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Objective: To determine the incidence and risk factors for intrauterine adhesions (IUAs) after minimally invasive and open myomec-
tomy and hysteroscopic myomectomy (HM).
Design: Retrospective cohort study.
Setting: University-affiliated fertility center.
Patient(s): Patients aged R18 years undergoing robotic-assisted or conventional laparoscopic minimally invasive myomectomy,
abdominal myomectomy, or HM between January 2007 and January 2017. Only patients who underwent uterine cavity evaluation
within 12 months of surgery via hysteroscopy or hysterosalpingography were included. Patients were excluded if they had a history
of IUA before myomectomy.
Intervention(s): Not applicable.
Main Outcome Measure(s): The primary outcomes of this study were the presence and severity of IUA. The secondary outcomes were
the identification of risk factors for IUA formation. The severity of IUAs was scored by 2 investigators using a previously published
grading system by March et al.
Result(s): Of 1,315 patients who underwent myomectomy, 173 (13.2%) met the inclusion criteria. Intrauterine adhesions were iden-
tified in 9.3% of all patients, 75.0% of which were classified as minimal. The incidence of IUA did not vary bymodality: 8.6%, minimally
invasive myomectomy; 7.8%, abdominal myomectomy; and 11.8%, HM. There were no differences in incidence of IUA by the number or
size of fibroids removed. Of patients with IUA, 87.5% had submucosal fibroids resected compared with 58.6% without IUA.
Conclusion(s): The incidence of postoperative IUA in women undergoing myomectomy of any modality is relatively low (9.3%) and
does not vary by modality alone. Most IUAs are of minimal degree. The presence of submucosal fibroids is associated with an increased
risk of IUA in all modalities. (Fertil Steril Rep� 2022;3:269–74. �2022 by American Society for Reproductive Medicine.)
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U terine fibroids are the most
common gynecologic tumor,
with a prevalence of 70%–

80% by the age of 50 years (1). In
reproductive-age women, fibroids are
estimated to be causal in 1%–2% of
infertility diagnoses (2). Fibroids dis-
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torting the uterine cavity carry the
highest risk of infertility and pregnancy
loss (3). It has been postulated that this
is due to aberrations in endometrial
receptivity and the hormonal milieu of
the endometrium (4). Although asymp-
tomatic noncavity-distorting intramu-
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ral fibroids do not seem to affect
fertility, data suggest an adverse effect
on the live birth rates in women with
infertility undergoing in vitro fertiliza-
tion (5).

Multiple treatment options exist
for uterine fibroids, including medical
management, radiofrequency ablation,
uterine artery embolization, myomec-
tomy, and hysterectomy. Myomectomy
is the fertility-sparing intervention of
choice in patients who have not
completed childbearing. The modality
of myomectomy is often dictated by
the location, number, and size of fi-
broids as well as physician skill level
with varying degrees of recovery time
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and complications rate reported (6, 7). Regardless of
approach, myomectomy is not without reproductive risks.

Intrauterine adhesions (IUAs) may develop because of
endometrial injury during myomectomy and negatively
impact reproductive function. However, the incidence and
severity of IUA after myomectomy are poorly understood.
The mechanism of IUA formation is still largely unknown
and likely multifactorial. Trauma to the basalis layer of the
endometrium is commonly considered the inciting event in
the formation of IUA (8, 9). Hysteroscopic myomectomy
(HM) is clearly associated with the formation of IUA, with mo-
nopolar energy and multiple opposing fibroids associated
with a higher risk of IUA formation (10–13). However, few
studies have reported on how laparoscopic or abdominal
approaches affect the presence of postoperative IUA (10–
12). Moreover, no studies to date have directly compared
the incidence of IUA after all different myomectomy
techniques. This type of information is useful in the setting
of a patient-centered operative planning and counseling.

We reviewed our 10-year experience in patients who have
undergone myomectomy followed by hysteroscopy or hyster-
osalpingography (HSG) to evaluate for the presence of IUAs.
Our goal was to characterize the incidence and severity of
postoperative IUA formation for each surgical modality.
Furthermore, we explored patient and surgical level variables
associated with IUA formation.
MATERIALS AND METHODS
Study Population and Design

All patients (n ¼ 1,315) aged 18–50 years old undergoing
robotic-assisted laparoscopic myomectomy (RM), traditional
laparoscopic myomectomy (LM), abdominal myomectomy
(AM), or HM between January 1, 2007, and January 1, 2017
at the Center for Infertility and Reproductive Surgery at Brig-
ham and Women’s Hospital were reviewed for this retrospec-
tive cohort study. Patients were excluded if they did not
undergo postoperative hysteroscopy or HSG within 12
months of their first myomectomy (n ¼ 1,134). Women
were also excluded if they underwent a combined myomec-
tomy procedure (i.e., LM and HM) (n ¼ 8) to be able to isolate
the mode of myomectomy to subsequent IUA formation.
None of the patients were known to have prior IUAs or
congenital uterine anomalies. A total of 173 patients met
these criteria and were included for analysis.
Outcomes and Definition of Study Groups

The primary outcomes were the presence and severity of IUAs
on follow-up hysteroscopy or HSG. The decision for hysteros-
copy vs. HSGwas made at the discretion of the treating physi-
cian taking into account insurance, patient preference, and
clinical scenario. Intrauterine adhesion severity was scored
by 2 investigators (P.B., K.K.) as ‘‘minimal,’’ ‘‘moderate,’’ or
‘‘severe’’ using a method previously described by March
et al. (14). A third investigator (A.G.) was designated a priori
as a tie-breaker for discrepancies in scoring; however, no
scoring discrepancies were encountered. Owing to the simi-
larity in the surgical approach, RM and LM were combined
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into a minimally invasive surgery category (MIS) for analysis.
Patients undergoing AM and HM were considered
individually.
Surgical Techniques

In our practice, operative hysteroscopy is performed in an
operating room under conscious sedation using a 22- or 26-
Fr rigid hysteroscope paired with a telescope featuring a 12�

direction of view. A fluid management system to maintain
constant distention pressure between 80 and 100 mm Hg
(Hysteromat II, Karl Storz) is used. When using monopolar
electrosurgery, distention was provided with 1.5% glycine.
Normal saline is used as distention media for bipolar electro-
surgery. Laparoscopic myomectomies and RMs are performed
in a technique previously described in a publication by our
group (6). Abdominal myomectomy is performed in the dorsal
lithotomy position via a Pfannenstiel skin incision. Diluted
vasopressin (20 units in 60 mL of injectable saline) and/or a
Penrose drain placed around the uterine cervix as a tourniquet
are routinely used for hemostasis at the surgeon’s discretion.
The smallest number of serosal incisions necessary to
enucleate the fibroids is used. If the cavity is entered, the po-
liglecaprone 25 suture is used to oversew the endometrial
defect, taking care to avoid having suture within the endome-
trium. The remaining myometrium is routinely closed in mul-
tiple layers using polyglactin 910 suture with an imbricating
serosal layer.

Postoperative evaluation of the uterine cavity after myo-
mectomy is not currently considered standard of care. How-
ever, a second look is recommended by the clinicians of our
center when concern for residual pathology exists or when
an assisted reproductive procedure is planned in the short
term.
Second-Look Diagnostic Hysteroscopy or HSG

Our office diagnostic hysteroscopy technique, performed be-
tween cycle days 5 and 12, aminimum of 3months after myo-
mectomy, employs a 3.1-mm flexible video hysteroscope
(Olympus HYF-XP, Olympus Surgical Technologies America),
with normal saline solution as the distending medium. Hys-
terosalpingography is performed under fluoroscopy in a radi-
ology suite using a large Cohen Acorn intrauterine cannula
(Jarit) or an intrauterine balloon catheter, with water-based
contrast dye.
Statistical Analysis

Parametric and nonparametric statistics were used to
examine differences between groups. Given the small number
of events encountered, Fischer’s exact test was used to
compare differences between groups. Statistical significance
was denoted by a P value of < .05. Given the small sample
size and hypothesis-generating nature of the study, no adjust-
ment for multiplicity of outcomes was performed. Data anal-
ysis was performed using STATA SE version 16 (StataCorp
LP).
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TABLE 1

Patient characteristics.

Variables

Intrauterine adhesions No intrauterine adhesions P value

N [ 16 (9.3%) N [ 157 (90.7%)

Age, mean (SD) 34.8 (5.5) 37.3 (4.8) .046
Gravidity, median (IQR) 0 (0-1.5) 1 (0-1) .240
Parity, median (IQR) 0 (0-0) 0 (0-0) .923
Race, n (%) .852
White 6 (37.5) 65 (41.4)
African American 6 (37.5) 43 (27.4)
Asian 2 (12.5) 19 (12.1)
Other/unknown 2 (12.5) 30 (19.1)
Hispanic, n (%) 0 (0) 9 (5.7) 1.000
Indication for myomectomy, n (%)a

Recurrent pregnancy loss 1 (6.3) 9 (5.7) 1.000
Abnormal uterine bleeding 8 (50.0) 58 (36.9) .418
Bulk symptoms 2 (12.5) 20 (12.7) 1.000
Pelvic pain 4 (25.0) 20 (12.7) .244
Infertility 8 (50.0) 90 (57.3) .605
Other 1 (6.3) 7 (4.5) .548
Prior uterine surgery, n (%) 7 (43.8) 53 (34.9) .585
Note: IQR ¼ interquartile range; SD ¼ standard deviation.
a Patients may have more than 1 indication.

Bortoletto. Intrauterine adhesions after myomectomy. Fertil Steril Rep 2022.
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Ethical Approval

This study was approved by the Brigham and Women’s Insti-
tutional Review Board (study protocol number
2017P000047).
RESULTS
Between January 1, 2007, and January 1, 2017, a total of 173
women underwent either MIS (n ¼ 70; RM, 63, and LM, 7),
HM (n ¼ 51), or AM (n ¼ 52) followed by diagnostic hyster-
oscopy (n ¼ 151) or HSG (n ¼ 22) within 12 months of index
myomectomy. The demographic characteristics of the study
cohort are displayed in Table 1. In total, 16 patients (9.3%)
were found to have postoperative IUAs: 8.6% in the MIS
group, 11.8% in the HM group, and 7.8% in the AM group
(P¼ .800) (Fig. 1). Patients with IUA tended to be younger
(mean, 34.8 vs. 37.3 years; P¼ .056); however, there were
no differences in gravidity, parity, indication for
FIGURE 1

Incidence of intrauterine adhesions by modality.
Bortoletto. Intrauterine adhesions after myomectomy. Fertil Steril Rep 2022.
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myomectomy, or history of prior uterine surgery between
those with and without IUA (P>.05).

Surgical variables are displayed in Table 2. There were no
differences in the presence of IUA by the fibroid number,
diameter, or total specimen gross specimen weight (P>.05).
Submucosal fibroids were more common in those with IUA
than in those without (87.5 vs. 58.6%, P¼ .029). There were
no differences in IUA with the addition of other intrauterine
procedures (i.e., polypectomy, curettage, intrauterine device
removal, or chromopertubation) (P¼1.000). For patients un-
dergoing MIS or AM, there were no differences in IUA by
the number of layers used to close largest fibroid defect, use
of barbed suture for closure of deepest layer, or incidental
breeching of the endometrial cavity (P>.05). For all modal-
ities, IUA did not differ by the use of postoperative IUA pre-
vention strategies, such as intrauterine balloon and/or
exogenous hormones (P>.05).

Finally, there were no differences in the severity of IUA by
the procedure type, total fibroids removed, presence of sub-
mucosal fibroids, combination of anterior and posterior fi-
broids, and total specimen weight (P>1.000) (Table 3).
DISCUSSION
In a 10-year retrospective cohort of 1,315 patients undergo-
ing either RM, LM, HM, or AM, the global incidence of post-
operative IUAs diagnosed by postoperative hysteroscopy or
HSG was 9.3%. There was no difference in the incidence of
IUA by modality (8.6% in the MIS group, 11.8% in the HM
group, and 7.8% in the AM group [P¼ .800]).

Uterine fibroids are a common feature of the human
uterus, with a lifetime prevalence of up to 70% in white
women and up to 80% in black women (15). Approximately
30% of women may experience abnormal uterine bleeding,
pelvic pain, and infertility depending on fibroid location,
271



TABLE 2

Surgical characteristics.

Variables

Intrauterine adhesions No intrauterine adhesions P value

N [ 16 (9.3%) N [ 157 (90.7%)

Procedure type, n/N (%) .800
Abdominal 4/52 (7.8) 48/52 (92.3)
Hysteroscopic 6/51 (11.8) 45/51 (88.2)
Minimally invasive 6/70 (8.6) 64/70 (91.4)
Other intrauterine procedures, n/N (%)
Polypectomy 0/6 (0.0) 4/45 (8.9) 1.000
D&C 1/16 (6.3) 18/157 (11.5) 1.000
IUD removal 0/16 (0.0) 1/157 (0.6) 1.000
Chromopertubation 2/10 (20.0) 22/112 (19.6) 1.000
Total fibroids removed, median (IQR) 3.5 (1-14) 3 (1-8) .704
Presence of submucosal fibroids, n (%) 14 (87.5) 89 (58.6) .029
Diameter of largest fibroid, median (IQR) 5.0 (2.9-6.0) 6 (4-9) .096
Postoperative adhesion preventiona, n (%) 1 (6.3) 4 (2.6) .388
Incidental adenomyosis, n (%) 1 (6.3) 2 (1.3) .254
Specimen weight (g), median (IQR) 69.8 (11-250) 165 (53.5-376.5) .141
For minimally invasive procedures and abdominal procedures
Preoperative GnRH agonist, n/N (%) 0/10 (0.0) 12/112 (7.6) .596
No. of layers of closure, median (IQR) 4 (3-4) 3 (3-4) .070
Barbed suture for deepest layer, n/N (%) 2/10 (20.0) 29/104 (27.9) .726
Cavity entry, n/N (%) 7/10 (70.0) 46/112 (41.1) .100
Intra-operative vasopressin, n/N (%) 9/10 (90.0) 98112 (87.5) 1.000
Note: D&C ¼ dilation and curettage; GnRH ¼ gonadotropin-releasing hormone; IQR ¼ interquartile range; IUD ¼ intrauterine device; SD ¼ standard deviation.
a Hormone and/or intrauterine balloon.

Bortoletto. Intrauterine adhesions after myomectomy. Fertil Steril Rep 2022.
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size, and number (16, 17). The impact of fibroids on fertility
remains controversial. These tumors are present in up to
27% of patients undergoing assisted reproduction and may
be the only clearly identifiable cause of infertility in 1%–

3% of infertile patients (18–20). As a result, patients are
often counseled toward myomectomy to treat symptoms
while maintaining reproductive ability or in the hopes of
TABLE 3

Intrauterine adhesion severity.

Variables

Intrauterine adhesion severity

Minimal
Moderate
to severe P value

N [ 12
(75.0%)

N [ 4
(25.0%)

Procedure type, n/N (%) .604
Abdominal myomectomy 4/4 (100.0%) 0 (0.0)
Hysteroscopic myomectomy 4/6 (66.7%) 2/6 (33.3)
Minimally invasive

myomectomy
4/6 (66.7%) 2/6 (33.3)

Total fibroids removed,
median (IQR)

6 (2-14) 1.5 (1-2.5) .073

Presence of submucosal
fibroids, n (%)

11 (91.7) 3 (75.0) .450

Combination of anterior and
posterior fibroids, n (%)

5 (41.7) 1 (25.0) 1.000

Total specimen weight (g),
median (IQR)

93 (30-320) 34.5 (9.4-109) .322

Note: IQR ¼ interquartile range.

Bortoletto. Intrauterine adhesions after myomectomy. Fertil Steril Rep 2022.
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improving reproductive potential with assisted reproductive
technologies, either in the setting of a difficult embryo
transfer or with repeated in vitro fertilization failures
without another identifiable cause.

The cornerstone of patient-centered surgery is an
informed patient choice on the basis of the knowledge of risks
and benefits of all treatment options. Intrauterine adhesions
are a well-known complication of myomectomy, with poten-
tially devastating effects on future reproductive potential.
Regrettably, a surgeon’s ability to counsel patients on the
risk of IUA after different myomectomy modalities is limited
by the absence of comparative studies. A randomized trial to
assess the risk of IUA after different myomectomy modalities
makes little clinical sense currently because of the wealth of
data supporting the utilization of the least invasive modality
that is surgically feasible (personalized care). In the absence of
a solid ethical basis to design a prospective study, our group
performed a large, single-center retrospective study with
stringent inclusion criteria and reliable, short-term, second-
look evaluations of uterine cavities.

The Center for Infertility and Reproductive Surgery of
Brigham and Women’s Hospital, where all surgeries in this
study were performed, is staffed by reproductive endocrinol-
ogists and infertility subspecialists trained as advanced repro-
ductive surgeons. A surprising finding of our study was the
high percentage of patients who did not undergo a second-
look intrauterine evaluation at our center within a year of
the myomectomy. Indeed, of 1,315 patients, only 173
(13.2%) were eligible for inclusion. The fact that almost
87% of our postmyomectomy patients did not meet our
VOL. 3 NO. 3 / SEPTEMBER 2022
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stringent follow-up inclusion criteria may be due in part to
the fact that we are a national referral center. After surgery,
many of our patients return to their referring gynecologists
and infertility specialists for fertility care. As explained
earlier, we decided to only include our own second-look eval-
uations in this analysis, because of the standardized adhesion
scoring criteria used. As a result, all patients who were
referred to us for surgery only and had second-look endome-
trial cavity evaluation with an outside provider were not
captured by this study.

Some of our patients and clinicians prefer an ultrasound-
based evaluation of the endometrial cavity and tubal patency
with sonohysterogram postoperatively. This ultrasound-
based imaging is operator dependent and performed by an
outside group at our institution. Thus, sonohysterograms
did not allow for precise and independent objective scoring
of IUA in this study, and these patients were excluded.
Another possible reason for the low study inclusion rate is
that many of our postmyomectomy patients were able to
conceive either spontaneously or with first-line fertility treat-
ments, such as intrauterine insemination. Without the need
for assisted reproductive technologies, patients do not need
a postmyomectomy uterine evaluation (unless the surgeon
has a specific surgical concern). The possibility that our pa-
tients failed to follow-up for fertility treatment due to lack
of access to care is less realistic, given the Massachusetts state
mandate that commercial insurances cover the cost of assis-
ted reproduction for infertile couples.

The observed high rate of attrition frommyomectomy to a
documented second-look evaluation highlights the objective
challenges of such a retrospective study and possibly explains
why we still lack good comparative studies on the incidence
of IUA after different types of myomectomies. A multicenter
study could provide a larger data set but would likely result
in greater surgical technique variability. Because minimally
invasive myomectomy techniques are considered advanced
surgical techniques, limiting the data set to a high-volume,
single center with a stable group of operators offers some de-
gree of standardization in quality and technique. We believe
that this is a strength of this study because it is increasingly
rare to find reproductive medicine programs performing
RM, LM, AM, and HM at high volume.

Our study also features some evident limitations. First, the
unexpectedly low study size and, thus, low absolute numbers
of those with IUA in all treatment groups made it statistically
impossible to perform some of the comparisons we had orig-
inally planned. For example, we were not able to study the
impact of the size, number, and depth of penetration of fi-
broids on the incidence of postoperative adhesions. Published
adhesion rates after HM have been described in the range of
7.5%– 20% (10, 21); likewise, the rare studies investigating
IUA after open myomectomy and minimally invasive myo-
mectomy were 19%–25.1% and 21%, respectively (13, 22,
23). The lower rate of adhesions found in our surgical patient
population may reflect technical excellence in a high-volume
subspecialized reproductive surgery practice, or could have
occurred by chance, owing to the low percentage of cases
with second-look information. Finally, we were unable to
use the International Federation of Gynaecology and Obstet-
VOL. 3 NO. 3 / SEPTEMBER 2022
rics fibroid staging system given the retrospective nature of
this data. We believe the International Federation of Gynae-
cology and Obstetrics staging would have enhanced general-
izability of our data for patient counseling.

In summary, on the basis of the 10-year experience of a
single, large academic center’s with multimodality myomec-
tomy for patients desiring future childbearing, we report an
incidence of postoperative IUAs of 9.3%, which did not vary
significantly by the surgical modality used. Furthermore,
aside from the presence of submucosal fibroids, there were
no readily identifiable risk factors associated with IUA
formation.
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