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Abstract

Purpose Uterine fibroids (UFs) occur in 10% of pregnancies and may lead to severe maternal-fetal complications, mainly
depending on UFs characteristics and the distance to the uterine cavity (UC). When symptomatic, UFs are managed medi-
cally. Nevertheless, in about 2% of cases, surgery becomes necessary. Entry into the UC should be avoided during myomec-
tomy. Consequentially, pre-operative assessment of this risk could be beneficial. Ultrasonography (US) represents the gold
standard for UFs assessment; however, scarce evidence has been produced to assess the role of magnetic resonance imaging
(MRI). The aim of the present study was to summarize current evidence about the pre-operative use of imaging techniques
for UFs during pregnancy.

Methods A systematic research of the literature was conducted in Scopus, PubMed/MEDLINE, ScienceDirect and the
Cochrane Library, including case reports and case series. A case report was also discussed. We collected data regarding
patients, imaging assessment, UFs characteristics, surgical information, timing and modality of delivery.

Results According to our search strategy, 66 articles were selected and 210 patients were included. US assessment was
reported in 36 (17%) cases. MRI was reported in 10 (4.7%) cases. Only in one case, MRI was used to measure the distance
between UFs and UC.

Conclusion US allows an adequate pre-operative evaluation of anterior, submucosal or pedunculated symptomatic UFs in
pregnancy. However, compared to US, MRI may provide a more accurate evaluation of multiple, large, intramural or posterior
UFs and could measure the distance between UFs and UC more accurately.

Keywords Laparoscopy myomectomy - Laparotomy myomectomy - Leiomyoma - Magnetic resonance imaging -
Pregnancy

Introduction mainly asymptomatic. When symptoms occur (in about 10%

of cases [4]), the most common are: low abdominal pain,

Uterine fibroids (UFs) are the most common benign solid
tumor of the female genital tract [1]. UFs occur during preg-
nancy in between 2.3 and 10.7% [2, 3] of women and are
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pelvic pressure, and/or vaginal bleeding (mainly correlat-
ing with UFs position and size, especially if>5 cm) [5].
Symptomatic UFs during pregnancy are more common in
the case of large tumors, and typically occur in the late first/
early second trimester due to the increase of sex-hormone
levels [6-10]. UFs can negatively influence pregnancy out-
comes and the risk of maternal—fetal complications mainly
depends on UF number, size, position and proximity to the
uterine cavity (UC) [11]. Specifically, it has been estimated
that women suffering from UFs during pregnancy have a
higher risk of pre-term labor [12], premature rupture of
membrane (PROM) [11], placenta previa, abruption placenta
[13], dysfunctional labor, breech presentation [14], cesarean
section and neonatal morbidity and mortality [12—14]. In
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the case of symptomatic UFs, medical management (with
analgesics) is actually the first-line approach. Nevertheless,
in specific situations (i.e., severe abdominal pain unrespon-
sive to analgesics or in case of bulky myomas of the lower
uterine segment), surgery becomes necessary to avoid severe
maternal—fetal complications [15, 16]. The critical issues
of performing myomectomy during pregnancy are related
to the risk of opening the uterine cavity (UC) (thus run-
ning the risk of damage to the amniotic sac), damaging pla-
cental insertion or causing massive bleeding secondary to
the increased uterine blood flow. It is widely assumed that
myomectomy should be avoided when entering the UC can-
not be excluded, or when a safe distance between the UFs
and the endometrial cavity cannot be assured [11, 16]. An
accurate pre-operative assessment of UFs (including posi-
tion, number, size and distance from uterine cavity and pla-
centa) can hypothetically improve the accuracy of surgical
excision and reduce the risk of intra-operative complica-
tions. In addition, a detailed evaluation of UFs may be also
helpful in counseling couples about the risk associated with
myomectomy for both fetus and mother [15-19]. In fact,
when surgery is not deferrable, as occurs in other stressful
obstetric and gynecological conditions [20-25], psycho-
logical support and “ad hoc” counseling should be always
offered [26-28]. Ultrasonography (US) is the first-line imag-
ing technique in the evaluation of UFs during pregnancy
and it has proven to be useful and adequate in determining
crucial features such as number, localization, vasculariza-
tion, shape and the relationship between UFs and UC [5,
29]. However, poor evidence is available regarding the use
of magnetic resonance imaging (MRI) in the pre-operative
evaluation of UFs during pregnancy [30, 31]. The aim of the
present study was to summarize the available evidence con-
cerning the use of US and MRI in the pre-operative evalua-
tion of UFs during pregnancy, starting from the description
of a peculiar case in which pre-operative MRI resulted in a
successful, uncomplicated myomectomy at our institution.

Materials and methods
Study design

This was a case report with systematic review of the lit-
erature on the use of pre-operative imaging techniques for
symptomatic UFs during pregnancy. The review was writ-
ten following the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [32].
The review protocol was registered in PROSPERO prior
to carrying out the literature search (registration number:
CRD42018087118). No Institutional Review Board (IRB)
approval was required for this study.

@ Springer

Inclusion criteria

Population Pregnant women with symptomatic UFs
(submucosal, intramural, subserosal) who underwent
myomectomy (with laparoscopic/laparotomy approach).
Leiomyosarcoma or leiomyomatous neoplasia of uncertain
malignant potential were excluded.

Intervention preoperative assessment of UFs by imag-
ing tools (US and MRI) or no intervention.

Comparators No comparators.

Outcomes To evaluate the role of imaging tools (US and
MRI) in the preoperative evaluation of symptomatic UFs
during pregnancy.

Study design Observational studies (retrospective chart
review, case series and case reports) were included.

Language A language restriction including Italian, Eng-
lish, Spanish and French was adopted. For Spanish and
French articles, the support of a qualified native speaker
was used.

Search strategy

A systematic search of literature was conducted in Sco-
pus, PubMed/MEDLINE, ScienceDirect and the Cochrane
Library from their inception to December 2017. A specific
combination of key words and data base index terminol-
ogy alone or in combination was used: uterine fibroids OR
myoma OR leiomyoma AND myomectomy OR laparos-
copy OR laparotomy OR excision OR surgery OR removal
AND pregnancy OR gestation.

Study selection and data extraction

Two authors (FS and SD) independently checked the titles
and abstracts of the studies obtained by the search. They
obtained the text of eligible studies and assessed studies
for inclusion. Two other authors (LC and GV) performed
a manual search of reference lists in order not to miss rel-
evant or recent publications. Any disagreement between
them on the eligibility of studies was resolved through
discussion with a third author (MF). Two authors (GV
and FS) extracted data regarding study features (US and
MRI findings, leiomyomas characteristics, surgical infor-
mation, complication, mode and timing of delivery) and
population characteristics (age, parity, gestational age,
symptoms). Two additional authors (MF and PM) checked
the data extraction. This study was in accordance with the
Helsinki Declaration, conforms to the Consensus-based
Clinical Case Reporting Guideline Development (http://


http://www.equator-network.org/

Archives of Gynecology and Obstetrics (2019) 299:13-33

15

www.equator-network.org/) the Committee on Publication
Ethics (COPE) guidelines (http://publicationethics.org/).

Objective of the systematic review

The objective of the present systematic review was to sum-
marize the use of imaging tools, US and MRI, in the evalu-
ation of UF features (UFs number, size, location and dis-
tance from the uterine cavity) prior to myomectomy during
pregnancy.

Data synthesis

We used a standardized, pre-specified format for data extrac-
tion. We extracted descriptive characteristics of the stud-
ies including: year of publication, number of cases, patient
features (age, parity, gestational age at time of surgery), US
and MRI findings, characteristics of UFs (size, number and
position), surgical approach and complications, timing and
modality of delivery. These data are shown separately for
laparoscopic myomectomy (Table 1) and for laparotomic
myomectomy (Table 2). Since there was a great heteroge-
neity between studies, a quantitative data synthesis was not
performed.

Results

The search strategy, based on pre-defined key search items,
provided a total of 1623 articles, after removing duplicates.
After title screening, 97 were initially eligible. Of these, 33
studies were subsequently excluded after the examination
of the abstract and full text: 23 ones due to language (writ-
ten in languages excluded from the present review) and 10
because only the abstract was retrieved. Finally, 64 articles
[15-17, 19, 26, 31, 33-89] were included in the present
study (Fig. 1).

Patients’ characteristics and symptoms

Our review included a total of 210 women. All patient
characteristics are reported in Tables 1 and 2. The average
age was 32.6 years old; the average gestational age (GA) at
the time of surgery was 16 gestational weeks. Parity was
reported only in 33 studies, resulting in 15 nulliparous [19,
33, 35, 37, 39, 44, 66, 71, 74, 78, 80, 83, 85, 86, 90] and
18 multiparous [26, 31, 34, 38, 41, 52, 53, 65, 67, 69, 70,
75,76,79, 81, 82, 88, 89] women. Pelvic pain was the most
common indication for surgery (in both laparotomy [LPT]
and laparoscopy [LPS] groups, reported in 36 (17.1%) cases
[16, 17, 19, 26, 31, 34-38, 41, 44, 51-53, 60, 62, 66—69,
71-76, 78-84, 88, 90, 91]. Other symptoms included: fever
(1 case, 0.5%) [34]; dyspnea due to diaphragm compression

(2 cases, 1%) [81, 89]; edema of lower extremities (3 cases,
1.4%) [69, 73, 89]; urinary symptoms [26, 80]; severe gas-
trointestinal symptoms (7 cases, 3.3%) [26, 31, 44, 65, 69,
74, 80]; threat of miscarriage (2 cases, 1%) [68, 83]; vaginal
bleeding (3 cases 1.4%) [67, 68, 85]. The presence of UFs
was reported as asymptomatic in 2 cases (1%) [70, 86]. Data
concerning symptomology were not reported in the remain-
ing 21 studies [15, 33, 42, 43, 46-50, 54-59, 61, 63, 64, 72,
77]. Among these, fetal postural deformity and oligohydram-
nios (detected by US) were the indications for surgery in a
single case (0.4%) [92].

Type of uterine fibroids

Pedunculated UFs were reported in 24/210 (11%) cases [31,
33,35-39, 41, 42, 44, 60, 63, 65, 70, 73-75, 77, 81, 85, 86,
88,90, 91]. Subserosal UFs or intramural UFs were reported
in 16/210 (7.6%) cases [17, 19, 26, 34, 62, 66, 67, 69, 76,
78-80, 82-84, 89]. A sub-mucous, pedunculated UF, aris-
ing from the cervix, was reported in 1 case [85]. In the other
cases, the UF type was not reported.

Surgical approach

LPS myomectomy was performed in 14 of 210 cases
(6.6%) [33—44]. The most common documented UF type
was pedunculated myoma, 13/14 cases (92.8%). Subserosal
UFs were reported in only one case of 14 (7.2%) [34]. The
maximum diameter of UFs ranged from 4 cm to 24 cm with
an average of 9 cm. The abdominal extraction of removed
UFs was performed via endobag extraction in 5/14 (35%)
cases [33, 36, 37, 44, 90], through free morcellation into the
abdominal cavity in 4/14 (28%) cases [34, 38, 41, 91] and
through a small Pfannenstiel incision only in 1/14 (7.2%)
case [35]. No intra- or post-operative complications were
reported, except in 1/14 (7.2%) case where a 10 cm abdomi-
nal abscess originated from the scar of the resected pedun-
culated myoma site [41].

LPT myomectomy occurred in 183/210 (87%) cases
[15-17, 19, 26, 31, 45-89]. Subserosal and intramural were
the most common documented type of UFs. The maximum
diameter of UFs ranged from 3.5 cm to 30 cm with an aver-
age of 15.8 cm. Information concerning the abdominal inci-
sion was reported in only 12/183 (6.5%) papers. Longitu-
dinal incision was described in 7 case reports [19, 26, 31,
52,75, 81, 88]. Pfannenstiel incision was reported in 4 case
reports [70, 74, 82, 93]. The intra- or post-operative reported
complications were: 2/183 hemo-transfusions (1%) [19, 31],
1/183 hysterectomy (0.5%) [53], 1/183 left salpingo-oopho-
rectomy (0.5%) [76] and 1/183 hemoperitoneum (0.5%) [31].
In one case (1/183; 0.5%), a partial myomectomy was per-
formed via vaginal route, in which the extrinsic part of a
semi-pedunculated myoma arising from the posterior wall
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2 & of the cervix and extending through the cervical canal into

g P E 5 g ¥ g the vagina was removed [85].
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s= | 2 8BS EZ O Pre operative imaging evaluation

9 S5 5 S

258 E=S> E o | .

B Taking into account that US was broadly introduced into

g g clinical practice in the late 1980s [94, 95], US was reported

§ 5| as the primary diagnostic instrument in almost all modern

= g documented cases (36 cases) [19, 26, 31, 33-39, 41, 44,

§ = 5 g 65, 66, 69-71, 73, 74, 76-86, 88-90, 96, 97] in evaluat-

. = ing general fetal condition and estimating number, size and
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= 2 = L B .
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o ‘5) operatively only in 1 case [31]. In two studies, [66, 84] MRI
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Fig.1 Searching strategy. — \
Adapted from Moher, Liberati, 1623 Articles were identified
Tetzla, Altman, and e PRISMA ) AATHETES NeTe 1A HIC
Group’ Pre ferré d reporting g searching on Pubmed and Scopus
items for systematic reviews 5
and meta-analyses: e PRISMA b J
statement g
=
\/ )
"\ The abstracts were valued to screen
the collected articles
£ /
5 1526 studies were excluded
(/) L
97 full I d fi
7 full-text articles assessed for
( A o
eligibility
2
E
&
@ 33 full-text articles were excluded:
23 linguistic reasons
L 10 not retrievable
—
3
3
2
64 articles were included
/

normal vital sign, normally developed with a corresponding
GA and with a regular heartbeat but located in the upper left
quadrant of the abdomen. During a trans-vaginal ultrasonog-
raphy (TV-US), no gestational chamber was detected in the
sonography field. Conversely, there was evidence of a huge
mass with inhomogeneous, iso-hypoechogenic areas, sug-
gesting the presence of a broad UF with some areas of col-
liquation. However, no exhaustive information regarding the
relationship between UF and UC was obtained. TA-US also
detected the presence of three UFs embedded in the anterior
uterine wall. After the administration of analgesic therapy
(paracetamol and tramadol) for 24 consecutive hours, there
was no substantial relief of symptoms, therefore, leading to
the choice of myomectomy.

A pre-operative MRI was performed to estimate the
precise position of UF and its relationship distance from

UC. At the MRI, the UC appeared to be displaced upward
and laterally, deviated into the upper left quadrant of the
abdomen (Fig. 2). The large subserosal UF measured
175% 123 x 103 mm, with heterogeneous hyper-intense
T2-weighted areas, rising from the isthmic area (Fig. 3).
Three additional UFs were identified in the anterior
uterine wall. One was located very close to the UC and
placenta implant area, partially deforming it. A posterior
intramural UF (about 40 mm in mean diameter) near the
posterior wall of the gestational sac was also detected
(previously missed by TA-US, Fig. 4). In addition, right
hydronephrosis was observed. MRI not only estimated
the exact position of the UFs, but also permitted an exact
calculation of the distance between UFs and the UC.
This information was essential for the surgeon in decid-
ing to safely remove only the larger UF, given that such
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DFOV 40.0cm

DFOV 39.0cm

FOV:39x38

WA 1958WL: 947

Fig.2 Subserous myoma, with heterogeneous hyper-intense
T2-weighted signal areas, arises from the isthmic region and dis-
places the uterine cavity and fetus upward and laterally into the upper
left quadrant of the abdomen. a Coronal; b oblique sagittal

a distance ranged between 9.8 mm and 11.7 mm, while
the remaining UFs showed a non-permissive distance
for surgery (less than 5 mm to the UC) (Figs. 4, 5). The
patient was informed of the risk to her clinical status, of
the surgical and post-surgical risks connected with uter-
ine surgery, of the unfavorable outcome without any sur-
gical intervention, and subsequently underwent an LPT
myomectomy. A longitudinal pubic-supraumbilical LPT
was performed (due to the volume and position of UFs).

@ Springer

a

DFOV 40.0cm

FOV:40x40]

11z distance 123.1mm, angle 90°
\WAW: 2966WL: 1285

b

DFOV 39.0cm Mag = 1.00
FL:

ROT:

L e o) 'y i

FOV:39x38 N

ce’:,? 7S.4mm, angle 11°

ce103.1mm, angle 78°
W 2144WL: 906

Fig.3 Subserous myoma in T2-weighted signal areas, estimated size
175%123x 103 mm that arises from the isthmic area and occupies
the entire pelvic area and lower part of the abdomen. a Coronal; b
oblique sagittal

The largest UF, according to pre-operative MRI findings,
was successfully removed without entering the UC; con-
versely, the removal of the anterior and posterior UFs
(lying within a non-permissible distance from the UC)
was avoided. Fetal well-being was evaluated post-surgery
through a sonographic assessment. There were no major
or minor complications in the post-operative period. The
patient received antibiotic and analgesic therapy and
was discharged after 6 days from surgery. Histological
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a

DFOV 40.0cm

FOV:40x40

Ww: 1568WL: 717

b

DFOV 39.0cm

FOV:39x38

36WL: 932

Fig.4 Three myomas of the anterior uterine wall. One of them is
very close with the uterine cavity and placenta implant area (*). A
posterior intramural myoma (#), with hyper-intense T2 weighted sig-
nal areas, in close relation with posterior wall of gestational sac. a
Axial; b oblique sagittal

examination confirmed the diagnosis of a UF with areas
of ischemic necrosis, a maximum diameter of 175 mm
and a weight of 1350 g. Pregnancy continued normally
with periodical (3 weeks) evaluations of fetal well-being
until 38 weeks of gestation when a cesarean section was
performed. The patient delivered a healthy female baby
weighing 2180 g.

DFOV 40.0cm

FOV:40x40
nce11.7mm, angle 0°
nce 8.8mm, angle 80°
WAW: 2442WL: 1238

Fig.5 Distance between myoma and uterine cavity: the larger myoma
has a distance to uterine cavity ranging between 9.8 and 11.7 mm. a
Coronal; b oblique sagittal

Discussion
Main findings

Starting from the description of a peculiar case in which
MRI played a key role in the decision regarding a symp-
tomatic UF in a pregnant woman, in the present paper, we
summarized the available evidence on the pre-operative use
of imaging techniques (MRI and US) for UFs during preg-
nancy. A total number of 64 articles and 210 women were
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evaluated. The most reported pre-operative diagnostic imag-
ing tool was US reported in 38 cases. Conversely MRI was
reported in only 8 cases. Importantly, among the reports and
series included, only 9 cases of fetal demise were reported
[16, 40, 49, 51, 54, 58, 59, 64, 65]. In 7 cases, fetal demise
occurred as a direct consequence of the myomectomy, rang-
ing from 5 days to 14 days following the surgical procedures
[16,49, 51, 54, 59, 64, 65]. In 1 case, fetal demise occurred
late [58]; whereas in another, [40] it occurred as an inde-
pendent event. Accordingly, it might be apparently deduced
that US can provide an accurate pre-operative evaluation of
UF features in the majority of situations. However, some
considerations need to be taken into account in this regard:
Firstly, negative results from interventions are less likely
to be reported (publication bias due to “positive results”),
potentially reducing the amount of available reports con-
cerning fetal complications related to myomectomy. Sec-
ondly, there are many reasonable advantages from the addi-
tional use of MRI, especially in specific situations (such as
huge intramural UFs of the posterior uterine wall). US is
the diagnostic gold standard for fetal diseases [98—102], but
it is also the first-line technique (both TV-US an TA-US)
in the assessment of several maternal conditions, including
abdominal masses and UFs [103]. Nevertheless, US is not
faultless and its accuracy is mainly dependent on the sonog-
rapher’s skill [104, 105]. Specifically, in the evaluation of
UFs, US was associated with a high positive predictive value
(97%), but poor sensitivity (40-47%), mainly depending on
the volume of UFs. Furthermore, US may be lacking when
it comes to accurately localizing UFs, especially when intra-
mural. TV-US shows a good sensitivity when UFs are few
and small. However, when the uterus is enlarged, especially
when the volume is>375 mL or in cases of multiple UFs
(>4), the capability of both TA-US and TV-US in “myoma
mapping” was shown to be lower in comparison to MRI
[106, 107]. Furthermore, some patient features, such as obe-
sity or intestinal meteorism, may further limit the accuracy
of TA-US examination. Last but not least, warped uterine
anatomy during pregnancy could not allow a thorough evalu-
ation of the posterior uterine wall [108]. Conversely, poor
evidence is available regarding the potential role of MRI in
the pre-operative evaluation of UFs during pregnancy [30,
31]. MRI is a secondary imaging technique that is mainly
used for evaluation of adnexal masses and endometrial/pel-
vic lesions [109]. It can recognize all the characteristics of
non-degenerated, degenerated and complicated UFs (edema,
hemorrhages, red degeneration) [29, 110] with high degree
of accuracy. With regard to obstetric use, the American
College of Radiology (ACR) asserts that MRI displays no
evidence of any harmful effects on the fetus [30]. However,
its use, especially with gadolinium-based contrast agents,
should be reserved only when a potential significant ben-
efit to the patient or fetus is predictable [111, 112]. MRI

@ Springer

has a slightly lower PPV (91%) but a significantly higher
sensitivity (80%) and a minimal measurement discrepancy
to histology report when compared to US [105]. MRI also
showed a higher sensitivity in identifying UFs correctly than
TV-US with regard to uterine wall embedment and position.
Particularly, the proportion of UFs that were misclassified in
embedment was significantly higher by TV-US [106, 113].
Consequentially, MRI is considered as the best diagnostic
approach when an ultrasonography result is inconclusive,
especially when the degenerating UFs are hidden in the pel-
vis or are embedded posteriorly, unattainable by US [114,
115] or when US cannot differentiate a complicated adnexal
masses from a twisted UF [109, 116].

Implications

Despite the high accuracy of MRI in evaluating UFs, such a
technique is not widely used in the pre-operative assessment
of symptomatic UFs during pregnancy, mainly due to lower
costs and easy access of US. Its use is restricted to specific
obstetric situations, such as in the evaluation of endome-
triosis and prior to uterine artery embolization [117-119].
Nevertheless, we want to stress the concept that MRI can
clearly demonstrate the relationship between UFs, UC and
placenta before surgery. Specifically, it can provide some key
information about the feasibility and the risk of performing
the excision of UFs during pregnancy, guiding physicians in
clinical management and in patient counseling. It is interest-
ing to note that scanty shreds of evidences can be gathered
from the literature regarding the distance between UC and
UFs as measured by MRI, notwithstanding the recommen-
dation of not opening the UC unless a safe removal dis-
tance is guaranteed [11]. Only one author [31] documented
the use of MRI for this purpose. Doerga et al. performed
both US and MRI to evaluate the general characteristics of
the myoma, using the MRI to estimate exactly the distance
between the gestational sac and the peduncle of the myoma
(13 mm) [31]. After all, the trigger to set up a systematic
review pointing out the diagnostic tools utility in the evalu-
ation of UFs in pregnancy arose from the analysis of our
case, where the pre-operative MRI valuation was decisive
helping the surgeon to remove only the largest UF, leaving
the smallest anterior and posterior UFs. Conversely, evaluat-
ing the other cases where MRI was performed, no authors
mentioned this measurement [26, 33, 66, 75, 81, 83-85,
89]. Furthermore, regardless of the risk of opening the UC,
MRI becomes necessary when a rapid growth of UFs could
be indicative of a malignant neoplasm [120]. It could be
affirmed that the utility of MRI is strictly correlated with
UF characteristics, particularly its localization. In the case
of pedunculated UFs, US evaluation can gather all suitable
information and, generally, no further pre-operative evalua-
tion should be requested. Concerning this type of UFs, they
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represent the best laparoscopically approachable leiomyoma
in pregnancy. In fact, the most decisive factor that influences
the type of access (LPS or LPT) is localization (peduncu-
lated vs. embedded myomas) [44, 121]. This depends mainly
on the possibility of performing a safe cut without affect-
ing the uterine body and without performing any particular
suture, avoiding any risk of wound break during pregnancy
or delivery [33, 122]. It is interesting to note that only two
non-pedunculated laparoscopy myomectomy cases were
reported in literature. Melgrati et al. [34] described a LPS
myomectomy of a subserous pedunculated myoma using a
gasless approach and, consequentially, using conventional
laparotomy instruments. Ardovino et al. described the
removal of a subserous pedunculated myoma by laparos-
copy through a partial enucleation, leaving a minimal intra-
uterine residual tissue and without performing any needle
sutures [38]. Concerning submucosal UFs, which usually
cause infertility or a high rate of vaginal discharge, they were
previously treated during a preliminary fertility-planning
program [123-130] and they will not be considered in our
discussion, although the removal of a submucosal UF has
been reported in literature. Obara et al. [85] performed a par-
tial vaginal myomectomy for a sub-mucous, pedunculated
UF that arises from the posterior wall of the cervix. Finally,
in pregnancy, when UFs are embedded (intramural), lapa-
rotomy is likely to be more suitable to achieve safety sutures
such as baseball suture, with interrupted sutures at the bot-
tom and with continuous sutures at the uterine incision or
unidirectional knotless barbed suture [131]. In these cases,
especially for intramural myomas where US lacks localiza-
tion accuracy, the pre-operative use of MRI should be con-
sidered. Some doubts concerning the use of MRI in compli-
cated UF evaluation during pregnancy have been raised. A
probable delay in the management of an acute condition such
as a sudden torsion of a uterine UF has been proposed [35].
However, even in the case of a sudden torsion of a pedun-
culated UF, it would be reasonable to perform a successful
pre-operative evaluation because they do not immediately
affect either mother or fetal life [15, 19, 40]. Moreover, the
presence of a pedunculated UF (with or without torsion)
removes all risks of affecting the UC during a hypothetical
surgical intervention. In this case, the use of MRI could be
discussed. Kosmidis et al. [36] rightly pointed out the dif-
ficulty of receiving MRI in every hospital. However, when a
US evaluation result is inconclusive, transferal of the patient
to a reference hospital could be necessary.

Limits

The main limitations of our review are related to the design
of original studies (all case report or series) and to the lack
of detailed descriptions of imaging findings provided by
authors. Nevertheless, due to the rarity of the condition,

prospective studies evaluating the use of MRI prior to
myomectomy during pregnancy are unlikely to be imple-
mented. Moreover, many non-reported/non-retrieved data
derived from the absence of the diagnostic technology used
(US and/or MRI) in the clinical practice at the time when
the case report/case series were written. Another important
issue is the scanty evidences in the literature of the MRI
preoperative evaluation to asses UFs features, in particular
its application concerning the distance to the UC. However,
the stated purpose of systematic reviews is to help health-
care providers by providing a reliable synthesis of the avail-
able evidence on a given topic, even if data are few. Starting
from this premise, we hope that our review may figure as
an eye-opener for clinicians and scientists on this topic, by
stressing the need for future research on the impact of diag-
nostic tools (ultrasound/MRI) on the management of UFs
during pregnancy. This review pointed out the use of imag-
ing tools, US and MRYI, in the evaluation of UF features in
pregnancy discussing marginally the surgical management.
Consequentially, a dedicated review, concerning the surgical
management of myoma during pregnancy, focusing on the
indication, fibroma characteristics, and obstetrical outcome
could be complementary. The main strong point of the pre-
sent study lies in its originality, as no prior review investigat-
ing such a topic has been published to date.

Conclusion

In pregnant women suffering from symptomatic UFs, the
pre-operative use of MRI might be considered. Compared
to US, MRI may provide a more objective evaluation of
UFs, especially if large (with a uterus with a total vol-
ume > 375 ml), intramural or posterior. Additionally, MRI
could measure the distance between UFs and UC with better
precision, potentially informing clinicians about the feasibil-
ity of surgical removal of the tumor and regarding the risks
of opening the uterine cavity during surgery.

Conversely, US may allow an adequate pre-operative
evaluation of anterior, submucosal or pedunculated UFs in
the majority of cases. Therefore, in such cases, MRI may
not be required.

Further studies are needed to elucidate further the advan-
tages associated with the pre-operative use of MRI for UFs
during pregnancy. Further studies will also clarify its real
impact on success during surgery and on fetal health after
surgery.
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