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ABSTRACT

Background and Objectives: The purpose of this study
is to assess the rate of persistent submucosal myomas and
intrauterine scarring after hysteroscopic myomectomy, as
well as to evaluate the preoperative and intraoperative
sonohysterographic findings that will predict persistence
of myomas, scarring, and the need for repeat surgery.

Methods: Charts from all hysteroscopic myomectomies
performed by a single surgeon between 2003 and 2011
were reviewed for preoperative, intraoperative, and post-
operative sonohysterographic findings. Predictors in-
cluded myoma number, diameter and percent extension
into the cavity of the largest fibroid, and percent surgically
resected. These predictors were assessed with postoper-
ative sonohysterography. Statistics included t test, logistic
regression, �2 test, and Fisher exact test.

Results: Among the 79 cases with postoperative sonohys-
terograms, 17 (21.5%) had persistent submucosal myoma,
and 9 (11.4%) had intrauterine scarring on postoperative
sonohysterogram. Repeat hysteroscopic myomectomy
was required in 11 (13.9%), but none required lysis of
adhesions. The myoma number was not a significant pre-
dictor. A higher percentage of myoma within the cavity
(63.35% vs 44.89%, P � .05) and smaller myoma size (2.22
cm vs 3.31 cm, P � .01) were significant predictors of a
complete resection, a normal postoperative sonohystero-
gram, and avoidance of repeat surgery. On regression
analysis, the percent of the myoma resected was the most
significant outcome predictor (P � .001).

Conclusion: Larger myomas with a lower percent found
within the uterine cavity are less likely to be completely

resected. Percent resection at the time of surgery is the
most significant predictor of a normal postoperative sono-
hysterogram, as well as the best predictor of the need for
repeat surgery.

Key Words: Hysteroscopic myomectomy, Submucosal
fibroid, Sonohysterography.

INTRODUCTION

Hysteroscopic myomectomies have become first-line sur-
gical therapy for the treatment of most submucous fi-
broids.1–3 This procedure, first described by Neuwirth in
1976, was introduced as a way to avoid major abdominal
surgery.4 The European Society of Hysteroscopy classifies
submucosal fibroids based on the percentage of intramu-
ral component of the fibroid. Type 0 includes peduncu-
lated fibroids completely within the cavity. Type I fibroids
have �50% extension within the myometrium. Type II
includes fibroids with 50% or greater extension into the
myometrium.5 This classification system, as well as other
factors including myoma size, location, and parity of the
patient, has been used to help predict the success of
hysteroscopic myomectomies. Several other factors have
been reviewed and found to be less predictive, including
number of myomas, preoperative hormone treatment, and
age at the time of surgery.6

Diagnostic hysteroscopy, transvaginal ultrasonography,
magnetic resonance imaging, and sonohysterography
(SHG) have been used to delineate the size, location, and
other details of submucosal fibroids. Diagnostic hysteros-
copy enables visualization of the submucosal portion of
the myoma; however, its measurement is an estimate, it is
operator dependent, it requires cervical dilation, and it is
an invasive office procedure.7 Ultrasonography can give
detailed measurements of fibroids but without cavity dis-
tension, and it is limited in assessing the submucosal
location and extent within the cavity. Adding saline solu-
tion into the cavity, as performed with SHG, allows for
more exact measurements of the percentage of fibroid in
the cavity, as well as the depth of myometrial involvement
of submucosal myomas.5,8 Although magnetic resonance
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imaging is valid and reproducible, it may not correspond
to findings at hysteroscopy because the images are taken
with an undistended cavity.7 SHG best mimics the appear-
ance of the submucosal fibroid in hysteroscopy while
having the additional benefit of evaluating its myometrial
extension.8,9 Leone et al8 used SHG to assess preoperative
submucous myomas and found that the type of myoma
was accurately graded and 100% concordant with hyster-
oscopic findings.

This study was designed to evaluate the preoperative
sonohysterographic findings that would predict a success-
ful hysteroscopic myomectomy, with either complete re-
section or no need for further resection. We hypothesized
that fibroids �3 cm in diameter and with �60% extension
into the cavity would have a higher rate of incomplete
resection, resulting in an abnormal follow-up SHG study,
sometimes necessitating further surgery.

MATERIALS AND METHODS

Using billing codes, we identified 240 subjects who un-
derwent 269 hysteroscopic myomectomies by a single
reproductive surgeon between 2003 and 2011. Among
these 240 subjects, 178 charts were able to be obtained
from long-term storage, and 69 patients who underwent
79 hysteroscopic myomectomy procedures were included
in our analysis. Inclusion criteria included patients with
histologically confirmed submucosal myomas and docu-
mented preoperative SHG, as well as a postoperative SHG
study within 3 months of the procedure (range, 6–12
weeks). Twenty-five patients who underwent an endome-
trial ablation along with the hysteroscopic myomectomy
did not undergo follow-up SHG, and in 89 cases, fol-
low-up SHG within 3 months of the procedure was not
found in the record.

The study was reviewed by the institutional review board
and deemed exempt. Data collected for this study in-
cluded historical information from the chart, findings at
the preoperative SHG study, intraoperative findings, and
postoperative SHG findings. The historical data assessed
included age, gravity, parity, history of menorrhagia, and
history of myomectomy. The preoperative SHG study was
assessed for the number, location, and size of all submu-
cosal myomas. To determine the percent of any submu-
cosal fibroid within the cavity, images of the preoperative
SHG study were reviewed along with the percentage doc-
umented in the SHG report. This was estimated from the
percent of the spherical myomas that was seen within the
fully distended cavity.

All hysteroscopic myomectomies were performed with
the Gynecare Versapoint bipolar loop resectoscope (Ethi-
con, Johnson and Johnson, Somerville, New Jersey), with
0.9% normal saline solution as the distension medium.
Laparoscopic guidance was used either when laparoscopy
was otherwise indicated or when the intramural portion of
the fibroid came within 1 cm of the uterine serosa. All
procedures were completed with patients under general
anesthesia, as a same-day ambulatory surgery in a hospital
setting. Regardless of intramural extension of the myoma,
an attempt was always made to remove the entire myoma.
This was not true of planned combined endometrial ab-
lation cases, but such cases were excluded from these
data. The number and size of submucosal myomas seen
and the percentage of each myoma resected were ob-
tained from the operative report.

In all subjects a postoperative sonohysterogram was ob-
tained after their first menses after surgery and within 3
mo of the surgical procedure. The postoperative SHG
findings were categorized as either normal, abnormal with
residual submucosal myoma, or abnormal with new-onset
intrauterine scarring. When a residual intracavitary fibroid
was considered clinically significant because of either
persistent menorrhagia or concern about the remaining
cavitary defect before planned conception, the patient
was offered a second hysteroscopic procedure to remove
any residual submucosal portion of the original submuco-
sal myoma. Likewise, if postoperative SHG showed sig-
nificant intrauterine scarring, a hysteroscopy for lysis of
adhesions was offered.

Historical data, preoperative SHG findings, and intraoper-
ative findings were used as predictors to assess whether
the postoperative SHG study was normal, whether there
was residual myoma, whether there was new scarring,
and whether a repeat hysteroscopy was either recom-
mended or performed. Statistics included t test, logistic
regression, �2 test, and Fisher exact test performed using
Systat 13 (Systat Software, Chicago, Illinois) and SAS soft-
ware (SAS Institute, Cary, North Carolina). A receiver op-
erating characteristic (ROC) curve was plotted to select the
optimal myoma size and intracavitary percent cutoff val-
ues for predicting a normal sonohysterogram after hyster-
oscopic myomectomy.

RESULTS

Sixty-nine patients underwent 79 hysteroscopic myomec-
tomies. Of these, 17 (21.5%) had persistent submucosal
myoma, and 9 (11.4%) had intrauterine scarring based on
postoperative SHG. A greater percentage of myoma
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within the cavity (63.01% vs 47.10%, P � .05) was a
significant predictor of a normal postoperative sonohys-
terogram and complete resection (Table 1). On regres-
sion analysis, the percent of the myoma resected at the
time of surgery was the most significant outcome predic-
tor (P � .0001) of a normal postoperative sonohystero-
gram. Percent of fibroid resected was statistically signifi-
cant for predicting normal postoperative SHG findings,
repeat surgery, and persistent fibroid (Table 1).

Nulliparity, younger age, percent of myoma within the
cavity, and size of the largest fibroid were all individually
statistically significant preoperative predictors of a normal
postoperative sonohysterogram. However, after we ad-
justed for all preoperative variables using a multiple lo-
gistic regression model, only percent of fibroid within the
cavity remained significant (Table 1). When the outcome
assessed was the need for a second hysteroscopy, we
found that the size of the largest fibroid and nulliparity
were significant once adjusting for other preoperative
variables and interpreting as an odds ratio. Looking at
persistent fibroids as the outcome, we found that the size
of the largest fibroid was also significant (Table 1).

Age and percent of fibroid within the cavity were statisti-
cally significant predictors of postoperative scarring of the
cavity after we adjusted for all other variables (Table 1).
The odds of scarring increased by 23% per year of patient
age (P � .01). As the percent of fibroid extension into the
cavity increased, the odds of scarring decreased (P � .05).

When comparing myomas �3 cm with �60% intracavitary
extension (n � 20) with smaller or more cavitary submu-
cosal myomas (n � 59), 55% versus 23.7% (P � .001) of
these larger substantially intramural myomas were signif-
icantly associated with an abnormal postoperative SHG
study. In addition, 50% versus 13.5% (P � .001) of these
larger predominantly intramural myomas were signifi-
cantly associated with residual submucosal myoma at fol-
low-up SHG, and 30% versus 8.5% (P � .012) of these
myomas were associated with the need for repeat surgery.

ROC analysis showed that the myoma diameter cutoff
value associated with an abnormal postoperative SHG
study was 2.6 cm, indicating that fibroids �2.6 cm were
more likely to have an abnormal postoperative SHG
study. Similarly, the optimal cutoff value for the percent of
the myoma in the cavity was 65%; fibroids with �65%
extension into the cavity were associated with an abnor-
mal postoperative SHG study.
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DISCUSSION

Hysteroscopic myomectomy is an effective minimally in-
vasive surgical treatment for submucosal fibroids. It allows
for avoidance of major abdominal surgical procedures,
including open abdominal myomectomies and hysterec-
tomies.4,10,11 However, these procedures may not be op-
timal for all patients with submucosal fibroids. In a review
of the literature, the degree of intramural involvement and
size of fibroid were noted to be the most important factors
in predicting a normal postoperative cavity.5,12,13 In our
study we found similar results. After we adjusted for all
preoperative variables, the intracavitary percent extension
of fibroid was the only significant predictor of a normal
postoperative sonohysterogram. However, the diameter
of the fibroid was a statistically significant predictor of
repeat surgery and persistent submucosal myoma.

We also examined intraoperative predictors including per-
centage of fibroid resected and the number of fibroids,
subjectively measured by the surgeon. The percent of the
submucosal myoma resected at the time of surgery was
the most significant predictor of a normal postoperative
sonohysterogram (Table 1). This finding has not previ-
ously been examined as a factor in successful hystero-
scopic myomectomy, according to our review of the liter-
ature.

The success of hysteroscopic myomectomies is generally
measured by 2 outcomes: symptom improvement, includ-
ing menorrhagia and infertility, and the need for further
surgery. Pregnancy rates in women after hysteroscopic
myomectomies are generally high when compared with
other groups of women seeking fertility treatment.14 Hart
et al13 performed long-term follow-up of 107 patients after
hysteroscopic myomectomies using the need for repeat
surgery as the primary outcome. Patients with type II
fibroids were 3 times more likely to require further surgery
than those with type I or 0 fibroids.13 When we used
repeat surgery as our primary outcome, we found that the
diameter of the largest myoma was the most significant
predictor. Mavrelos et al5 reported similar findings when
conducting a prospective study including 61 women
with symptomatic submucous fibroids. When they com-
pared patients with complete versus incomplete resec-
tion, the mean percent extension into the cavity and the
maximum fibroid size were statistically significant (P �
.001).5 We also found that nulliparous women were
86% less likely to undergo repeat surgery than parous
women. Most studies have not found parity to be a
significant factor. Though statistically significant, it may
not be clinically relevant.

Postoperative scarring was also used as an outcome in our
study. Nine of 79 patients (11.4%) had postoperative scar-
ring on SHG, which is slightly higher when compared
with a retrospective study looking at 53 infertility patients
after hysteroscopic myomectomy (postoperative scarring
rate, 7.5%).15 However, in that study, there was no signif-
icant difference in age or myoma size. We found that
younger women were less likely to have uterine syn-
echiae. We conjecture that perhaps we perform more
aggressive treatment in older patients who are not under-
going hysteroscopic myomectomies for fertility purposes
because the mean age of those with scarring was 42 years
compared with 37 years in those without scarring. When
adjusted for other factors, greater myometrial extension of
the submucous myoma was associated with intrauterine
scarring. Type II fibroids with greater myometrial exten-
sion may be technically more difficult to resect and there-
fore lead to postoperative scarring.

Our hypothesis that resection of fibroids �3 cm and with
�60% intracavitary extension would increase the risk of
an abnormal postoperative sonohysterogram was correct.
The ideal cutoff values offered by our ROC analysis (2.6
cm for diameter and 65% for intracavitary extension)
would be useful in the preoperative counseling of pa-
tients. More than 1 hysteroscopy may be required to safely
and completely remove the submucous myoma.

One of the strengths of our study was that the same
physician performed all sonohysterograms and operative
hysteroscopies. SHG is dependent on observer experi-
ence; the more experienced one is, the more accurate one
is in evaluating uterine cavities.7 We also limited the con-
founding variable of different imaging techniques by us-
ing SHG for both the presurgical and postsurgical assess-
ment of the cavity.

There are several limitations to this study. Because we
chose to standardize our postoperative evaluation with
SHG, we had to exclude 109 patients, which may alter our
results. In this study the sample size was relatively small
and the data collection was retrospective, both of which
come with inherent biases.

In summary, hysteroscopic myomectomies have become
a standard for treatment of submucosal fibroids; however,
proper patient selection is key to achieving a successful
outcome. We would recommend using a fibroid diameter
of �2.6 cm and �65% extension into the cavity to predict
a high probability of complete resection with a single
hysteroscopic myomectomy. The most significant preop-
erative predictor of a normal postoperative sonohystero-
gram was greater percent extension of the fibroid into the
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cavity. The most important overall predictor of a normal
postoperative evaluation was the surgeon’s intraoperative
assessment of a complete resection. Although the sur-
geon’s intraoperative assessment of a complete resection
cannot help select candidates for hysteroscopic myomec-
tomy, it can help guide expectations regarding the need
for postoperative evaluation and the possible need for a
repeat procedure.
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