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Abstract This study aimed to assess the feasibility and the
short- and long-term efficacy of hysteroscopic myomec-
tomy for submucous myomas with intramural development
[grade 1 (G1) and grade 2 (G2)] by using non-electrical
“cold” loops and to verify the role of preoperative variables
on surgical outcomes. Symptomatic (bleeding and infertility)
premenopausal patients with the diagnosis of submucous
myoma at transvaginal sonography, and with G1 and G2
grading at sonohysterography, were included in this prospec-
tive study. Hysteroscopic myomectomy was performed by the
combined monopolar electrical slicing and traction-and-
leverage manoeuvres by non-electrical “cold” loops. One
hundred fifty-nine patients were recruited, and 169 procedures
were performed. Operating time, fluid deficit, complications
and complete resection at first procedure (perioperative
outcomes) and persisting symptoms and additional surgery
for persisting symptoms (long-term outcomes) were not
significantly different for G1 vs. G2 myomas. Perioperative
outcomes were significantly different when comparing
myoma mean diameter <3.0 vs. ≥3.0 cm (75th percentile).
Multivariate analysis and multiple regression analysis proved
that myoma mean diameter was the only significant variable
for surgical outcomes. Hysteroscopic myomectomy by non-

electrical “cold” loops is an effective and efficient treatment
for submucous myomas with intramural development.
Myoma mean diameter is the only significant preoperative
variable for perioperative outcome, while myoma grading
loses its role as a prognostic factor.
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Hysteroscopic complications

Background

Hysteroscopic myomectomy is an efficient and effective
technique and is considered the standard of care for
conservative surgical removal of symptomatic (bleeding
and infertility) submucous myomas [1–3]. The size and the
different grading (G) of intramural extension of submucous
myomas determine the chance of a complete resection and
are strictly related to the risk of intraoperative complications
(haemorrhage, perforation and fluid overload) [4–8].

Resectoscopic myomectomy is usually performed by the
slicing technique with electrical loops. This technique is
optimal for intracavitary myomas (G0) but may lead to
partial section of the myometrial fibres on the uterine wall
when myomas have a partial (G1) or prevalent (G2)
intramural development. Moreover, thermal injury by
mono- or bipolar unmodulated pure cutting electrosurgery
might extend to more than 1.0 mm [9, 10], with additional
damage to the myometrium and to the endometrial cavity.
This might lead to late fertility complications, such as
intrauterine synechiae [11].

In mid-1990s, non-electrical loops (“cold loops”) were
introduced as an additional tool for hysteroscopic myomec-
tomy [12]. The use of cold loops to enucleate the intramural

Electronic supplementary material The online version of this article
(doi:10.1007/s10397-011-0706-4) contains supplementary material,
which is available to authorized users.

F. P. G. Leone (*) : S. Calabrese :C. Marciante : I. Cetin
Department of Obstetrics and Gynecology,
Clinical Sciences Institute L. Sacco, University of Milan,
Via G.B. Grassi 74,
20157 Milan, Italy
e-mail: leone.francesco@hsacco.it

E. Ferrazzi
Childrens’ Hospital Buzzi, University of Milan,
Milan, Italy

Gynecol Surg (2012) 9:155–161
DOI 10.1007/s10397-011-0706-4

http://dx.doi.org/10.1007/s10397-011-0706-4


portion of submucous myomas might avoid the unnecessary
extensive electrical cut of surrounding myometrial fibres
and the thermal injury of the adiacent myometrium. This
“mechanical” approach minimises direct myometrial damage
and unnecessary fibrosis in the area of surgical intervention.
Recently, this pioneering technique has proved to be effective
in a small series of large submucous myomas (≥5 cm) [13];
however, it has never been scrutinized in large and long-term
prospective studies. The aim of this study was to assess the
feasibility and the short- and long-term efficacy of the
combined use of non-electrical “cold” loops and monopolar
electrical loops for resectoscopic removal of G1 and G2
submucous myomas in a prospective series of symptomatic
(bleeding and infertility) premenopausal patients.

Methods

Patients Premenopausal patients complaining abnormal
uterine bleeding and/or infertility with G1 and G2 myomas
were consecutively recruited between January 2000 and
December 2009. Relevant demographic data were recorded.
The study design was approved by the institutional review
board.

Sonographic assessment Number, site and size of myomas,
the myometrial free margin and endometrial thickness and
pattern were assessed by high-quality transvaginal sonog-
raphy and saline contrast sonohysterography (SCSH).
SCSH was always performed according to previously
published 2D and 3D imaging criteria in order to preopera-
tively classify myoma grading [14, 15]. Grade 1 (G1) was
defined as a sessile fibroid, with the endocavitary part
protruding into the cavity dilated by saline solution ≥50%,
and grade 2 (G2) with the endocavitary part <50% and
prevalent intramural development. The myometrial free
margin was considered the shortest distance between the
outer margin of the myoma and the perimetrium as assessed
by SCSH. Inclusion criteria were: number ≤3 and size ≤5 cm
of submucous myomas and myometrial free margin ≥3 mm.
The mean diameter of myomas was calculated from the three
diameters: (d1+d2+d3)/3.

Medical preoperative treatment GnRH analogue triptorelin
or leuprorelin were prescribed for 2–3 months to patients
with myomas >3 cm, in order to reduce myoma volume, to
induce endometrial hypotrophy, and/or for patients suffering
from secondary anaemia.

Hysteroscopic removal When no preoperative medication
was prescribed, all patients underwent surgery in the early
proliferative phase of the cycle. Resectoscopic procedures
were performed using a rigid 8-mm (27 Fr) continous-flow

resectoscope for intrauterine high-frequency electrosurgery
with rotatable inner tube and a 12° fore-oblique telescope
(Karl Storz GmbH & Co., Germany). The uterine cavity
was distended and irrigated with a nonconductive, hypo-
osmolar solution of 2.7% sorbitol and 0.54% mannitol,
instilled under manometric control by a hysteroscopic
pump. The basic fluid setting was: intrauterine pressure
50 mmHg (never exceeding 120 mmHg during surgery), in-
flow 150 ml/min, aspiration pressure 0.2 bar. The lowest
pressure compatible with a clear vision was used during the
procedure by “tailoring” opening and closure of inflow and
outflow stopcocks.

The combined procedure consisted of a sequence of
three different operating steps. At first, traditional slicing of
the protruding intracavitary portion of the myoma is carried
out by repeated and progressive passages of the semicircu-
lar monopolar cutting electrotome, with pure cutting current
at 90 W. This action stopped at the level of the plane of the
endometrial surface so that the passage between the myoma
and the adjacent myometrium was clearly identified
(pseudocapule, i.e. cleavage plane). Secondly, cold enucle-
ation of the intramural portion of the myoma was achieved
by traction-and-leverage manoeuvres with rectangular and
hooked non-electrical “cold” loops. Once the intracavitary
portion was resected, the usual cutting loop was substituted
on the same resectoscope by a suitable blunt dissection cold
loop. By gentle traction on the myoma, the pseudocapsule
was clearly identified and the cold loops were then inserted
in this avascular space between the whitish and compact
surface of the myoma and the pinkish and smooth adjacent
myometrium. These loops were then progressively used in
a mechanical way by hooking and lacerating the connective
bridges joining the myoma to normal tissue (see video).
Finally, the removal of the enucleated intramural portion was
completed by progressive slicing, being now completely
dislocated and therefore safely treatable as a lesion with a
total intracavitary development and/or by using the rake cold
loop (MazzonNon-Electrical Loops, Karl Storz GmbH&Co.,
Germany) (Fig. 1). All resected specimens were sent for
histologic analysis.

Operating time was considered as the time between
initial insertion and final removal of the resectoscope. Fluid
deficit was calculated as the difference between the total
amount of instilled solution into the uterus and the amount
of fluid recovered from the suction bottle and the plastic
draping that funnelled escaping fluid through the cervix
into a calibrated pouch. According to the AAGL guidelines
[16], a strict fluid monitoring was assessed every 10–
15 min. In cases exceeding 60 min of intervention and/or a
fluid deficit >1,000 ml, intra-operative sonography was
used to decide if the remaining part of the lesion might be
removed in few additional minutes or if stopping the
procedure.
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A short-term preoperative antimicrobial prophylaxis with
cephalosporins was administered to all patients (cefazolin
1 g i.v.). All the surgical procedures were performed by one
senior hysteroscopist (F.P.G.L.) in a day-surgery regimen.
Within 2 months after the procedure, a SCSH was
scheduled to evaluate disease persistence and to exclude
uterine cavity lesions.

Intra-operative surgical outcomes were considered as
follows: operating time, fluid deficit, surgical complica-
tions and complete resection at first procedure. Fluid
deficit >1,500 ml, perioperative haemorrhage and uterine
perforation were considered as complications. Intrauterine
lesions (synechiae) at follow-up and surgical and/or medical
treatment for persisting uterine bleeding were considered as
unfavourable long-term outcomes.

A telephone or direct interview follow-up after 6 and
every 12 months was scheduled to assess menstrual pattern,
pregnancy occurrence and outcome. All patients had at least
a 1-year follow-up.

Analysis Demographic and baseline characteristics were
analyzed by parametric and nonparametric descriptive
statistics where appropriate. Continuous and dichotomous
variables before and after surgery were compared using t
test, nonparametric test and the Fisher’s exact test,
respectively.

The 75th percentile of mean myoma diameters was used
to define the categorical variable small/large myoma. A
multivariate logistic analysis was performed to identify
variables independently and significantly associated to
surgical outcomes. Similarly, a multiple regression analysis

was performed using myoma mean diameter and submucous
myoma grading as continuous variables. Probability values
less than 5% were considered significant. The time to event
(abnormal uterine bleeding) analysis for all the patients was
performed by the Kaplan–Meyer curve.

Findings

One hundred fifty-nine patients were recruited. Of these,
139 complained abnormal uterine bleeding, 6 were infertile
and 14 had both symptoms. Median age (interquartile
range) was 44 years (IR 35–48). Mean body mass index
(±SD) was 24±5 kg/m2. Mean parity (±SD) was 1±1. The
median mean myoma diameter was 2.1 cm (IR 1.6–3.0).
Seventy-seven patients had additional intramural and/or
subserous myomas and/or adenomyosis. Eighty-one
patients (51%) received preoperative medical treatment
with GnRH analogue.

One hundred sixty-nine resectoscopic procedures were
performed. Overall, 196 G1–G2 myomas were removed. In
the 20 patients with multiple submucous myomas, the worst
grading degree was considered for data analysis. Seventy-
three myomas were classified as G1 (46%) and 86 as G2
(54%). No women required perioperative blood transfusion.
The histological report confirmed the diagnosis of leiomyoma
in the vast majority of patients; only three cases of
adenomyoma were reported. In 20 patients (13%), concomi-
tant simple endometrial hyperplasia was reported.

The multivariate logistic regression analysis of surgical
results defined as perioperative outcomes (operating time

Fig. 1 a Myoma enucleation by
pointed hooked knife-shaped
loop (arrow), used to hook and
lacerate the connective bridges
which join the myoma to the
adjacent myometrium. b Myoma
enucleation by rectangular loop
(arrow), used to identify the
cleavage plane between the
myoma and myometrium.
c Myoma removal by rake loop
(arrow), used to remove the
residual deep portion of the
myoma once enucleated.
d Residual myometrial fovea
after myoma removal by
non-electrical loops
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>50 min—75th percentile, fluid deficit >500 ml—75th
percentile, incomplete resection, complications such as
haemorrhage and uterine perforations), and as long-term
outcomes (additional surgery and/or uterine cavity lesions),
showed that myoma mean diameter ≥3 cm (75th percentile)
was the only significant independent variable associated to
abnormal perioperative outcomes (Table 1). None of the
considered variables were significantly associated with
abnormal long-term surgical outcome. The mean (±SD)
myoma diameter of patients with perioperative unfavorable
outcome (at least one abnormal outcome parameter) was
3.3 cm (±1.0 cm), significantly different to the 2.2 cm
(±0.9 cm) myoma mean diameter of patients with favourable
outcome (p≤0.001).

In order to strengthen the above results, a multiple
regression analysis was performed. Myoma mean diameter
and submucous myoma grading were considered as continu-
ous variables in relation to both operating time and fluid
deficit. By a 1-cm increase of the myoma mean diameter, a
significant mean operating time increase of 9.6 min was
observed (p≤0.0001); conversely, a submucous myoma G2
required a not significant operative time increase of 4.4 min
compared to a G1 (p=0.25). Similarly, by a 1-cm increase of
the myoma mean diameter, a significant mean fluid deficit
increase of 190 ml was observed (p<0.001); conversely, a
G2 required a not significant fluid deficit increase of 100 ml
compared to a G1 (p=0.06).

Table 2 reports surgical outcome of the whole study group
and distinguished in details according to myoma grading and
mean diameter. The prevalence of myomas ≥3 cm (75th
percentile) was not significantly different between G1 and
G2 myomas (19% vs. 27%; p=n.s.). One case of uterine
perforation occurred by the non-electrical “cold” loop. In the
absence of unpredictable thermal damage, this lesion was
conservatively managed by transvaginal sonographic moni-
toring, sulprostone i.v. and prolonged antibiotic therapy.

We compared the first 50 consecutive procedures
(learning curve period) with the remaining 119. Perioperative

results in the learning period and at steady state were not
significantly different both for G1 and G2 myomas and for
myomas smaller and larger than 3 cm.

Ten patients (6%) were lost at follow-up.
Irregular bleeding persisted in 23/143 patients (16%),

successfully controlled with medical therapy in 13 cases.
Figure 2 shows the 7 years (75th percentile of follow-up) of
cumulative proportion of women with recurrence of
abnormal uterine bleeding. No significant differences were
found in the surgery-free survival curve considering
grading groups (G1 vs. G2) or myoma mean diameter
groups (<3 vs. ≥3.0 cm).

At a median follow-up period of 63 months (IR 36–85),
five patients required myomectomy and five hysterectomy
for persisting symptoms. Intrauterine adhesions occurred in
four of 156 patients (2.6%), which were successfully
removed by office hysteroscopy. One patient showed at
SCSH a myometrial defect due to electrical damage.

Nine of the 20 infertile patients conceived. Three
patients delivered vaginally at term; three patients delivered
by caesarean section for breech presentation, foetal macro-
somia and foetal distress during labour. One twin pregnancy
and one singleton complicated by pre-eclampsia were
delivered preterm by caesarean section. One patient had a
first trimester miscarriage.

Conclusions

In this prospective study of 159 premenopausal patients
with G1 and G2 submucous myomas, we report the
combined use of electrical (slicing) and non-electrical loops
(enucleation) to respect myometrial fibres functional anatomy
and to reduce intravasation and bleeding. We obtained
excellent surgical results with a high rate of single step
complete resection (88%) with minimal myometrial thermal
injury with a negligible number of synechiae (2.6%) and
myometrial lesions (0.6%). This compares well to the best

Table 1 Multivariate logistic regression analysis of perioperative and long-term surgical outcomes

Perioperative surgical outcomes (#159) Long-term surgical outcomes (#153)

Odds ratio 95% CI p>Chi2 Odds ratio 95% CI p>Chi2

Age (>35 years) 1.03 0.98–1.08 0.29 0.99 0.91–1.08 0.83

Myoma pre-surgical mean diameter (≥3.0 cm) 8.2 1.13–21.0 0.001 1.37 0.23–8.24 0.73

Grading (G2) 1.05 0.48–2.32 0.90 0.61 0.16–2.32 0.47

Number of submucous myomas (>#1) 2.4 0.86–6.85 0.09 3.98 0.79–20.0 0.09

Preoperative GnRH analogue (yes) 1.08 0.45–2.55 0.87 0.72 0.14–3.68 0.69

Coexisting uterine lesions (yes)a 0.96 0.46–2.0 0.90 0.32 0.08–1.3 0.11

GnRH gonadotropin-releasing hormone
a Intramural myomas, adenomyosis and endometrial hyperplasia
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reported results (1–12%) and to unpublished data by Mazzon
[3, 11, 17].

In particular, the complete removal for G1 and G2
submucous myomas was 92% and 85%, respectively, not
significantly different. This result was in line with the best
results of previous studies reporting a complete removal by
traditional monopolar slicing of 73–93% for G1 and 50–85%
for G2, respectively [4, 6, 7, 18–21].

By means of cold loops traction-and-leverage technique
itself, combined with a basic low intrauterine pressure

setting (50 mmHg), complete resections were more easily
achieved also in large myomas, with a limited number of
complications. In fact, the maintenance of the integrity of
myometrial fibres, particularly the function of archimetrial
layer [22], and of myoma pseudocapsule permitted to avoid
deep and larger myometrial vessels damage and to obtain
adequate haemostatic myometrial contractions. This reduced
the risk of fluid overload, achieving a median fluid deficit
significantly lower than in previous studies [5, 7] and similar
to those reported more recently [21] which might have
adopted similar low intrauterine fluid pressure.

The need of repetitive changing of electrical and non-
electrical “cold” loops during the same procedure might
appear to be time-consuming. However, as well as in
Formula 1 races, where the changing of tires at pit stop
improves the car’s performance, by this technique, the
complete dislocation of the intramural portion of the
myoma into the uterine cavity leads to a faster and safer
complete removal.

To our surprise, myoma grading was not significantly
associated with any of the adverse perioperative and long-
term outcome. Beyond fluid deficit, which was nearly
similar in G1 and G2, all other surgical outcomes were not
affected by grading in this cohort in which myomas were
enucleated by cold loops and not by electrosurgical slicing.
The 75th percentile of myoma mean diameter of this cohort
was 3 cm. This occurred to be equal to the dimension cut-
off value adopted by previous authors to differentiate small
and large myomas [6, 21, 23]. This myoma mean diameter
proved to be the only independent significant determinant
correlated to perioperative surgical outcomes (operating
time >50 min, fluid deficit ≥500 ml, surgical complications
and incomplete resection at first procedure). These relevant
data were strictly confirmed by the multiple regression
analysis. Long-term outcomes (persisting symptoms and
additional surgery for persisting symptoms) were not
significantly different neither for the severity of grading

Table 2 Surgical outcomes of the whole study group (159 patients) and related to submucous myomas grading (G) and to myoma mean diameter (d)

Study group G1 G2 p d<3.0 cm d≥3.0 cm p

Patients, no. 159 73 86 – 119 40 –

Procedures, no. 169 76 93 – 123 46 –

Operating time (min) (median–IR) 35 (20–50) 30 (20–50) 45 (25–50) 0.19 30 (20–50) 50 (37–85) 0.0001

Fluid deficit (ml) (median–IR) 150 (90–500) 120 (70–400) 200 (100–570) 0.06 100 (80–300) 400 (225–700) 0.0001

Complications, no. (%) 10 (6) 3 (4)a 7 (8)b 0.3 4 (3)c 6 (15)d 0.008

Complete resection at first procedure, no. (%) 140 (88) 67 (92) 73 (85) 0.18 116 (96) 24 (60) 0.0001

IR interquartile range, G1 grade 1, G2 grade 2
a Two fluid deficit >1,500 ml, one perioperative haemorrhage
b Three perioperative haemorrhage, one uterine perforation, three fluid deficit >1,500 ml
c Two fluid deficit >1,500 ml, one uterine perforation, one perioperative haemorrhage
d Three perioperative haemorrhage, three fluid deficit >1,500 ml

months

Fig. 2 Kaplan–Mayer curve of overall surgery-free survival. The
percentage of patients free of surgery at 3 years was 97% (95% CI,
94–99.9), 94% (95% CI, 90–98) at 5 years and 87% (95% CI, 83–91)
at 7 years
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nor for the myoma mean diameter and were comparable to
those previously reported with a 7-year surgery-free rate of
87% [18, 24].

Operation time, fluid decifit and complete resection at
first procedure were highly significantly correlated to
myoma dimension >3 cm. The importance of myomas size
underlines the debatable role of pre-surgical medical
treatment with the aim to reduce large submucous myomas
[25, 26]. GnRH analogues are significantly more efficacious
on submucous when compared to the effect on intramural or
subserosal myomas [27]. However, its use in this series was
not significant (Table 1), probably due to the higher technical
difficulties arising in the removal of the myoma from the
pseudocapsule.

Perioperative complications (fluid deficit >1,500 ml,
uterine perforation and perioperative haemorrhage) occurred
in ten cases (6%). These data were comparable to reported
rates in series considering advanced hysteroscopic proce-
dures, i.e. involving the myometrium [3, 19, 20].

The only uterine perforation occurred in a case with a
coexisting intramural myoma adjacent to the submucous
which prevented myometrial progressive thickening during
enucleation as observed at sonography by Yang [28] and
Casadio [29]. This perforation occurred by using cold loops
avoiding further thermal damage on surrounding organs.

The negligible number of synechiae (2.6%) and myo-
metrial lesions (0.6%) are strictly correlated with the
surgical technique, clearly demonstrating that no thermal
damage by monopolar current into the myometrium is an
important factor for the adhesion formation, significantly
lower than the reported variable incidence of 7.5–45.5%
[11, 17, 30]. These results, added to the high rate of G2 and
>3 cm submucous myomas one-step complete resection
(85% and 60%, respectively) and the low rate of intra-
operative complications, clearly evidenced the proven
practical advantages derived by the use of this combined
electrical and non-electrical “cold” technique. Obstetric
outcomes in infertile patients were satisfactory, with a
pregnancy rate of 45%, similar to previously published data
(36–45%) [31, 32].

Surgeon skills might be a remarkable bias in this series,
being all procedures performed by an experienced hyster-
oscopist [3, 13, 23]. However, the learning curve analysis by
comparing the first 50 procedures with the following did not
detect any significant worse outcomes in the learning phase.

Although the study group was limited for the evaluation
of short- and long-term complications, the population was
very well defined and the surgical conditions were also well
standardized (one technique, one operator and one centre).

In conclusion, hysteroscopic myomectomy by cold loops
revealed to be an effective (low complication rate and high
single-step complete resection) and efficient (day-surgery
procedure and low long-term failure rate) surgical approach

to the removal of submucous myoma with intramural
development. Furthermore, by using this technique, myoma
mean diameter proved to be the only prognostic factor of
perioperative outcomes.
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