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Background: Pelvic ultrasound (US) diagnosis of uterine ﬁbroids may overlook coexisting gynecological conditions that
contribute to women’s symptoms.
Purpose: To determine the added value of pelvic MRI for women diagnosed with symptomatic ﬁbroids by US, and to identify clinical factors associated with additional MRI ﬁndings.
Study Type: Retrospective observational study.
Population: In all, 367 consecutive women with ﬁbroids diagnosed by US and referred to our multidisciplinary ﬁbroid center between 2013–2017.
Field Strength/Sequence: All patients had both pelvic US and MRI prior to their consultations. MRIs were performed at
1.5 T or 3 T and included multiplanar T2-weighted sequences, and precontrast and postcontrast T1-weighted imaging.
Assessment: Demographics, symptoms, uterine ﬁbroid symptom severity scores, and health-related quality of life scores,
as well as imaging ﬁndings were evaluated.
Statistical Tests: Patients were separated into two subgroups according to whether MRI provided additional ﬁndings to
the initial US. Univariate and multivariate regression analyses were performed.
Results: Pelvic MRI provided additional information in 162 patients (44%; 95% conﬁdence interval [CI] 39–49%). The most
common signiﬁcant ﬁndings were adenomyosis (22%), endometriosis (17%), and partially endocavitary ﬁbroids (15%).
Women with pelvic pain, health-related quality of life scores less than 30 out of 100, or multiple ﬁbroids visualized on US
had greater odds of additional MRI ﬁndings (odds ratio [OR] 1.68, 2.26, 1.63; P = 0.02, 0.004, 0.03, respectively), while nulliparous women had reduced odds (OR 0.55, P = 0.01). Patients with additional MRI ﬁndings were treated less often with
uterine ﬁbroid embolization (14% vs. 36%, P < 0.001) or MR-guided focused US (1% vs. 5%, P = 0.04), and more often with
medical management (17% vs. 8%, P = 0.01).
Data Conclusion: Pelvic MRI revealed additional ﬁndings in more than 40% of women presenting with symptoms initially
ascribed to ﬁbroids by US. Further evaluation using MRI is particularly useful for parous women with pelvic pain, poor quality of life scores, and/or multiple ﬁbroids.
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TERINE FIBROIDS are the most common solid tumor
of the female pelvis, affecting 80% of women over the
age of 50.1,2 Fibroids can severely impact a woman’s health
and quality of life, typically by causing abnormal uterine
bleeding or urinary symptoms, such that up to 25% of
women with ﬁbroids pursue treatment.1–3 Fibroids are the
leading indication for elective hysterectomy in premenopausal women, contributing to an annual cost of treatment of
ﬁbroids in the United States estimated as high as 34.4 billion dollars.4,5 In the past two decades, less invasive alternatives have become available, including hysteroscopic or
laparoscopic myomectomy, uterine ﬁbroid embolization
(UFE), and magnetic resonance-guided focused ultrasound
(MRgFUS). However, the choice of optimal treatment
depends on ﬁbroid features, such as size, number, location,
and viability, as well as on the presence of concomitant
gynecological conditions.6,7
Because of its low cost and ready availability, pelvic
ultrasound (US) is advocated by many medical associations as
the ﬁrst imaging modality for the investigation of abnormal
uterine bleeding and is often the only imaging performed in
patients with suspected ﬁbroids.8–10 However, US has limited
sensitivity for conditions that often coexist with ﬁbroids, such
as adenomyosis and endometriosis, which can contribute to
symptoms and alter treatment options.6,11 Prior studies have
shown that magnetic resonance imaging (MRI) is more sensitive than US for detecting coexisting pathology and is better
at characterizing ﬁbroid features.11–13 These factors are particularly important when considering minimally invasive and
uterine-sparing treatments.
At our institution, patients presenting with symptomatic uterine ﬁbroids are seen in a multidisciplinary clinic, with
MRI routinely obtained prior to consultation. The primary
purpose of this study was to determine the added diagnostic
value of pelvic MRI in women referred to our multidisciplinary clinic with presumed ﬁbroids based only on pelvic
US. Our secondary purpose was to identify factors associated with the presence of additional information provided
by MRI.

Materials and Methods
Study Design and Subjects
This retrospective observational study was approved by our Institutional Review Board and informed consent was waived.
Our study included 568 consecutive women with a diagnosis
of symptomatic uterine ﬁbroids who were referred to our multidisciplinary ﬁbroid center from April 2013 to July 2017. Patients were
referred by their primary care physician or gynecologist (223/367;
61%), or self-referred (144/367; 39%) for abnormal uterine bleeding, pelvic pain, and/or bulk-related symptoms, such as urinary frequency, or sensation of pelvic pressure.
In all, 119 patients without prior pelvic US imaging or report
available for review were excluded from this study. An additional
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82 patients with greater than a year between US and MRI exams
were also excluded, due to concern that any additional ﬁndings seen
on MRI could have developed in the interval (Fig. 1).
Demographics for the remaining 367 women are summarized
in Table 1.

US and MRI Evaluation
All patients underwent transvaginal pelvic US and pelvic MRI prior
to the clinic visit with a team comprised of a minimally invasive
gynecologic surgeon and interventional and diagnostic radiologists at
our multidisciplinary ﬁbroid center. US and MRI were performed
wherever it was most convenient for patients, which included imaging centers across the United States. All MRI protocols included
multiplanar T2-weighted sequences and precontrast T1-weighted
imaging in either the sagittal or axial plane; 94% (345/367) included
postcontrast T1-weighted fat-saturated sequences. All MR images
were subsequently uploaded to our institution’s picture archiving and
communication system (PACS) and reviewed by a fellowship-trained,
academic radiologist with 12 years of experience in abdominal and
pelvic MRI (P.G.). MRIs were reviewed prior to the consultation,
with the radiologist blinded to the patient’s demographics, presenting
symptoms, and prior US results. This interpretation was then incorporated into each patient’s clinical note created during her appointment. Our retrospective analysis compared the report of this
prospective MRI interpretation with the results of a retrospective
review of the US images, performed by two radiologists (A.F. and
K.V., with 3 and 5 years of experience, respectively). In order to assess
the generalizability of the above MR and US imaging reviews, interreader agreement was determined for each of two randomly selected
and separate subsets of the US and MRI exams independently
reviewed by three fellowship-trained radiologists (K.V., P.G., and
S.V., with 5, 12, and 16 years of experience, respectively).

Data Collection
A retrospective review of the patient electronic medical records and
imaging was performed (R.S., A.F., and K.V.). Collected data
included demographics, presenting symptoms, hormonal medications, obstetrical history, uterine ﬁbroid symptom severity scores,
and health-related quality of life (UFS-QoL) scores, US and MRI
ﬁndings, and treatment.
Brieﬂy, the UFS-QoL is a validated questionnaire comprised of
two parts: the UFS score, used to evaluate symptoms such as abnormal uterine bleeding and urinary frequency common in women with
ﬁbroids, with higher scores indicating more severe symptoms, and
the QoL score, which measures the impact of these symptoms on
anxiety level, ability to engage in activities, energy/mood, control,
self-consciousness, and sexual function, with lower scores indicating a
poorer quality of life.14
MRI data included number, location, and viability/enhancement of ﬁbroids, and the presence of additional diagnoses. Location
of ﬁbroids included partially endocavitary ﬁbroids, deﬁned as submucosal ﬁbroids with greater than 50% surface area in contact with
the endometrial cavity.15,16
For the purposes of our study, relevant additional MRI ﬁndings were those that could 1) potentially contribute to the presenting
symptoms, including adenomyosis, endometriosis, or endometrial
polyps,17–21 or 2) affect clinical outcome, such as the presence of
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FIGURE 1: Flowchart of study population selection. Exclusion criteria included patients without prior pelvic US imaging or report
available for review and patients with greater than a year between US and MRI exams.

partially endocavitary ﬁbroids or nonenhancing ﬁbroids. Speciﬁcally,
polyps and endocavitary ﬁbroids are approachable hysteroscopically
and may be expelled if treated by UFE.15,16 Nonenhancing ﬁbroids
are already devascularized and are not expected to respond to
MRgFUS or UFE.22,23 In the absence of surgical pathologic results,
MRI ﬁndings were used as the reference standard.

Statistical Analysis
Our study population was separated into two subgroups according
to whether MRI provided additional ﬁndings to the initial US diagnoses. Percent agreement for each ﬁnding among the three readers
was calculated using Gwet’s AC.24 A consensus reading among the
three readers was also calculated for each ﬁnding and compared to
the original report. In cases of perfect agreement, no statistics were
calculated. Differences between groups with and without additional
MRI ﬁndings in continuous/ordinal variables were tested by the
two-tailed Wilcoxon rank-sum test. Differences between groups in
categorical variables were tested by Fisher’s exact test. Univariate
logistic regression analyses were conducted to evaluate patient characteristics and US imaging that were associated with additional MRI
ﬁndings. Correlations among the clinical factors were estimated by
Kendall’s tau-b for binary factors and Spearman rank correlation for
continuous ones. Variables with strong correlation, as deﬁned by
correlation coefﬁcient r > 0.60, were excluded from the multivariate
analysis. Variables with P < 0.05 were included in a multivariate
logistic regression of noncorrelated factors. Sensitivity and speciﬁcity
were calculated for each factor associated with additional MRI ﬁndings. Additional univariate and multivariate analyses were performed
on subgroups of patients with the most common additional diagnoses to ﬁnd more speciﬁc clinical factors. A P value cutoff level of less
than 0.05 was considered signiﬁcant. All data were analyzed using
STATA Release 15.1 (StataCorp, College Station, TX).

Results
US and MRI Findings
While nearly all patients (366/367; 99.7%) were diagnosed
with ﬁbroids by pelvic US, adenomyosis was found only in

nine patients (2.4%), endometriosis in seven patients (1.9%),
and an endometrial polyp in one patient (0.3%). Twenty-two
women were found to have partially endocavitary
ﬁbroids (6.0%).
Average time between US and MRI studies was
91.5  103.7 days (SD). MRI identiﬁed additional ﬁndings
in 162 patients (44.1%, 95% conﬁdence interval
[CI] 39–49%). Pelvic MRI provided additional information
about ﬁbroid characteristics, including ﬁbroid number, location, and viability. MRI reported signiﬁcantly more ﬁbroids
than US, with an average of 4.1  3.1 ﬁbroids diagnosed on
MRI, whereas only an average of 2.4  1.8 ﬁbroids were
described on US (P < 0.001). Pelvic MRI also revealed partially
endocavitary ﬁbroids in 54 patients (14.7%, 95% CI 11–29%)
and nonenhancing ﬁbroids in 10 patients (2.7%, 95% CI
1–5%) (Fig. 2). Furthermore, MRI found additional gynecologic diagnoses in 118 patients (32.2%, 95% CI 27–37%),
including adenomyosis (21.8%, 95% CI 18–26%), endometriosis (17.2%, 95% CI 13–21%), and endometrial polyps (1.6%,
95% CI 1–4%) (Figs. 3–4). Nine patients (9/366; 2.5%, 95%
CI 1–5%) diagnosed with ﬁbroids on US were found to have
focal adenomyosis without ﬁbroids on MRI (Fig. 5).
Percent agreement for each ﬁnding among the three
readers for US ranged from 88% for identiﬁcation of partially
endocavitary ﬁbroids to 99% for the presence of ﬁbroids. For
MRI, agreement ranged from 93% for adenomyosis to 99%
for ﬁbroids. Agreement was also high when comparing the
consensus reviewer interpretation for each US and MRI ﬁnding with the ﬁndings in the ofﬁcial report for each exam.
Complete results are summarized in Table 2.
Clinical Factors Associated With Additional MRI
Findings
The results of the univariate and multivariate analyses are
summarized in Table 3. Signiﬁcantly increased likelihood of
3
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TABLE 1. Characteristics of Study Population

Characteristics

Study population (n = 367)

Age, years (average  SD)

44.1  6.81

BMI, kg/m (average  SD)

26.2  6.47

Nulligravidity, n

108/367 (29.4%)

Parity, n (average  SD)

1.78  1.73

History of cesarean-section, n

67/367 (18.3%)

Current oral contraceptive use, n

75/367 (20.4%)

2

Presenting symptoms
Menorrhagia, n

246/367 (67.0%)

Menstrual irregularity, n

117/367 (31.9%)

Passage of clots, n

144/367 (39.2%)

Pelvic pain, n

135/367 (36.8%)

Dyspareunia, n

58/367 (15.8%)

Bulk-related symptoms, n

178/367 (48.5%)

UFS-QoL questionnaire
UFS score, % (average  SD)

51.0  24.6

QoL score, % (average  SD)

51.8  26.8

Data are numbers of patients with percentages in parentheses, unless otherwise indicated.
BMI = body mass index; UFS-QoL = uterine ﬁbroid symptom and health-related quality of life; SD = standard deviation.

additional MRI ﬁndings was observed in women presenting
with pelvic pain (odds ratio [OR] 1.68, 95% CI 1.08–2.59,
P = 0.02) and with QoL scores below 30 out of
100 (OR 2.26, 95% CI 1.31–3.92, P = 0.004). Visualization
of more than one ﬁbroid on US was signiﬁcantly associated
with additional MRI ﬁndings (OR 1.63, 95% CI 1.04–2.56,
P = 0.03). Conversely, nulligravid patients were signiﬁcantly
less likely to have additional ﬁndings (OR 0.55, 95% CI
0.34–0.88, P = 0.01).
Although age greater than 45 years was found to be
associated with additional MRI ﬁndings on univariate
analysis (OR 1.71, 95% CI 1.13–2.59, P = 0.01), this
association was not signiﬁcant on multivariate analysis
(OR 1.55, 95% CI 1.00–2.40, P = 0.051). Because of its
correlation with other variables (irregular menses r = 0.22,
number of ﬁbroids on US r = 0.11, nulligravidity r = –
0.24, and infertility r = –0.21, all P < 0.05), we thus
omitted age from the multivariate models. Similarly, UFS
scores had a strong negative correlation with QoL scores
(r = –0.77, P < 0.001), which is expected due to the
nature of the questionnaire, and so were omitted from
multivariate analysis. No other variables met criteria for
strong correlation.
4

Sensitivity and Speciﬁcity of Clinical Factors
Sensitivity and speciﬁcity were computed for each clinical
factor and the results are summarized in Table 4. Pelvic
pain and QoL scores less than 30 out of 100 had high
speciﬁcity for additional MRI ﬁndings (68.3% and 83.1%,
95% CI 61.4–74.6% and 76.6–88.5%, respectively). Multiple ﬁbroids visualized on US and a history of pregnancy
were observed to have high sensitivity for additional MRI
ﬁndings (72.2% and 77.8%, 95% CI 64.7–79.0% and
70.6–83.9%, respectively).
Clinical Factors Associated With Speciﬁc MRI
Findings
Additional univariate and multivariate analyses were performed to evaluate for clinical factors associated with the
three most common additional MRI ﬁndings: adenomyosis, endometriosis, and partially endocavitary ﬁbroids
(Table 5). Patients with pelvic pain and dyspareunia were
found to have adenomyosis (OR 2.09 and 1.88, 95%
CI 1.27–3.43 and 1.02–3.47, P = 0.004 and 0.04, respectively) and endometriosis (OR 3.11 and 2.08, 95%
CI 1.72–5.61 and 1.04–4.19, P < 0.001 and 0.04, respectively) signiﬁcantly more often. Menorrhagia (OR 5.17,
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FIGURE 2: Images from a 45-year-old woman presenting with menometrorrhagia, passage of clots, and cramping. (a) Sagittal view of
the uterus from a pelvic US demonstrating an enlarged uterus with multiple intramural ﬁbroids with a large anterior ﬁbroid (white
asterisk) causing attenuation and poor acoustic penetration. (b) Sagittal T2-weighted single-shot fast spin echo image from a pelvic
MRI performed 6 days after the US showing a myomatous uterus including the large anterior intramural ﬁbroid (white asterisk) as
well as an endocavitary ﬁbroid (white arrow), which was likely responsible for the patient’s symptoms. This endocavitary ﬁbroid was
amenable to hysteroscopic myomectomy.

95% CI 2.39–11.3, P < 0.001) and lack of bulk-related
symptoms (OR 2.31, 95% CI 1.33–4.00, P = 0.003) were
signiﬁcantly associated with partially endocavitary ﬁbroids.
Treatments in Women With and Without Additional
MRI Findings
In the subgroup of patients for whom MRI did not reveal
additional information, treatment was distributed among surgery in 37.0% (76/205), UFE in 36.1% (74/205), MRgFUS
in 5.4% (11/205), medical management in 8.3% (17/205),
and expectant management in 10.2% (21/205). Women with
additional MRI ﬁndings were observed to be treated signiﬁcantly less often with UFE (23/162; 14.2%, P < 0.001) and
MRgFUS (2/162; 1.2%, P = 0.04), and signiﬁcantly more

often with medications (28/162; 17.3%, P = 0.01) and
expectant management (32/162; 19.8%, P = 0.01). Surgery
was performed at similar rates in both groups (76/205;
37.0% vs. 55/162; 34.0%, P = 0.58).

Discussion
Symptomatic uterine ﬁbroids reduce the quality of life for
many women and incur large societal costs.3,4 With its easy
accessibility, pelvic US usually represents the ﬁrst—and often
the only—imaging modality used to evaluate ﬁbroids, but at
the cost of lower sensitivity to certain ﬁbroid characteristics
and coexisting gynecologic conditions.

FIGURE 3: Images from a 50-year-old woman presenting with dysmenorrhea and menorrhagia. (a) Sagittal view of the uterus from a
pelvic US demonstrating a posterior fundal uterine ﬁbroid (white asterisk). (b) Sagittal T2-weighted single-shot fast spin echo image
from a pelvic MRI performed 3 months after the US identiﬁed the previously seen posterior fundal ﬁbroid (white asterisk), and
revealed ﬁndings of adenomyosis, including a thickened junctional zone measuring 18 mm (white arrow). Adenomyosis commonly
results in painful periods with heavy bleeding, whereas the intramural ﬁbroid would not be expected to explain the patient’s
presenting symptoms.
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FIGURE 4: Images from a 43-year-old woman presenting with dysmenorrhea and menorrhagia. (a) Axial view of the uterus from a
pelvic US demonstrating a dominant transmural uterine leiomyoma (white asterisk) and a reportedly normal right ovary (white
arrow). (b) Axial fat-saturated T2-weighted fast spin echo image from a pelvic MRI performed 45 days after the US conﬁrmed the
presence of a large ﬁbroid (white asterisk). The MRI also revealed a homogeneously T2 hypointense lesion (white arrow) arising from
the right ovary. The lesion demonstrated corresponding intrinsic T1 hyperintensity and no enhancement (not shown), consistent with
an endometrioma. Dysmenorrhea is more commonly associated with endometriosis rather than ﬁbroids.

Compared to US alone, our study found that pelvic MRI
provided additional ﬁndings in more than 40% of patients, affecting the diagnosis and adding information about the ﬁbroid burden. Adenomyosis and endometriosis were the most common
secondary diagnoses, and endocavitary location was the most common ﬁbroid-related feature revealed by MRI. Our results were
consistent with the previously published rates of co-conditions in
patients with symptomatic uterine ﬁbroids, speciﬁcally adenomyosis (36–50%) and endometriosis (12–20%).19,25–27
Although MRI offers better characterization of ﬁbroid
features and detection of coexisting gynecologic conditions,
the routine use of pelvic MRI may not be feasible in clinical
practices with restricted resources and limited availability of

MRI. Our study revealed that pelvic pain, a QoL score below
30 out of 100, and multiple ﬁbroids visualized on US are
associated with the presence of additional information
on MRI.
A potential explanation for the ﬁrst factor is that
patients with ﬁbroids alone are not expected to present with
pelvic pain as a predominant symptom and are likely to have
additional diagnoses, such as adenomyosis and endometriosis,
that account for their symptoms.28,29 Second, women with
QoL scores below 30 out of 100 may be more likely to have
additional conditions causing symptoms that may compound
with their ﬁbroid-related symptoms and result in lower QoL
scores. Third, our observation that MRI was more sensitive

FIGURE 5: Images from a 45-year-old woman presenting with dysmenorrhea and menorrhagia. (a) Sagittal view of the uterus from a
pelvic US demonstrating a large posterior uterine body mass diagnosed as a leiomyoma (white arrows). (b) Sagittal T2-weighted
single-shot fast spin echo image from a pelvic MRI performed 25 days after the US revealing a T2 hypointense posterior uterine
body mass that contained numerous small T2 hyperintense cysts and was separate from the junctional zone, consistent with an
adenomyoma (white arrows). The clinical presentation was more consistent with adenomyosis rather than an intramural ﬁbroid.
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TABLE 2. Interreader Agreement and Consensus Reader Agreement With Ofﬁcial Report for US and MRI Findings

Interreader agreement
Agreement

Consensus reader agreement
with ofﬁcial report
Agreement

Percent
(95% CI)

Gwet’s AC
(95% CI)

Percent
(95% CI)

Gwet’s AC
(95% CI)

47/48

99%
(96–99%)

0.99
(0.96–0.99)

100%

—

~10%

39/48

88%
(80–95%)

0.85
(0.74–0.96)

88%
(78–97%)

0.85
(0.71–0.98)

Adenomyosis

~3%

44/48

94%
(89–99%)

0.94
(0.88–0.99)

94%
(87–99%)

0.93
(0.85–0.99)

Endometriosis

~1%

46/48

97%
(93–99%)

0.97
(0.93–0.99)

100%

—

Endometrial polyp

~2%

47/48

99%
(96–99%)

0.99
(0.96–0.99)

100%

—

US Finding

Prevalence

Number

Fibroid

~99%

Partially endocavitary
ﬁbroid

Inter-reader agreement
Agreement

Consensus reader agreement
with ofﬁcial report
Agreement

Percent
(95% CI)

Gwet’s AC
(95% CI)

Percent
(95% CI)

Gwet’s AC
(95% CI)

49/50

99%
(96–99%)

0.98
(0.95–0.99)

98%
(94–97%)

0.98
(0.93–0.99)

~33%

45/50

93%
(88–99%)

0.88
(0.77–0.96)

88%
(79–97%)

0.78
(0.61–0.96)

Adenomyosis

~31%

45/50

93%
(88–99%)

0.88
(0.78–0.99)

94%
(87–99%)

0.93
(0.85–0.99)

Endometriosis

~15%

47/50

96%
(91–99%)

0.95
(0.88–0.99)

96%
(90–99%)

0.95
(0.87–0.99)

Endometrial polyp

~2%

48/50

97%
(94–99%)

0.97
(0.93–0.99)

100%

—

MRI ﬁnding

Prevalence

Number

Fibroid

~92%

Partially endocavitary
ﬁbroid

CI = conﬁdence interval; MRI = magnetic resonance imaging; US = ultrasound.

to other diagnoses when multiple ﬁbroids were visualized on
US could reﬂect that the ﬁbroids obscured these additional
ﬁndings on US. The presence of multiple ﬁbroids can
increase the attenuation of the US beam and reduce
sensitivity.6,30,31
Our multivariate analyses also found that nulligravidity
was inversely related with additional MRI ﬁndings. Gravidity
is a known risk factor for adenomyosis, the most common
additional MRI diagnosis in our study.32,33 A theory is that
pregnancy disrupts the junctional zone, allowing endometrial
glands to penetrate into the myometrium and leading to

adenomyosis.34,35 This could explain the inverse relationship
between nulligravidity and additional MRI ﬁndings in our
study.
When calculating sensitivity and speciﬁcity of these
clinical factors, our results showed that multiple ﬁbroids visualized on US and gravidity had higher sensitivity for additional MRI ﬁndings, whereas pelvic pain and QoL scores less
than 30 out of 100 had higher speciﬁcity for additional MRI
ﬁndings. This indicates that, when considering pelvic MRI in
previously pregnant patients and/or those with more than one
ﬁbroid visualized on US, we are more likely to capture the
7
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TABLE 3. Multivariate Regression Analysis Evaluating Patient and Fibroid Characteristics That Are Associated With
Additional MRI Findings
Additional MRI ﬁndings
Univariate analysis

Multivariate analysis*

OR (95% CI)

P value

OR (95% CI)

P value

Age ≥ 45

1.71 (1.13–2.59)

0.01

1.55 (1.00–2.40)

0.051

BMI ≥ 25

1.07 (0.71–1.62)

0.73

—

—

Nulligravidity

0.53 (0.33–0.84)

0.007

0.55 (0.34–0.88)

0.01

Infertility

0.95 (0.39–2.30)

0.90

—

—

History of cesarean-section

0.97 (0.57–1.65)

0.90

—

—

Current oral contraceptive use

0.76 (0.42–1.39)

0.37

—

—

Menorrhagia

1.45 (0.93–2.27)

0.10

—

—

Irregular menses

0.87 (0.55–1.37)

0.55

—

—

Passage of clots

0.97 (0.63–1.50)

0.90

—

—

Pelvic pain

1.64 (1.07–2.51)

0.02

1.68 (1.08–2.59)

0.02

Bulk symptoms

0.68 (0.45–1.03)

0.07

—

—

Dyspareunia

1.12 (0.64–1.97)

0.69

—

—

0–20.0

Reference

Reference

Reference

reference

20.1–40.0

1.01 (0.41–2.49)

0.99

—

—

40.1–60.0

1.27 (0.55–2.92)

0.58

—

—

60.1–80.0

1.94 (0.81–4.64)

0.14

—

—

80.1–100

2.62 (0.99–6.99)

0.05

—

—

0–30.0

3.43 (1.76–6.69)

<0.001

—

—

30.1–51.0

1.31 (0.68–2.53)

0.43

—

—

51.1–74.0

Reference

Reference

—

—

74.1–100.0

1.56 (0.81–3.02)

0.18

—

—

QoL ≥ 30

Reference

Reference

Reference

reference

QoL < 30

2.68 (1.57–4.56)

<0.001

2.26 (1.31–3.92)

0.004

1

Reference

Reference

Reference

reference

More than 1

1.66 (1.07–2.59)

0.02

1.63 (1.04–2.56)

0.03

Factors

UFS scores

QoL scores
Quartiles

Number of ﬁbroids on US

*Given that QoL data were missing in 59 patients (16.1%), separate multivariate analyses were performed for patients with and without
missing data. Factors that were signiﬁcant on multivariate analysis of all patients remained signiﬁcant when limiting the analysis to
patients with QoL score. Patients with and without QoL scores were similar, except that patients without QoL scores were less likely to
be nulligravid (15% vs. 32%, P = 0.008) and less likely to present with pain (22% vs. 40%, P = 0.012).
BMI = body mass index; CI = conﬁdence interval; MRI = magnetic resonance imaging; OR = odds ratio; QoL = health-related quality
of life; UFS = uterine ﬁbroid symptom; US = ultrasound.
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TABLE 4. Sensitivity and Speciﬁcity of Clinical Factors

Factors

Sensitivity (95% CI)

Speciﬁcity (95% CI)

Pelvic pain

43.2% (35.5–51.2%)

68.3% (61.4–74.6%)

Nulligravidity*

77.8% (70.6–83.9%)

35.1% (28.6–42.1%)

QoL < 30 out of 100

35.2% (27.4–43.7%)

83.1% (76.6–88.5%)

More than 1 ﬁbroid on US

72.2% (64.7–79.0%)

39.0% (32.3–46.1%)

*Inverse relationship.
CI = conﬁdence interval; QoL = health-related quality of life; US = ultrasound.

majority of patients with potential additional ﬁndings, which
is not surprising since these are common clinical variables in
the general female population. However, these factors are not
very speciﬁc and thus not likely to be useful for clinical decision making. Conversely, women with pelvic pain and/or
severe decrease in QoL have a greater likelihood of having
additional ﬁndings on their MRI, such as adenomyosis and
endometriosis. These factors, although more speciﬁc, are less
sensitive, since not all patients with additional MRI ﬁndings
present in the same way.
When multivariate analyses were performed on subgroups of women with adenomyosis, endometriosis, and partially endocavitary ﬁbroids, additional clinical factors were
found that were more speciﬁc. Endometriosis and adenomyosis were signiﬁcantly associated with dyspareunia and pelvic
pain. Endometriotic foci can deposit on the pelvic peritoneum, and the resulting inﬂammatory response may lead to
dyspareunia.36,37 The presence of menorrhagia, rather than
bulk-related symptoms, was a speciﬁc factor associated with
partially endocavitary ﬁbroids. This ﬁnding is not surprising

since, given their close proximity to the endometrium, endocavitary ﬁbroids may alter the integrity and function of the
endometrium and cause more bleeding symptoms than intramural and subserosal ﬁbroids which, when symptomatic, are
frequently associated with more bulk-related symptoms.38,39
In the subgroup of patients with additional MRI ﬁndings, UFE and MRgFUS were performed less often, whereas
medical and expectant management were used more often.
This is likely because UFE and MRgFUS are not as effective
when adenomyosis or endometriosis are also present.12,40 In
certain circumstances, partially endocavitary ﬁbroids are better
treated by hysteroscopic myomectomy, which avoids the
potential risk of expulsion after UFE.15,16 Also, nonenhancing ﬁbroids would not be expected to respond to UFE or
MRgFUS.22,23 Thus, medical and expectant management can
be more appropriate uterine-sparing treatment options in
women with these ﬁndings.
The main limitation of our study is the absence of histopathologic correlation as a "gold standard." Many patients
in our population with adenomyosis and endometriosis

TABLE 5. Multivariate Regression Analysis Evaluating Patient and Fibroid Characteristics That Are Associated With
Additional MRI Diagnoses of Adenomyosis, Endometriosis, and Partially Endocavitary Fibroids

MRI ﬁndings
Adenomyosis

Endometriosis
Partially endocavitary ﬁbroid

P value

Factors

OR (95% CI)

Pelvic pain

2.09 (1.27–3.43)

0.004

Dyspareunia

1.88 (1.02–3.47)

0.04

Pelvic pain

3.11 (1.72–5.61)

<0.001

Dyspareunia

2.08 (1.04–4.19)

0.04

Bulk symptoms*

2.31 (1.33–4.00)

0.003

Menorrhagia

5.17 (2.39–11.3)

<0.001

*Inverse relationship.
CI = conﬁdence interval; MRI = magnetic resonance imaging; OR = odds ratio.
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underwent medical management, and pathologic conﬁrmation was not available. This reﬂects current practice, especially
with the recent trend towards cost containment. Another
potential limitation of our study is the lack of standardized
imaging technique, since the studies were obtained at multiple centers using variable equipment and scanning parameters. MRI protocols all included multiplanar T2-weighted
imaging; the addition (or not) of contrast-enhanced imaging
was the most common variable. Having the same reader
review all the scans in our study was done to ensure internal
consistency. A third potential limitation is referral bias, since
we are a tertiary care hospital with a multidisciplinary
ﬁbroid center. Many patients were seeking a second opinion
or were referred by their gynecologists and may be more
likely to have coexisting conditions not addressed in their
original treatment.
In conclusion, our study found that the use of pelvic
MRI provides better characterization of ﬁbroids and better
detection of coexisting gynecologic conditions in women presenting with symptoms initially ascribed to uterine ﬁbroids
by US. These additional ﬁndings may alter management in
women seeking minimally invasive treatment options. When
there are resource constraints, further evaluation with pelvic
MRI is likely to be most relevant for parous patients who present with pelvic pain, a QoL score below 30 out of
100, and/or multiple ﬁbroids on a pelvic US examination.
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