrial disorders (AUB-E). The
advent of various uterine-preserving procedural interventions and the use or introduction of a
spectrum of medical interventions challenges clinicians as we enter an era where personalized
medicine and shared decision-making are beginning to dominate practice. Consequently,
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there exists a need to distinguish amongst these various causes or contributors to AUB and
other symptoms in a fashion that informs treatment decisions. While pelvic ultrasound has
been shown to be highly sensitive and specific for the detection of adenomyosis [23-25], avail-
able evidence suggests that when leilomyomas are present, both sensitivity and specificity
diminish [26, 27].

We designed this retrospective, descriptive study to explore the prevalence of adenomyosis
in a group of women who underwent hysterectomy for AUB-L, to determine the prevalence of
submucous leiomyomas, and to examine the utility of preoperative ultrasound to detect the
presence of adenomyosis. The association of histopathological evidence of adenomyosis in
cases without a sonographically defined submucous leilomyoma was also examined.

Methods
Study design

A retrospective, descriptive, cross-sectional study was designed to query the Hysterectomy
Database (HD) populated by a physician entry into the Hysterectomy Registry and associated
electronic medical record (EMR) at Kaiser Permanent Southern California (KPSC). In this ret-
rospective data-only study, the research involved minimal risk to participants and involved no
procedures for which signed consent is usually required; thus, we received a waiver of written
informed consent from the KPSC Institutional Review Board. This study was approved by the
Health Maintenance Organization’s (HMO) Institutional Review Board, was conducted in
accordance with ethical principles of the current Declaration of Helsinki, and was consistent
with the International Conference Harmonization Good Clinical Practice ICH-GCP) and
Good Epidemiology Practices (GEP) and applicable regulatory requirements.

Study population

The source population comprises members of a large integrated healthcare delivery system
that provides comprehensive care for over 4.5 million diverse health plan members across
southern California. The primary data source for the overall cohort assembly and charac-
terization was from the HMO’s Hysterectomy Registry/Database EMR form(s) populating
the HD, including the EMR chart data. Part of a systemic policy regarding EMR documen-
tation of benign hysterectomy cases, relevant fields captured in each of the registry entries
include pre-operative diagnosis (endometriosis, adenomyosis, and uterine fibroids), history
and duration of AUB symptoms, and history and duration of pelvic pain. As part of the
operative note, findings are easily captured immediately postoperative with checkboxes
documenting the surgeon-observed presence of endometriosis and leiomyoma, among
other variables.

The first step was to identify patients aged 18-52 years, with at least 3 years of registration
in the HMO, who underwent hysterectomy between January 1, 2018, and December 31, 2019,
with a pre-operative (clinical) diagnosis of chronic AUB associated with uterine leilomyomas
(AUB-L). To exclude individuals with acute heavy menstrual bleeding, to be eligible, it was
necessary to have at least one AUB diagnosis code in the EMR system 30 days before the hys-
terectomy. The electronic medical record (EMR) was also searched to determine the propor-
tion of cases with an AUB diagnostic code entered 180 or more days before the hysterectomy.
This study data collection and analysis was conducted from January 2020- December 2022.

Cases were selected from the registry database if they had a preoperative diagnosis of AUB
and leiomyoma and confirmed via chart review documenting the presence of UF along with
additional data on fibroid type, location, and size. The cohort of reviewed cases required a
post-operative diagnosis of uterine lelomyomas as documented in the related pathology report.
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Those with a history of gynecologic malignancy, adnexal mass, or symptomatic pelvic relaxa-
tion were excluded from the study.

Sample determination

A research analyst obtained a stratified random sample of 400 hysterectomy cases from the
HD where “leiomyoma” was identified in the preoperative diagnosis field. While random
sampling of all age strata was performed and data stratified by age category, it was felt
essential to skew the cohort composition such that older women in the later reproductive
years were underrepresented. This meant that age strata 40-44 years were randomly
selected in a 2:1 radio compared to those aged 45-52 years. All study staff had access to the
medical records of the identified cohort from the database for chart abstraction and review
of radiology reports. However, during analysis, the data set was aggregated and fully
anonymized.

Chart abstraction

Research Associates conducted chart abstraction tasks utilizing REDCap, a secure web
application for building and managing online surveys and databases. The purpose of the
chart abstraction was to further assess HD data quality by comparing those data housed in
the registry with those from the EMR. The chart abstraction process documented the clini-
cal course of patients with a history of AUB-L who underwent a hysterectomy, including
diagnosis, initial symptoms, comorbidities, fertility status, and medical and surgical treat-
ments. The chart abstractors collected relevant data for up to 3 years before the hysterec-
tomy procedure date. The EMR chart review included outpatient, inpatient, and
emergency data, pharmacy records, and searchable physician notes. The abstractors also
documented the preoperative and postoperative diagnoses and radiologic diagnoses,
including ultrasound (US), computerized tomography (CT), and magnetic resonance
imaging (MRI). Operative notes and pathology reports associated with the hysterectomy
were reviewed to confirm the post-operative diagnosis of uterine leiomyomas and identify
endometriosis and/or adenomyosis. The imaging reports were reviewed to determine the
size and location (anterior, posterior, lateral, fundal, pedunculated) of the largest fibroids
up to three in number.

Radiologist review

Two health plan radiologists unaware of the final post-hysterectomy pathology diagnosis
reviewed images (not reports) after the chart abstractors completed their work to identify
missing data on the imaging-based location of the three largest fibroids. Radiologist 1 reviewed
images from 231 cases that had missing US report data for the location and diameters of
fibroids and recorded these metrics in case report forms. Radiologist 2 was given a unique set
of records, also with missing data, and reviewed the US images reporting location, FIGO type,
and uterine and leiomyoma volume, and specifically determined if and how many submucous
fibroids were found regardless of size. The pelvic ultrasound images of this subset were also
reviewed for the presence of adenomyosis using the following criteria: Asymmetrical myome-
trial thickening, indistinct endo-myometrial interface, echogenic linear striations, nodules
extending from the endometrium into the myometrium. The reviewer was asked to select
from a scale that ranged from absent features correlating to adenomyosis to unlikely to likely
with a category for “can’t determine” if the file was unreadable for technical reasons or if the
leiomyoma presence obscured interpretation.
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Statistical analysis

The characteristics of the samples of the two radiologists were compared using the %2 test or the
Fisher exact test for categorical variables and the Kruskal-Wallis test for continuous variables, as
appropriate. The association between adenomyosis present and absent and FIGO type was
assessed using the 2 test for independence. Two-sided P values < 0.05 were considered statisti-
cally significant. The sensitivity (percent with radiologically likely adenomyosis who also had
histopathologically-determined adenomyosis) and specificity (percent with unlikely or no ade-
nomyosis on imaging who also had histopathological adenomyosis) were calculated to compare
the radiologic diagnosis and the gold standard of histopathological examination of the uterus. To
further understand these differences, the positive predictive value (PPV) was calculated (percent-
age with histopathological adenomyosis among those with likely adenomyosis on radiological
imaging) as well as the negative predictive value (NPV), the percentage with no histopathological
evidence of adenomyosis among those with radiologically unlikely/no adenomyosis. All statisti-
cal analyses were performed using SAS version 9.4 (SAS Institute, Inc., Cary, NC).

Results
Cohort identification

The hysterectomy database (HD) was searched to identify cases of AUB-L performed on
women 18-52 years of age who were in the HMO for at least 3 years before the performance of
the procedure. The resulting 1,243 cases were reduced to 400, disproportionately sampling
those aged 40-44 years over those 45-52. Of this sample, 14 had no documentation of leiomyo-
mas histopathologically, and 16 had no preoperative ultrasound report in the database (Fig 1).

Demographics

The subject selection process is summarized. Ultimately, 400 records were obtained for review;
after evaluation, 30 were excluded for the absence of fibroids on the pathology report [14] or
the pelvic ultrasound report (n = 16), leaving 370 available for analysis. The demographic fea-
tures of this cohort and the subgroup evaluated by Radiologist 2 are displayed in Table 1.
Almost half of the subjects were between 40 and 44, and the mean age was 41.9 years. Notably,
nearly 50% of the participants identified as Hispanic, almost a quarter were Black, and just
under 20% were White. The mean BMI was 31.4, with 51.8% of these subjects categorized as
obese Class 1, 2 or 3. While the inclusion criteria defined the population to include those with
an AUB diagnostic code at least 30 days before hysterectomy, a thorough chart audit showed
that 277/370 (74.9%) of the cohort had AUB diagnostic codes entered at least 180 days before
the surgical intervention.

Table 2 demonstrates the pre-hysterectomy medical and surgical interventions reported for
the overall cohort and those with and without adenomyosis. The most common medical inter-
ventions were gonadotropin-releasing hormone analogs (36.8%), NSAIDS (62.4%), and progestin
therapy, implantable (1.4%), oral (26.2%), or intrauterine (31.6%). Given that D&C and steriliza-
tion are not considered therapeutic for AUB, procedural interventions included laparoscopy
(15.9%), hysteroscopic myomectomy (9.5%), and myomectomy performed via an abdominal
approach (6.8%). There were no differences in the frequency of any pre-hysterectomy interven-
tion between those women with and without histopathological evidence of adenomyosis.

Evaluation for the presence of adenomyosis and endometriosis

Adenomyosis was identified in 170 of the 370 evaluable cases for a prevalence of 45.9%
(Table 1). There was no difference in the histopathological prevalence of adenomyosis based
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STUDY FLOW

HMO Hysterectomy Database (HD);
2014-2019 N =17,820

Excluded those with hysterectomy before 2018: N = 9,602 |

Excluded HMO member < 3 years before hysterectomy: N = 2,514 |

Excluded member <18 or >52 years at date of hysterectomy: N = 1,949 |

Excluded cases without a preoperative diagnosis of fibroids: N = 1,750 |

Excluded those without AUB* diagnosis > 30 days: N = 452 |

Hysterectomy in 2018-9, Age 18 — 52, AUB-L** > 30 days

N =1,243
|
Distribution of 1,243 Cases
Age Year / %
Strata | 2018 % 2019 | % Total %
18-34 13 1.05% 8 0.64% 21 1.69%

35-39 61 4.91% 44 3.54% 105 8.45%

40-44 197 15.85% 186 14.96% 383 30.81%
45-52 404 32.50% 330 26.55% 734 59.05%
Total 675 54.31% 568 45.69% 1243 100.00%

Distribution of 400 Cases Randomly Selected by Strata
Age Year / %
Strata 2018 % 2019 % Total
18-34 13 3.25% 8 2.00% 21 5.25%
35-39 61 15.25% 44 11.00% 105 26.25%
40-44 97 24.25% 85 21.25% 182 45.50%
45-52 50 12.50% 42 10.50% 92 23.00%
Total 221 55.25% 179 44.75% 400 100.00%

%

N=14 |No leiomyomas
N =16 |No ultrasound i
N =370 Full Analysis Set

Exclusions N = 30

Fig 1. Adenomyosis in reproductive aged women undergoing hysterectomy for abnormal uterine bleeding
associated with uterine leiomyomas. *AUB: Abnormal uterine bleeding. **AUB-L: Abnormal uterine bleeding
associated with leiomyomas.

https://doi.org/10.1371/journal.pone.0294925.9001

on the presence or absence of a submucous myoma (Table 3). The presence of endometriosis
was documented based either on histopathology or the description in the operative report.
Endometriosis was present in 13.5% of the cohort, with no significant differences between
those with and without a submucous leiomyoma.

A review of the imaging used by the HMO’s clinicians demonstrated that MRI was uncom-
monly employed, whereas pelvic ultrasound was performed in almost all of the subjects identi-
fied in the database. Consequently, the radiologists evaluated pelvic ultrasound images to
determine the relevant features of the leiomyomas in this cohort of women. Radiologist 2
reviewed the pelvic ultrasound images from a subgroup of 155 records of subjects with a simi-
lar demographic distribution to the overall cohort and a similar histopathological prevalence
of adenomyosis (Table 1). Of these, 16 had no identifiable ultrasound images, making 139
evaluable for subgroup analysis (Table 5). A total of 36, or 25.9% of the ultrasound studies,
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Table 1. Demographics of entire cohort and radiological subgroup.

Adenomyosis Presence

Full Data Set Radiology Subset
Yes No Total Yes No Total

Demographic Elements 170 200 370 70 69 139
Age (year) Mean+SD 42.5+4.4 41.3+4.7 41.9+4.6 42.7+4.1 40.8+4.2 41.8+4.3
Age Categories, n (%)

18-34 4(2.4) 15 (7.5) 19 (5.1) 0 (0.0) 6(8.7) 6(4.3)

35-39 41 (24.1) 54 (27.0) 95 (25.7) 18 (25.7) 19 (27.5) 37 (26.6)

40-44 80 (47.1) 89 (44.5) 169 (45.7) 35 (50.0) 35 (50.7) 70 (50.4)

45-52 45 (26.5) 42 (21.0) 87 (23.5) 17 (24.3) 9(13.0) 26 (18.7)
Race Ethnicity, n (%)

White 26 (15.3) 44 (22.0) 70 (18.9) 12 (17.1) 21 (30.4) 33(23.7)

Black 41 (24.1) 45 (22.5) 86 (23.2) 14 (20.0) 15 (21.7) 29 (20.9)

Hispanic 85 (50.0) 94 (47.0) 179 (48.4) 38 (54.3) 29 (42.0) 67 (48.2)

Asian/Pacific Islander 15 (8.8) 15 (7.5) 30(8.1) 5(7.1) 4(5.8) 9 (6.5)

Other/Unknown 3(1.8) 2(1.0) 5(1.4) 1(1.4) 0 (0.0) 1(0.7)
BMI (kg/mz) Mean+SD 31.0+6.5 31.7+6.7 31.4+6.6 31.3£7.2 31.2+6.6 31.2+6.9
BMI Categories, n (%)

< 24.9 (under/normal) 29 (17.1) 36 (18.0) 65 (17.6) 13 (19.6) 16 (23.2) 29 (20.9)

25.0-29.9 (overweight) 52 (30.6) 59 (29.5) 111 (30.0) 21 (30.0) 17 (24.6) 38 (27.3)

30.0-34.9 (obese class 1) 46 (27.1) 47 (23.5) 93 (25.1) 18 (25.7) 16 (23.2) 34 (24.5)

35.0-39.9 (obese class 2) 27 (15.9) 33 (16.5) 60 (16.2) 10 (14.3) 13 (18.8) 23 (16.6)

40+ (obese class 3) 15 (8.8) 24 (12.0) 39 (10.5) 7 (10.0) 7 (10.1) 14 (10.1)

Missing 1(0.6) 1(0.5) 2(0.5) 1(1.4) 0(0.0) 1(0.7)

https://doi.org/10.1371/journal.pone.0294925.t001

were designated “can’t determine” by the radiologist. This left 103 subjects for which the
reviewer determined the presence or absence of sonographic features suggestive of adenomyo-
sis (Table 4). The categories “no” and “unlikely” were conflated to indicate that such features
were not present, while ‘likely” suggested the presence of adenomyosis. Using these categories,
the sensitivity and specificity were 47.4% and 50.0%, respectively, while the positive and nega-
tive predictive values were 54.0 and 43.4%.

Table 5 demonstrates the relationship between adenomyosis and a preoperative complaint
of either AUB only or AUB and chronic pelvic pain. The chronic pelvic pain elements com-
prised one or a combination of dysmenorrhea, dyspareunia, and acyclic pelvic pain or pres-
sure. Those women with pain and AUB were no more likely to have adenomyosis identified in
their hysterectomy specimens.

Discussion

The data obtained from the present study showing 45.9% with histological evidence of adeno-
myosis are consistent with the notion that the prevalence of adenomyosis in those undergoing
hysterectomy for benign reasons is high. Our 2-D ultrasound data demonstrated that 71% of
the cohort had findings consistent with at least one submucous leiomyoma, including the spec-
trum of FIGO Types, including types 2-5, 3-5, and 3. There was no difference in the frequency
of histologically-determined adenomyosis based on the presence or absence of at least one sub-
mucous leiomyoma.

The study expert radiologist could only offer an opinion regarding the presence or absence
of adenomyosis in three-quarters of the 2-D ultrasound images. Even in those cases where an
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Table 2. Pre-hysterectomy medical and procedural interventions.

Adenomyosis
Yes (N =170) No (N =200) Total (N = 370) P-value'

Pre-surgical treatment, n (%)
GnRH analog 59 (34.7) 77 (38.5) 136 (36.8) 0.5164
Combined Hormonal Contraception

Oral 58 (34.1) 80 (40.0) 138 (37.3) 0.2809

NuvaRing 1(0.6) 3(1.5) 4(1.1) 0.6279
Progestins & Progestin Modulators

Nexplanon/Implanon 2(1.2) 3(1.5) 5(1.4) 1.0000

Progesterone Receptor Blocker 1(0.6) 3(1.5) 4(1.1) 0.6279

Progestin Containing IUS (Mirena) 48 (28.2) 69 (34.5) 117 (31.6) 0.2179

Oral or injectable 41 (24.1) 56 (28.0) 97 (26.2) 0.4092
Tranexamic Acid 7 (4.1) 9 (4.5) 16 (4.3) 1.0000
NSAIDS 114 (67.1) 117 (58.5) 231 (62.4) 0.1062
Other 48 (28.2) 44 (22.0) 92 (24.9) 0.1851
None 10 (5.9) 14 (7.0) 24 (6.5) 0.8328
Surgical procedure before hysterectomy, n (%)
Myomectomy

Hysteroscopic 15 (8.8) 20 (10.0) 35(9.5) 0.7253

Laparoscopic or laparotomic 9 (5.3) 16 (8.0) 25 (6.8) 0.4064
Uterine artery embolization 2(1.2) 1(0.5) 3(0.8) 0.5960
Laparoscopy (Diagnostic Only) 1(0.6) 4(2.0) 5(1.4) 0.3799
Laparoscopy (Operative) 21(12.4) 38 (19.0) 59 (15.9) 0.0887
Endometrial ablation 10 (5.9) 12 (6.0) 22 (5.9) 1.0000
High-Frequency Ultrasound (HiFU) 1(0.6) 0(0.0) 1(0.3) 0.4595
Hysteroscopic resection (Not specified) 16 (9.4) 14 (7.0) 30 (8.1) 0.4473
Leiomyoma RF Ablation 1(0.6) 0(0.0) 1(0.3) 0.4595
Ovarian cystectomy 6 (3.5) 4(2.0) 10 (2.7) 0.5227
Removal of ovary 5(2.9) 2(1.0) 7 (1.9) 0.2548
Salpingectomy 11 (6.5) 5(2.5) 16 (4.3) 0.0743
Tubal ligation/sterilization/Essure 43 (25.3) 34 (17.0) 77 (20.8) 0.0547

'Fisher Exact p-value;

https://doi.org/10.1371/journal.pone.0294925.t002

opinion was offered, the sensitivity and specificity were in the range of 50%, data that suggest
that, at least in this study, transvaginal ultrasound was not a useful tool for detecting adeno-

myosis women with lelomyomas.

Other investigators have found that adenomyosis is frequently found in women undergoing
hysterectomy for benign indications, with prevalence ranging from 8.8 to 61.5% [16-19, 28].

Sonographic evidence of adenomyosis in the presence of leiomyomas has been previously

identified in 22.8% of women attending a UK gynecological clinic [14]. However, to our
knowledge, this is the first report specifically evaluating the prevalence of adenomyosis in a
population of women undergoing hysterectomy for chronic AUB-L. While the prevalence of

45.9% is high, the lack of a standardized pathological protocol for uterine dissection leaves

open the possibility that the actual prevalence of adenomyosis in this population may be even

higher, as suggested by Bird et al. [28].

Using our methodology, the prevalence of endometriosis in this cohort was 13.5%: 15.3% in
cases where adenomyosis was identified. Evidence on the combined prevalence of
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Table 3. Presence of adenomyosis and endometriosis by leiomyoma subtype’.

Leiomyoma Type (FIGO Level 2)

Submucous n = 263

TOTAL

Other n =107

Subtype (Radiology) N = 370 Comorbidity (Pathology and/or OR Report)
Adenomyosis +/- Endometriosis | Leiomyoma +/- Endometriosis | Total | Adenomyosis
N N N %

Intracavitary (0) 4 2 6 66.7%
Submucous (1, 2) 21 17 38 55.3%
Intramural/Submucous (3) 34 31 65 52.3%
Trans-mural (2-5, 3-5) 65 89 154 42.2%
Subtotal 124 139 263 47.1%
Intramural (4) 22 18 40 55.0%
Subserous (5, 6) 19 31 50 38.0%
Pedunculated (7) 5 12 17 29.4%
Subtotal 46 61 107 43.0%

170 200 370 45.9%

'Based on FIGO Level 2 criteria (submucous or “other”).

https://doi.org/10.1371/journal.pone.0294925.t003

endometriosis and adenomyosis is not robust [29] with available estimates ranging from a
third to more than half depending on the phenotypes of endometriosis and adenomyosis stud-
ied [30, 31]. We believe that the prevalence of endometriosis in our cohort may be an underes-
timation. This relates, in part, to the fact that in this retrospective work we were able to
confirm the presence of adenomyosis and leiomyomas histopathologically, while the diagnosis
of endometriosis was largely based upon the operative reports that were created outside of any
research protocol.

It is unclear to what degree adenomyosis added to this cohort’s pain and AUB symptoms
that led to the hysterectomy. However, given the presumption that submucous leiomyomas
are more likely to cause the symptom of HMB, we hypothesized that women without such
lesions would have a higher prevalence of adenomyosis. However, this was not the case, as ade-
nomyosis was found histopathologically in 46.3% of those cases with a submucous leiomyoma
and 45.2% without such a finding. While there are a number of possible explanations for such
findings, it is apparent that adenomyosis, like many disorders, comprises a spectrum of pheno-
typical and molecular expressions that manifest in a variable degree of symptoms. For exam-
ple, using transvaginal ultrasound for the diagnosis of adenomyosis, and pictorial blood loss

Table 4. Radiologist versus histopathological diagnosis of adenomyosis'.

Radiologist Read Adenomyosis (final post-operative diagnosis)
Present Absent Total
Likely 27 23 50
No/Unlikely 30 23 53
Total 57 46 103
Sensitivity 47.4%
Specificity 50.0%
PPV 54.0%
NPV 43.4%

'Only 74.1% of these images were evaluable by the radiologist for the presence of adenomyosis, so the utility of these

ultrasound images was even less than reflected in the table data.

https://doi.org/10.1371/journal.pone.0294925.t1004
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Table 5. Presence of pain'.

FIGO Type Adenomyosis Present Adenomyosis Absent Total
N % N %
Oorl 1 1.4 0 0.0 1
1 6 8.6 4 5.8 10
Both 0 &1 7 10.0 4 5.8 11
2 8 11.4 5 7.2 13
2-5 32 45.7 37 53.6 69
Both 2 & 2-5 40 57.1 42 60.9 82
3 5 7.1 2 2.9 7
3-5 1 1.4 0 0.0 1
Both 3 & 3-5 6 8.6 2 2.9 8
Any Submucous 53 75.7 48 69.6 101
No Submucous 17 24.3 21 30.4 38
Total 70 100.0 69 100.0 139

'Comparison of the diagnosis of adenomyosis in women presenting with AUB only and AUB with chronic pelvic

pain.

https://doi.org/10.1371/journal.pone.0294925.t1005

assessment chart (PBLAC) scores [32] for menstrual volume, Naftalin and colleagues demon-
strated that the mean scores varied from normal (<100), to about 300 depending on the num-
ber of sonographically visualized adenomyosis features [33]. Others have reported on the
histopathological evaluation of hysterectomy specimens for depth of involvement and the
number of foci of glandular tissue in the myometrium and found associations with the esti-
mated volume of bleeding [28, 34]. Absent a prospective protocol, we were unable to charac-
terize the adenomyosis in this cohort beyond determining its presence or absence. There are
also several other possible causes of the symptom of HMB that were not addressed in this
work. These include non-structural causes of AUB, such as coagulopathies, ovulatory dysfunc-
tion, and primary disorders of endometrial hemostasis, diagnoses that were not consistently
evaluable in the health plan’s Hysterectomy Database or EMR used as source materials for this
study.

The use of transvaginal pelvic ultrasound and MRI-based uterine imaging for the diagnosis
of adenomyosis has revolutionized the evaluation of a disorder that was previously confirmed
only following hysterectomy [27, 35-37]. High-quality evidence has suggested that two-dimen-
sional (2-D) ultrasound is not only highly specific and sensitive for the diagnosis of adenomyo-
sis but is substantially equivalent to MRI as each has sensitivity and specificity in the range of
80% [23-25] that may be even higher with newer techniques, the inclusion of more features,
and, for ultrasound, performed and interpreted by a well-trained sonographer [37, 38]. How-
ever, it should be understood that the evidence regarding the sensitivity and specificity of
transvaginal ultrasound was acquired principally from studies evaluating uteri unaffected with
leiomyomas. The relatively poor sensitivity and specificity for 2-D transvaginal ultrasound
found in our study supports the work of other investigators [26, 27]. Consequently, MRI
appears to be a better imaging method when it is deemed important to evaluate a uterus for
adenomyosis when leiomyomas are present.

For clinicians, determining the etiology and, thus, a plan for management for women with
chronic AUB can be complicated. In part to address this issue, a nomenclature system to
describe AUB systems (FIGO AUB System 1) and an etiology-based classification system were
first designed and published by the International Federation of Gynecology and Obstetrics
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(FIGO) in 2011 [5] and revised in 2018 [6]. The classification system, called System 2, and
known by the acronym “PALM-COEIN”, categorizes structural abnormalities of the endome-
trium and myometrium as well as non-structural local and systemic disorders that impact
endometrial hemostasis including coagulopathies (AUB-C), ovulatory disorders (AUB-O),
and primary endometrial dysfunction (AUB-E). It is recognized that one or more of these
pathologies can co-exist. Still, and importantly, many structural abnormalities are asymptom-
atic-including polyps, adenomyosis, and leiomyomas-leaving the functional disorders as the
actual cause of the patient’s complaint. Currently, evaluating individuals for these nonstruc-
tural causes of AUB in general and HMB, in particular, requires the implementation of FIGO
AUB System 1, a structured history that includes the determination of ovulatory status and
risk factors for the presence of a coagulopathy. Unfortunately, the design of our protocol pre-
cluded any determination of these historical features and potential diagnoses of AUB-C, -O,
and -E.

Although it seems clear that some leiomyomas cause or contribute to AUB symptoms in
general and that of HMB in particular, it is also apparent that not all leiomyomas cause abnor-
mal “menstrual” bleeding [39, 40]. By extension, it can be hypothesized that when AUB exists
in the presence of lelomyomas (AUB-L), there may be other causes or contributors to the
symptoms that include endometrial polyps or adenomyosis and the non-structural disorders
that are associated with deficient systemic or local hemostatic mechanisms. Consequently, pro-
cedures such as endometrial polypectomy or even myomectomy may not improve the bleeding
symptoms, and an observation clinicians should consider and share with patients contemplat-
ing surgical management.

This work’s findings, strengths, and limitations can inform the design and interpretation of
future research. First, the utility of such large databases would be well served by more granular
inclusion of specific symptoms and findings related to abnormal uterine bleeding and chronic
pain in general and adenomyosis and leiomyomas in particular. The two FIGO AUB Systems
[6] could form the core of abnormal uterine bleeding databases, and elements such as those
based on work by members of the International Pelvic Pain Society would be useful for chronic
pain [41]. The asymptomatic nature of many cases of endometriosis and uterine findings,
including leiomyomas and endometriosis, means that it is important for databases to capture
other potential contributors to AUB, such as coagulopathies (AUB-C), ovulatory dysfunction
(AUB-O), and primary endometrial disorders (AUB-E) as well as the spectrum of potential
causes of chronic pelvic pain such as levator floor myalgia, irritable bowel syndrome, and blad-
der dysfunction. Such an approach is also important for the results of pelvic imaging included
in such databases, with standardized reporting of ultrasound and MRI findings. Of course.
There is a need for the development of genetic and molecular markers that may assist in deter-
mining the clinical relevance of findings demonstrated by the clinical assessment.

The strengths of this retrospective study include the unique perspective of evaluating
women undergoing hysterectomy for AUB-L and the relatively large sample size taken from
the database of a community health care system. These circumstances may support the gener-
alizability of the results. The preoperative diagnosis entered into the HD was remarkably accu-
rate in predicting the presence of lelomyomas in this population. Still, it was less robust as a
tool for identifying adenomyosis and the various nonstructural potential contributors to AUB
symptoms. This is due to the fact it was a database linked to the hysterectomy procedure and
not to a granular repository of clinical features that would allow a more precise determination
of the symptoms, findings, and appropriate laboratory investigations necessary to identify the
nonstructural causes of chronic AUB.

There are several other limitations to this work. The prevalence of adenomyosis was high
and consistent with the reports of others but may have been underestimated because there was
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no prospective protocol for dissection of the myometrium. Due to the retrospective design,
slide review was not consistently available, and specimens were discarded, not availing the
investigators’ availability for extra sectioning, likely down biasing the prevalence of adenomyo-
sis. The database was not designed to provide granularity regarding elements of patient symp-
tomatology, including the frequency, duration, regularity, and subjectively determined
severity of menstrual blood loss, features that might give some indication of the presence of
other causes or contributors to AUB symptoms. Other investigators have associated more
severe pelvic pain in women with leiomyomas and adenomyosis [21, 22]. However, the data-
base was also limited with respect to characteristics of the pain experienced by the subjects,
including cyclicity, severity, duration, and location that could have contributed to the decision
to undergo hysterectomy. The radiologists comprised a single generalist and one with specific
interest and training in the interpretation of pelvic ultrasounds. A larger cohort of radiologists
with different training and in other institutions might have provided more generalizable
results.

Conclusion

This work is consistent with the results of others demonstrating that adenomyosis is frequently
found in women deciding to undergo hysterectomy for AUB-L. However, the role of adeno-
myosis in the generation of AUB symptoms, including HMB, is unclear from these data. His-
topathological or imaging-based, well-defined phenotyping for disease burden might identify
features more likely to contribute to symptoms. Similar to the findings of other investigators,
2-D pelvic ultrasound appears to be of limited value for the diagnosis of adenomyosis in the
presence of leiomyomas: MRI is probably more precise and sensitive but was uncommonly uti-
lized and, consequently, not evaluated in this work. Nevertheless, if there is suspicion that ade-
nomyosis may be contributing to the patient’s symptoms, MRI should be considered as a more
appropriate evaluation method in a way that better informs counseling regarding medical or
surgical interventions. Furthermore, to be optimally useful, databases such as the HD would
benefit from the inclusion of clinical features assimilated in a fashion that facilitates a more
complete exploration of the contributors to AUB symptoms. Such an approach could facilitate
the research necessary for clinicians to design more personalized treatment strategies.

Author Contributions
Conceptualization: Neal M. Lonky, Jamie B. Vora, Malcolm G. Munro.

Data curation: Vicki Chiu, Cecilia Portugal, Erika L. Estrada, John Chang, Heidi Fischer, Law-
rence I. Harrison, Lauren Peng.

Formal analysis: Heidi Fischer.
Funding acquisition: Neal M. Lonky, Malcolm G. Munro.

Methodology: Neal M. Lonky, Vicki Chiu, Cecilia Portugal, Heidi Fischer, Jamie B. Vora, Lau-
ren Peng, Malcolm G. Munro.

Supervision: Neal M. Lonky, Cecilia Portugal, Malcolm G. Munro.
Validation: Neal M. Lonky, Malcolm G. Munro.
Writing - original draft: Neal M. Lonky, Vicki Chiu, Heidi Fischer, Malcolm G. Munro.

Writing - review & editing: Neal M. Lonky, Vicki Chiu, Cecilia Portugal, Erika L. Estrada,
John Chang, Heidi Fischer, Malcolm G. Munro.

PLOS ONE | https://doi.org/10.1371/journal.pone.0294925 December 11, 2023 12/14


https://doi.org/10.1371/journal.pone.0294925

PLOS ONE

Adenomyosis in women undergoing hysterectomy for AUB-L

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

Oehler MK, Rees MC. Menorrhagia: an update. Acta Obstet Gynecol Scand. 2003; 82(5):405-22.
https://doi.org/10.1034/j.1600-0412.2003.00097.x PMID: 12752071

Liu Z, Doan QV, Blumenthal P, Dubois RW. A systematic review evaluating health-related quality of life,
work impairment, and health-care costs and utilization in abnormal uterine bleeding. Value Health.
2007; 10(3):183-94. https://doi.org/10.1111/j.1524-4733.2007.00168.x PMID: 17532811

Fraser IS, Mansour D, Breymann C, Hoffman C, Mezzacasa A, Petraglia F. Prevalence of heavy men-
strual bleeding and experiences of affected women in a European patient survey. Int J Gynaecol Obstet.
2015; 128(3):196-200. https://doi.org/10.1016/}.ijgo.2014.09.027 PMID: 25627706

Schoep ME, Nieboer TE, van der Zanden M, Braat DDM, Nap AW. The impact of menstrual symptoms
on everyday life: a survey among 42,879 women. Am J Obstet Gynecol. 2019; 220(6):569.e1—e7.

Critchley HO, Munro MG, Broder M, Fraser IS. A Five-Year International Review Process Concern-
ing Terminologies, Definitions, and Related Issues around Abnormal Uterine Bleeding. Seminars in
Reproductive Medicine. 2011; 29(5):377-82. https://doi.org/10.1055/s-0031-1287661 PMID:
22065324

Munro MG, Critchley HOD, Fraser IS. The two FIGO systems for normal and abnormal uterine bleeding
symptoms and classification of causes of abnormal uterine bleeding in the reproductive years: 2018
revisions. FIGO Committee on Menstrual Disorders. Int J Gynaecol Obstet. 2018; 143(3):393—408.

Baird DD, Dunson DB, Hill MC, Cousins D, Schectman JM. High cumulative incidence of uterine leio-
myoma in black and white women: ultrasound evidence. Am J Obstet Gynecol. 2003; 188(1):100-7.
https://doi.org/10.1067/mob.2003.99 PMID: 12548202

Shapley M, Jordan K, Croft PR. An epidemiological survey of symptoms of menstrual loss in the com-
munity. BrJ Gen Pract. 2004; 54(502):359-63. PMID: 15113519

Cohen SL, Vitonis AF, Einarsson JI. Updated hysterectomy surveillance and factors associated with
minimally invasive hysterectomy. JSLS. 2014; 18(3). https://doi.org/10.4293/JSLS.2014.00096 PMID:
25392662

Cohen SL, Ajao MO, Clark NV, Vitonis AF, Einarsson JI. Outpatient Hysterectomy Volume in the United
States. Obstet Gynecol. 2017; 130(1):130-7. https://doi.org/10.1097/A0G.0000000000002103 PMID:
28594764

Puri K, Famuyide AO, Erwin PJ, Stewart EA, Laughlin-Tommaso SK. Submucosal fibroids and the rela-
tion to heavy menstrual bleeding and anemia. Am J Obstet Gynecol. 2014; 210(1):38.e1-7. https://doi.
org/10.1016/j.ajog.2013.09.038 PMID: 24080304

Sinclair DC, Mastroyannis A, Taylor HS. Leiomyoma simultaneously impair endometrial BMP-2-medi-
ated decidualization and anticoagulant expression through secretion of TGF-beta3. The Journal of clini-
cal endocrinology and metabolism. 2011; 96(2):412-21.

Peric H, Fraser IS. The symptomatology of adenomyosis. Best Pract Res Clin Obstet Gynaecol. 2006;
20(4):547-55. https://doi.org/10.1016/j.bpobgyn.2006.01.006 PMID: 16515888

Naftalin J, Hoo W, Pateman K, Mavrelos D, Holland T, Jurkovic D. How common is adenomyosis? A
prospective study of prevalence using transvaginal ultrasound in a gynaecology clinic. Hum Reprod.
2012; 27(12):3432-9. https://doi.org/10.1093/humrep/des332 PMID: 23001775

Pinzauti S, Lazzeri L, Tosti C, Centini G, Orlandini C, Luisi S, et al. Adenomyosis by transvaginal ultra-
sonographic features in nulligravid women without endometriosis aged 1830 years: correlation with
symptoms. Ultrasound Obstet Gynecol. 2015.

Shaikh H, Khan KS. Adenomyosis in Pakistani women: four year experience at the Aga Khan University
Medical Centre, Karachi. J Clin Pathol. 1990; 43(10):817-9. https://doi.org/10.1136/jcp.43.10.817
PMID: 2229430

Vercellini P, Parazzini F, Oldani S, Panazza S, Bramante T, Crosignani PG. Adenomyosis at hysterec-
tomy: a study on frequency distribution and patient characteristics. Hum Reprod. 1995; 10(5):1160-2.
https://doi.org/10.1093/oxfordjournals.humrep.a136111 PMID: 7657758

Vavilis D, Agorastos T, Tzafetas J, Loufopoulos A, Vakiani M, Constantinidis T, et al. Adenomyosis at
hysterectomy: prevalence and relationship to operative findings and reproductive and menstrual fac-
tors. Clinical and experimental obstetrics & gynecology. 1997; 24(1):36-8. PMID: 9107456

Bergholt T, Eriksen L, Berendt N, Jacobsen M, Hertz JB. Prevalence and risk factors of adenomyosis at
hysterectomy. Human reproduction. 2001; 16(11):2418-21. https://doi.org/10.1093/humrep/16.11.
2418 PMID: 11679531

Weiss G, Maseelall P, Schott LL, Brockwell SE, Schocken M, Johnston JM. Adenomyosis a variant, not
a disease? Evidence from hysterectomized menopausal women in the Study of Women’s Health
Across the Nation (SWAN). Fertil Steril. 2009; 91(1):201-6. https://doi.org/10.1016/j.fertnstert.2007.11.
025 PMID: 18243177

PLOS ONE | https://doi.org/10.1371/journal.pone.0294925 December 11, 2023 13/14


https://doi.org/10.1034/j.1600-0412.2003.00097.x
http://www.ncbi.nlm.nih.gov/pubmed/12752071
https://doi.org/10.1111/j.1524-4733.2007.00168.x
http://www.ncbi.nlm.nih.gov/pubmed/17532811
https://doi.org/10.1016/j.ijgo.2014.09.027
http://www.ncbi.nlm.nih.gov/pubmed/25627706
https://doi.org/10.1055/s-0031-1287661
http://www.ncbi.nlm.nih.gov/pubmed/22065324
https://doi.org/10.1067/mob.2003.99
http://www.ncbi.nlm.nih.gov/pubmed/12548202
http://www.ncbi.nlm.nih.gov/pubmed/15113519
https://doi.org/10.4293/JSLS.2014.00096
http://www.ncbi.nlm.nih.gov/pubmed/25392662
https://doi.org/10.1097/AOG.0000000000002103
http://www.ncbi.nlm.nih.gov/pubmed/28594764
https://doi.org/10.1016/j.ajog.2013.09.038
https://doi.org/10.1016/j.ajog.2013.09.038
http://www.ncbi.nlm.nih.gov/pubmed/24080304
https://doi.org/10.1016/j.bpobgyn.2006.01.006
http://www.ncbi.nlm.nih.gov/pubmed/16515888
https://doi.org/10.1093/humrep/des332
http://www.ncbi.nlm.nih.gov/pubmed/23001775
https://doi.org/10.1136/jcp.43.10.817
http://www.ncbi.nlm.nih.gov/pubmed/2229430
https://doi.org/10.1093/oxfordjournals.humrep.a136111
http://www.ncbi.nlm.nih.gov/pubmed/7657758
http://www.ncbi.nlm.nih.gov/pubmed/9107456
https://doi.org/10.1093/humrep/16.11.2418
https://doi.org/10.1093/humrep/16.11.2418
http://www.ncbi.nlm.nih.gov/pubmed/11679531
https://doi.org/10.1016/j.fertnstert.2007.11.025
https://doi.org/10.1016/j.fertnstert.2007.11.025
http://www.ncbi.nlm.nih.gov/pubmed/18243177
https://doi.org/10.1371/journal.pone.0294925

PLOS ONE

Adenomyosis in women undergoing hysterectomy for AUB-L

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Taran FA, Weaver AL, Coddington CC, Stewart EA. Understanding adenomyosis: a case control study.
Fertil Steril. 2010; 94(4):1223-8. https://doi.org/10.1016/j.fertnstert.2009.06.049 PMID: 19643403

Brucker SY, Huebner M, Wallwiener M, Stewart EA, Ebersoll S, Schoenfisch B, et al. Clinical character-
istics indicating adenomyosis coexisting with leiomyomas: a retrospective, questionnaire-based study.
Fertil Steril. 2014; 101(1):237—41.e1. https://doi.org/10.1016/j.fertnstert.2013.09.038 PMID: 24188881

Middleton LJ, Champaneria R, Daniels JP, Bhattacharya S, Cooper KG, Hilken NH, et al. Hysterec-
tomy, endometrial destruction, and levonorgestrel releasing intrauterine system (Mirena) for heavy
menstrual bleeding: systematic review and meta-analysis of data from individual patients. BMJ. 2010;
341:¢3929. https://doi.org/10.1136/bmj.c3929 PMID: 20713583

Maheshwari A, Gurunath S, Fatima F, Bhattacharya S. Adenomyosis and subfertility: a systematic
review of prevalence, diagnosis, treatment and fertility outcomes. Hum Reprod Update. 2012; 18
(4):374-92. https://doi.org/10.1093/humupd/dms006 PMID: 22442261

Andres MP, Borrelli GM, Ribeiro J, Baracat EC, Abrao MS, Kho RM. Transvaginal Ultrasound for the
Diagnosis of Adenomyosis: Systematic Review and Meta-Analysis. J Minim Invasive Gynecol. 2018; 25
(2):257—-64. https://doi.org/10.1016/j.jmig.2017.08.653 PMID: 28864044

Dueholm M, Lundorf E, Hansen ES, Sorensen JS, Ledertoug S, Olesen F. Magnetic resonance imaging
and transvaginal ultrasonography for the diagnosis of adenomyosis. Fertil Steril. 2001; 76(3):588-94.
https://doi.org/10.1016/s0015-0282(01)01962-8 PMID: 11532486

Dueholm M, Lundorf E. Transvaginal ultrasound or MRI for diagnosis of adenomyosis. Curr Opin Obstet
Gynecol. 2007; 19(6):505—12. https://doi.org/10.1097/GCO.0b013e3282f1bf00 PMID: 18007126

Bird CC, McElin TW, Manalo-Estrella P. The elusive adenomyosis of the uterus—revisited. American
journal of obstetrics and gynecology. 1972; 112(5):583-93. https://doi.org/10.1016/0002-9378(72)
90781-8 PMID: 5059589

Koninckx PR, Ussia A, Zupi E, Gomel V. Association of Endometriosis and Adenomyosis: Vast Litera-
ture but Scant Conclusive Data. J Minim Invasive Gynecol. 2018; 25(5):745-8. https://doi.org/10.1016/
j.jmig.2018.03.012 PMID: 29581073

Chapron C, Tosti C, Marcellin L, Bourdon M, Lafay-Pillet MC, Millischer AE, et al. Relationship between
the magnetic resonance imaging appearance of adenomyosis and endometriosis phenotypes. Hum
Reprod. 2017; 32(7):1393-401. https://doi.org/10.1093/humrep/dex088 PMID: 28510724

Marcellin L, Santulli P, Bourdon M, Maignien C, Campin L, Lafay-Pillet MC, et al. Focal adenomyosis of
the outer myometrium and deep infiltrating endometriosis severity. Fertil Steril. 2020; 114(4):818-27.
https://doi.org/10.1016/j.fertnstert.2020.05.003 PMID: 32741618

Magnay JL, O'Brien S, Gerlinger C, Seitz C. Pictorial methods to assess heavy menstrual bleeding in
research and clinical practice: a systematic literature review. BMC Womens Health. 2020; 20(1):24.
https://doi.org/10.1186/s12905-020-0887-y PMID: 32041594

Naftalin J, Hoo W, Pateman K, Mavrelos D, Foo X, Jurkovic D. Is adenomyosis associated with menor-
rhagia? Hum Reprod. 2014; 29(3):473-9. hitps://doi.org/10.1093/humrep/det451 PMID: 24408315

Levgur M, Abadi MA, Tucker A. Adenomyosis: symptoms, histology, and pregnancy terminations.
Obstet Gynecol. 2000; 95(5):688-91. https://doi.org/10.1016/s0029-7844(99)00659-6 PMID:
10775730

Ascher SM, Arnold LL, Patt RH, Schruefer JJ, Bagley AS, Semelka RC, et al. Adenomyosis: prospec-
tive comparison of MR imaging and transvaginal sonography. Radiology. 1994; 190(3):803-6. https://
doi.org/10.1148/radiology.190.3.8115630 PMID: 8115630

Van den Bosch T, Dueholm M, Leone FP, Valentin L, Rasmussen CK, Votino A, et al. Terms, definitions
and measurements to describe sonographic features of myometrium and uterine masses: a consensus
opinion from the Morphological Uterus Sonographic Assessment (MUSA) group. Ultrasound Obstet
Gynecol. 2015; 46(3):284—98. https://doi.org/10.1002/uog.14806 PMID: 25652685

Van den Bosch T, de Bruijn AM, de Leeuw RA, Dueholm M, Exacoustos C, Valentin L, et al. Sono-
graphic classification and reporting system for diagnosing adenomyosis. Ultrasound Obstet Gynecol.
2019; 53(5):576-82. https://doi.org/10.1002/uog.19096 PMID: 29790217

Dueholm M. Transvaginal ultrasound for diagnosis of adenomyosis: a review. Best Pract Res Clin
Obstet Gynaecol. 2006; 20(4):569-82. https://doi.org/10.1016/j.bpobgyn.2006.01.005 PMID:
16545618

Whitaker L, Critchley HO. Abnormal uterine bleeding. Best Pract Res Clin Obstet Gynaecol. 2016;
34:54-65. https://doi.org/10.1016/j.bpobgyn.2015.11.012 PMID: 26803558

Chodankar R, Critchley HOD. Biomarkers in abnormal uterine bleedingdagger. Biol Reprod. 2019; 101
(6):1155-66.

Lamvu G, Carrillo J, Ouyang C, Rapkin A. Chronic Pelvic Pain in Women: A Review. JAMA. 2021; 325
(23):2381-91. https://doi.org/10.1001/jama.2021.2631 PMID: 34128995

PLOS ONE | https://doi.org/10.1371/journal.pone.0294925 December 11, 2023 14/14


https://doi.org/10.1016/j.fertnstert.2009.06.049
http://www.ncbi.nlm.nih.gov/pubmed/19643403
https://doi.org/10.1016/j.fertnstert.2013.09.038
http://www.ncbi.nlm.nih.gov/pubmed/24188881
https://doi.org/10.1136/bmj.c3929
http://www.ncbi.nlm.nih.gov/pubmed/20713583
https://doi.org/10.1093/humupd/dms006
http://www.ncbi.nlm.nih.gov/pubmed/22442261
https://doi.org/10.1016/j.jmig.2017.08.653
http://www.ncbi.nlm.nih.gov/pubmed/28864044
https://doi.org/10.1016/s0015-0282%2801%2901962-8
http://www.ncbi.nlm.nih.gov/pubmed/11532486
https://doi.org/10.1097/GCO.0b013e3282f1bf00
http://www.ncbi.nlm.nih.gov/pubmed/18007126
https://doi.org/10.1016/0002-9378%2872%2990781-8
https://doi.org/10.1016/0002-9378%2872%2990781-8
http://www.ncbi.nlm.nih.gov/pubmed/5059589
https://doi.org/10.1016/j.jmig.2018.03.012
https://doi.org/10.1016/j.jmig.2018.03.012
http://www.ncbi.nlm.nih.gov/pubmed/29581073
https://doi.org/10.1093/humrep/dex088
http://www.ncbi.nlm.nih.gov/pubmed/28510724
https://doi.org/10.1016/j.fertnstert.2020.05.003
http://www.ncbi.nlm.nih.gov/pubmed/32741618
https://doi.org/10.1186/s12905-020-0887-y
http://www.ncbi.nlm.nih.gov/pubmed/32041594
https://doi.org/10.1093/humrep/det451
http://www.ncbi.nlm.nih.gov/pubmed/24408315
https://doi.org/10.1016/s0029-7844%2899%2900659-6
http://www.ncbi.nlm.nih.gov/pubmed/10775730
https://doi.org/10.1148/radiology.190.3.8115630
https://doi.org/10.1148/radiology.190.3.8115630
http://www.ncbi.nlm.nih.gov/pubmed/8115630
https://doi.org/10.1002/uog.14806
http://www.ncbi.nlm.nih.gov/pubmed/25652685
https://doi.org/10.1002/uog.19096
http://www.ncbi.nlm.nih.gov/pubmed/29790217
https://doi.org/10.1016/j.bpobgyn.2006.01.005
http://www.ncbi.nlm.nih.gov/pubmed/16545618
https://doi.org/10.1016/j.bpobgyn.2015.11.012
http://www.ncbi.nlm.nih.gov/pubmed/26803558
https://doi.org/10.1001/jama.2021.2631
http://www.ncbi.nlm.nih.gov/pubmed/34128995
https://doi.org/10.1371/journal.pone.0294925



