
Abstract. Power morcellation remains one of the most
significant developments in minimal access surgery over the
past decade, allowing many more patients to benefit from the
least invasive surgical route. However, its use is not without
controversy, particularly with regards to the risks of an
undiagnosed leiomyosarcoma. Increased media and, in
particular, on-going social media coverage since events in 2014
have only served to intensify the debate, culminating in the
Food and Drug Administration essentially ‘banning’ its use in
the USA. Practice however continues to vary and this technique
remains widely used in Europe and in particular the UK. The
aim of this article was to review the development of power
morcellation in gynaecology and the underlying risks, including
that of undiagnosed leiomyosarcoma, as well as appraise the
evolving literature on patient awareness and informed consent
and the wider implications of morcellation restriction.

Power morcellation has contributed to the advancement of
minimally invasive surgery (MIS), which in turn has improved
outcomes in gynaecological surgery. Unfortunately, the
introduction of new technologies does not always go hand-in-
hand with a rigorous evidence base and since 2014, there has
been much heated debate and controversy surrounding

morcellation. The aim of this article was to review the
evolution of power morcellation in the management of
fibroids and the risks of undiagnosed leiomyosarcoma (LMS),
as well as the evolving literature on patient awareness and
informed consent, the impact of social media, and the wider
implications of morcellation restriction.

The Evolution of Minimal Access 
Surgery and Morcellation

Since the original publications by Semm in the 1980s,
laparoscopic myomectomy has evolved significantly and the
decades have seen changes in the debates (1). In the 1990s,
the primary considerations were which fibroids could and
should be removed laparoscopically (2), but in the new
millennium the size, number or location were less significant
with numerous publications of series removing multiple
fibroids up to 20 cm in size (3, 4). 

The same evolutionary process occurred with laparoscopic
hysterectomy since the first reported in 1989 (5). The
eVALuate study highlighted that there were better outcomes
with laparoscopic compared to open hysterectomy, but with
a higher complication rate (6). This high complication rate
was subsequently thought to be due to the relative
laparoscopic inexperience of the 43 surgeons in the trial and
the quality of equipment at the time (7). Other authors have
since demonstrated that laparoscopic hysterectomy has a
very low complication rate (8). The boundaries for both total
and supracervical hysterectomy were advanced, supported by
good safety data and positive long-term outcomes (9) and
increasingly large uteri were removed laparoscopically using
modified techniques (10-12).

The increasing complexity of these procedures have in
part been enabled by the ‘power morcellator’. Since the first
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mechanical morcellator was described by Semm (13) and the
electrical morcellator was introduced in 1993, with
subsequent approval by the U. S. Food and Drug
Administration (FDA) in 1995; many other devices have
since been brought to market and described in the literature
(14). Initially all seemed well with power morcellation,
however, it was noted that due to the cylindrical nature of
the instrument with its rapidly rotating tip, there was an
increased spread of the morcellated tissue pieces within the
abdominal cavity and the potential risk of inadvertent spread
of malignancy. Thus, as with the initial concerns regarding
increased complications resulting from laparoscopic surgery
in the early 1990s, would the power morcellator prove to be
the Achilles heel in the further advancement of MIS? (15).

In 2014, Milad and Milad published a systemic review of
morcellator complications and found only 55 had been
reported over a 15-year period and were mainly related to
surgical experience (16). The majority of complications were
identified through the FDA database and not from published
literature, highlighting possible under-reporting and
publication bias. Although the report highlighted the
mechanical trauma complications, it did not address the
issues of the spread of benign diseases (iatrogenically
disseminated leiomyomatosis, parasitic leiomyomas and
iatrogenic adenomyosis) or the potential spread of
‘inadvertently’ present cancer such as sarcoma or LMS.

Disseminated leiomyomatosis is a rare disease first
described in 1965 (17), with initial cases reported well
before the advent of morcellation. In recent times, some
cases have been reported following power morcellation with
cellular structures being the same within the morcellated
myoma and the peritoneal leiomyomatosis, highlighting the
need for vigilance (18).

Parasitic fibroids have been reported since the early 1900s
and it was initially hypothesised they resulted from the
detachment of a pedunculated uterine fibroid and subsequent
re-attachment and development of an independent blood
supply (19). This previously rarely seen fibroid type became
increasingly commonly found with the growing use of
morcellation, with Ostrzenski reporting the first case following
laparoscopic myomectomy in 1997 (20). This has been
followed by numerous case reports and the incidence of
parasitic myomas varies between prospectively and
retrospectively collected data. A systemic review on behalf of
the European Society of Gynaecological Endoscopy concluded
the incidence of parasitic myoma following either
hysterectomy or myomectomy to be 0.12-0.95%, and 0.2-
1.25% after laparoscopic myomectomy (21). It has been
hypothesised that iatrogenic fibroids after morcellation result
from small fragments being inadvertently or otherwise left
behind post procedure (22, 23). In a prospective study of 505
women undergoing an laparoscopic myomectomy, the
incidence of parasitic myoma was found to be lower at 0.2%

(3). Donnez et al., who prospectively followed-up women for
17-years following laparoscopic supracervical hysterectomy,
found an incidence of iatrogenic adenomyosis of 0.56% (8).

Leiomyosarcoma and the Evidence

Uterine sarcomas constitute 2-7% of uterine tumours, of
which LMS are the commonest type. The overall incidence
remains low, however they are twice as common in Black
women. The prognosis for the majority of women who have
LMS is poor and dependent on tumour type and stage of
disease (24, 25). With the use of power morcellation, there
is a real risk of up-staging LMS (26), and reducing the
survival rate when compared to women who undergo
hysterectomy without morcellation (27). Another problem
associated with power morcellation is the difficulty or delay
in diagnosis of specimens when compared to those obtained
intact by pathologists (28, 29).

In 2013 Jennifer Levitz reported in the Wall Street Journal
the case of Amy Reed, an anaesthetist who underwent
hysterectomy for fibroids and was ‘inadvertently’ found to have
an LMS post-procedure, which was up-staged as a result of the
use of power morcellation (30). This incident was followed by
the development of multiple pressure and lobby groups,
including a campaign by Reed’s husband Hooman
Noorchashm, and strong media involvement. The FDA, in
2014, subsequently issued a statement quantifying the risk of
sarcoma in women who underwent hysterectomy/myomectomy
at 1:352 and the risk of LMS at 1:498 (31). The FDA then
advised that power morcellation was contraindicated in
peri/post- menopausal women, essentially banning the product
from use (32). There were many criticisms of the FDA’s
actions and the social implications and methodological flaws
were summarised by Rosenbaum in the New England Medical
Journal (33). The FDA erroneously lowered the denominator
thus increasing the apparent risk and the quality of the mostly
retrospective data was poor. 

There was also the issue of the FDA focusing more on
harm for the women who used the device, rather than the
harm that could come to women who were deprived of its
use, as open surgery carries more frequent higher risks than
the rarer risk of an inadvertent LMS diagnosis following
power morcellation. This was explored in a hypothetical
model by Seidhoff and colleagues (34). They concluded that
though there were more deaths after an LMS diagnosis
following morcellation when compared to no morcellation,
there were even more deaths when women underwent
conventional open hysterectomy. The laparoscopic group
also had lower risks of infection, thrombosis, blood
transfusion, and incisional hernia. 

How the emotive social debate influenced the FDA is
unknown, but no matter how low the risks of using power
morcellation are, for any family affected by LMS, the risk is
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understandably too high if it results in the loss of a loved one.
But, on balance, if devices are to be withdrawn from use, the
risks and benefits need to be weighed up so that informed
decisions can be made by both patient and clinicians. 

On the issue of denominators used for determining risk,
Pritts and colleagues in a meta-analysis of 133 studies
determined the risk of LMS to be one per 2,000 procedures
and when the meta-analysis was restricted to prospective
studies the risk devised to one in 8,300 surgeries for uterine
fibroids (35). When Pritts applied their statistical analysis to
the results from the FDA, the risk was 8% lower, further
emphasising the flaw in the methodology of the FDA report. 

Three years following its initial statement, the FDA
revised its analysis to 1:225-1:580 occult cancers in women
after myomectomy/hysterectomy and 1:495-1:1,100 for those
after LMS. The US Department of Health and Human
Services updated the evidence provided by the Pritts study
using the same methodology and found the prevalence rate
of LMS to be 1:1,429; when only studies with reliable data
were analysed with proven histology. the rate of LMS was
less than one in 4,000 surgeries (36). 

Since the FDA statements and guidance from British and
European gynaecological societies and government agencies
who advocate the continued use of morcellators (37-40), the
social debate has been polarised into two main groups:
I: Those who lobby to completely ban the morcellator on the
basis that there is no evidence to enable women to make
informed consent. 
II: Those trying to make a case for its continued use thus
striving to improve the evidence base by:
a. Deciphering the true denominator and the true risk of
LMS.
b. Evaluating the true impact of non-use of power
morcellators.
c. Searching for alternatives to power morcellation.

The Impact on Minimal Access Surgery 
Since ‘Banning’ of Morcellation

In the USA since the ‘banning’ of power morcellation, there
has been a decline in the number of minimal access
procedures, with an increase in open surgery without an
increase in complication rates at some institutions at the
hands of well-trained gynaecologists (34). However, a
subsequent study did demonstrate a decline in MIS and an
increase in major non-transfusion complications and re-
admission rates (41). 

The True Incidence of Occult Cancer

Large retrospective studies are now available looking into
the risk of undiagnosed cancer in women who undergo
surgery for presumed benign fibroids. Wright et al., in a

retrospective analysis of women who underwent
myomectomy from 496 centres in the USA, identified
uterine cancer in one out of 528 women who underwent
myomectomy without power morcellation and in one out of
1,073 who underwent power morcellation. The rate of any
pathological finding of any cancer was 0.67% (42). 

Skorstad and colleagues, in a national Norwegian
retrospective study, reported the incidence of LMS at 0.86 in
100,000 women and 0.3% of women who had a hysterectomy
(43). Another national study from the Netherlands found the
overall incidence of LMS to be 0.25% or one in 1,400 women.
The incidence of unexpected LMS was 0.12% or 1:865 (44).
In a recent American population-based study of women
undergoing hysterectomy, the incidence of unsuspected
sarcoma was 0.13%, whilst the incidence of undiagnosed
sarcoma in women with fibroids was 0.35% for
premenopausal women and 0.57% in post-menopausal
women. The overall incidence of LMS was low, however, the
incidence increased with increasing uterine weight: 0.03%
among women with a uterine weight <250 g versus 15.4% in
those with with a uterine weight ≥2,000 g (45). 

The Social Media: The Lobby Groups

With the proliferation of social media platforms, medical
practitioners, patients and the general public have access to
published literature and topical issues affecting health care
and its provision. This is coupled with tragic personal stories
that can influence public opinion. One recent example is an
emotive open letter written by Noorchashm to the UK Royal
College of Obstetricians and Gynaecologists (RCOG),
addressing the RCOG’s draft patient information leaflet and
the current use of morcellation in the UK, stating that
informing patients of risks is not “informed consent”, but
may in fact be negligence (46). Whist any iatrogenic
misfortune is unacceptable and every complication worth
thorough investigation, it is sometimes difficult to
disentangle fact from personal opinion and evidence-based
medicine, as may be the case with LMS. 

Patient Knowledge and Awareness

Current evidence of patient awareness, is provided in a
survey of the American Association of Gynecologic
Laparoscopists (AAGL) Advancing Minimally Invasive
Gynecologic Surgery Worldwide and the American College
of Obstetrician and Gynecologists Collaborative Ambulatory
Research Network members, where 74.6% of practitioners
believed that fewer than 50% of patients were aware of the
FDA statement regarding morcellation (47).

Mowers et al. investigated the knowledge and perception
of patients on the issue of morcellation (48). In an
anonymous survey of 500 patients (80% Caucasian) with a
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response rate of 79%, only 8.3% of patients had heard of
morcellation. Narrowing this down to those who were about
to, or already had undergone a hysterectomy/myomectomy,
awareness only increased to 12% for hysterectomy and was
only 7% for myomectomy. Of the women asked, only 4%
would choose open surgery over the minimal access
approach even when aware of the risks of morcellation. Both
studies demonstrate a relative lack of patient awareness of
morcellation and the need for patient education.

Reactions from Practising Gynaecologists

How gynaecologists have reacted to the FDA statement varies
from country to country. In the USA, where the impact of the
statement was felt most, Desai performed an online survey of
AAGL faculty members and although the response rate was
only 29%, 61% had not encountered a patient with LMS in
their practice, but the majority had been using open
procedures since the statement (49). Nezhat et al., in an
internet survey of members of the society of laparo-
endoscopic surgeons, found that 76% of participants
performed laparotomy in fewer than 25% of their cases with
most still favouring MIS techniques. However, those who
believed that morcellation would upstage LMS if found, were
more likely to use open procedures since the statement (50).
In contrast, a recent survey of UK gynaecologists showed that
on reviewing the evidence, they would continue to use power
morcellation (51). In an Italian study, the respondents were
more concerned about the medico-legal implications rather
than the real risks of up-staging LMS (52).

Improving the Diagnosis

Historically LMS was thought to be exceptionally rare,
restricted to women over 50 years of age, and more likely in
those with a rapidly enlarging uterus. However, in 1994,
Parker and colleagues investigated a cohort of 1,332 women
and found a low incidence of LMS, which was particularly
low in those who had rapidly enlarging uteri (53). This
finding was also corroborated by Nagai et al., who
concluded that women with benign disease were more likely
to have rapid enlargement than those with sarcoma (54).
Conversely in pre-menopausal women, fibroids that do not
decrease in size after fibroid embolisation or with the use of
gonadotropin-releasing hormone analogues should arouse
suspicion of LMS and warrant further investigation (55). The
triage of patients based on risk factors combined with
investigation may help in the pre-operative assessment. 

History. The risk of LMS is higher in Black women
(1:25,000 vs. 1:1400) (56). Age is also a risk factor, with the
majority of cases of LMS occurring over the age of 60 years.
Table I summarises potential risk factors. 

Investigation. There are emerging investigations that might
increase pre-operative diagnosis, however, limitations stem from
the rarity of LMS. Blood tests, such as cancer antigen 125
(CA125) and lactose dehydrogenase (LDH), have been
assessed, but have a poor positive predictive value (PPV). Using
ultrasound alone, Bean and colleagues found that the sensitivity
and specificity for diagnosis of uterine sarcoma was 85.7% and
99.5%, respectively (57). Endometrial biopsy has a predictive
value of 64-86% depending on infiltration of the endometrial
cavity (58). Newer techniques such as diffusion-weighted
imaging MRI are promising, being able to differentiate between
benign and malignant myomas in 92.4% of cases (59). 

Gotto and colleagues compared a combination of LDH,
conventional MRI and MRI with contrast and found
specificity, PPV, negative predictive value (NPV), and
diagnostic accuracy were 93.1%, 52.6%, 100% and 93.1%
with MRI alone; 93.8%, 83.3%, 100% and 95.2% with
dynamic MRI alone; and 100%, 100%, 100%, 100% with
combined use of LDH and MRI, respectively (60). 

Nagai and colleagues retrospectively analysed blood tests,
imaging studies, and the history of 63 women who were
thought to have uterine sarcomas and proposed the
Preoperative Sarcoma Score (PRESS), which consists of 7
points: 1 for positive magnetic resonance imaging (MRI)
findings and 2 points each for LDH over 279, age over 49
years and positive cytological findings. When the PRESS
was interpreted as positive (≥3 points), the diagnostic
accuracy, PPV, NPV, sensitivity and specificity were 84.1%,
63.2%, 93.2%, 0.800 and 0.854, respectively (54). Although
a step in the right direction, 75% of patients in this study
underwent ‘unnecessary’ surgery.

As with other cancer types, some advocate the use of
preoperative tumour biopsy. Kawamura et al. assessed the
safety and outcome of biopsies following abnormal MRI in
435 women and found sensitivity, specificity, PPV and NPV
of 100%, 98.6%, 58%, and 100.0% respectively (61).
Compared to other solid tumour types, the uptake of biopsies
for uterine sarcomas is also not popular due to the possibility
of spillage of sarcoma cells.

As described above LMS can be challenging to diagnose
pre-operatively and a collective approach encompassing
features in the patient’s history as well as further
investigations are advised (62). This will aid informed
patient consent and identify those in whom the minimal
access approach may be best avoided. A proposed pre-
operative pathway is described in Figure 1. 

Alternatives to Power Morcellation

Mechanical vs. power morcellation. Initial studies did not
appear to show any outcome differences between mechanical
and power morcellation in the dissemination of LMS,
primarily because the type of morcellation was not always

in vivo 33: 1393-1401 (2019)

1396



known (63, 64). In a more recent review of 715 women, the
5-year survival was 30% with power morcellation and 59%
with manual morcellation, which was similar to the 60%
where no morcellation was used. The comparison however
did not reach clinical significance (65). 

Posterior colpotomy. Posterior colpotomy has long been
used for the retrieval of specimens vaginally. Bogani et al.
compared 100 women who had laparoscopic myomectomy
and found no difference in operating time or complications
when vaginal extraction was compared with power
morcellation (66), which was similar to the findings of Ghezi
and colleagues (67). It could be argued, however, that with
the advancement of MIS techniques, most women would not
be suitable as they have larger and more numerous fibroids
than those in the afore-mentioned studies (68). 

In-bag morcellation. The most popular proposed alternative
is in-bag morcellation. Vargas et al. compared outcomes of
women who underwent open versus contained morcellation
and the only difference was an increase in operating time
(69). Some argue that myometrial spillage occurs during the
process of myomectomy and that spillage of myometrial
cells has been noted even after open myomectomy (70).
Others suggest that thorough irrigation after the use of power
morcellation will negate the need to use a bag (71) and even
when bags are used, myometrial cells can still be found
within the abdomen (72). Using the Health Failure Mode and
Effects Analysis, potential weaknesses of the in-bag
morcellation technique has been demonstrated, particularly
with respect to the potential hazardous steps with
morcellation, and these need to be rectified before it can be
recommended for daily use outside clinical trials (73). 

Conclusion

Our review supports the fact that although LMS is rare and
the FDA figures may have exaggerated the problem, LMS

may well be more common than previously thought and
vigilance is crucial. Morcellation, not only up-stages LMS,
but may also be responsible for parasitic fibroids and
leiomyomatosis, which can be prevented by meticulous
surgical techniques and potentially using contained
morcellation. Even if a bag is used, the key should be
copious irrigation to wash out any possible seeding and the
routine use of contained morcellation needs further studies
before widespread recommendation. 

Since the onset of the debate, all efforts have been focused
on collecting data on the prevalence and incidence of LMS
following hysterectomy/myomectomy as if to maintain the
status quo. Although the burden of fibroids on the individual
woman and society is known, there are no good long-term
outcome studies relating to the management of uterine
fibroids including the issue of LMS. For other types of
gynaecological cancer, although not as rare, when organised
and centralised, there have been improvements in care and
outcomes. Is a reason for the ‘non-organisation’ of fibroid
and LMS management part of wider ethnic inequalities in
healthcare provision as has already been highlighted in a
number of published articles? (74). This view was
summaried by Wingo in a recent editorial aptly titled “Black
Uteri Matter”, where one of the reasons for disparity was
patient education and awareness (75). Though disparity is
unlikely to be the whole story, care needs to be taken that
this is not just another issue to be added to concerns on
inequalities of healthcare provision for ethnic minorities. 

Our review suggests that although most guidance from
gynaecological societies following the FDA morcellation
statement suggests provision of patient information leaflets
and informed consent, these are not based on prospective
evidence and there are no overt moves to improve patient
education. In order to provide detailed evidence, prospective
databasing for all fibroid treatment options, within the
confines of robust data protection, may be the solution. In
the USA, there is the COMPARE-UF database and in
Canada the CAPTURE study (76, 77), and although a
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Table I. Risk factors for leiomyosarcoma.

Risk factor                                                                                   Comment

Black race vs. non-Black                                                           Incidence: 1:1400 vs. 1:2500
Post menopausal status                                                               
Age                                                                                               Mean age at diagnosis: 60 years
                                                                                                     Lowest risk in women <35 years; highest risk in women >65 years
History of retinoblastoma                                                           Higher risk of sarcoma in general
Pelvic irradiation                                                                         
History of tamoxifen use                                                            Use for more than 5 years
Hereditary leiomyomatosis                                                         
Renal cell cancer syndrome                                                       



starting point, these databases do not address the issue of
morcellation and LMS directly.

One approach to addressing this in order to improve the
overall management of women with fibroids would be to
ensure all healthcare providers mandatorily have databases to
monitor outcomes of women who undergo any intervention for
fibroids, as well as contributing to centralised LMS databases. 

Information based on prospectively collected data will not
only empower women to make decisions based on real-life
data, it will also allow healthcare providers to provide
information leaflets based on evidence rather than continuing
to hypothesise. As informed consent should not be merely to
protect doctors from litigation, but also for the improvement
of the welfare of all patients who need up-to-date
management of their fibroids.
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Figure 1. Proposed fibroid management pathway. LDH: Lactose dehydrogenase; MDT: multidisciplinary team; MRI: magnetic resonance imaging.
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