
Abstract. Background: Leiomyomas are common in women
of reproductive age, for whom treatment-stratification can be
challenging. We assessed factors influencing pre-operative
selection of surgical intervention and compare outcomes.
Patients and Methods: A literature review was performed and
surgical interventions for fibroids at a London hospital (2015-
2018) were retrospectively examined. Outcomes assessed were
estimated blood loss, length of stay (LOS) and complications.
Data were analysed using univariate non-parametric
inferential statistics. Results: A total of 258 cases were
identified. Estimated blood loss was statistically significantly
lower for laparoscopic versus open myomectomy [200
(interquartile range; IQR)=100-200 vs. 400 (IQR=200-700
ml), p<0.001]. Length of stay was also statistically
significantly lower in the laparoscopic cohort compared with
open hysterectomy [1 (IQR=1-1) days vs. 2 (IQR=2-3 days)].
Similar results were noted when comparing laparoscopic
versus open hysterectomy [167 (IQR=100-200) vs. 500
(IQR=100-750) ml, p<0.001]. No differences in complications
were reported across groups. Patients counselled by a surgeon
trained in minimally invasive surgery (MIS) opted more
frequently for laparoscopy (p<0.01, rho=−0.669). Estimated
blood loss during MIS was 225 ml versus 545 ml for non-MIS,
and 285 ml for the overall cohort (p<0.01).The length of stay
was statistically significantly lower for those treated with MIS
(1.37 days) versus other surgeons (2.65 days), or overall
cohort (1.63 days) (p<0.01 for all associations). Conclusion:

Laparoscopic surgery offers superior short-term outcomes
when performed by experienced operators. Multidisciplinary
counselling and treatment stratification should be gold-
standard practice. Centralisation of care provision in fibroid
Centres of Excellence is required.

Uterine fibroids are the most common solid benign tumours in
women of reproductive age affecting over 70% of women by
menopausal age (1). Associated symptoms such as menorrhagia,
dysmenorrhea, pressure effects and subfertility can have an
impact quality of life. One third of women with fibroids request
treatment for symptom management (2), however, many of
them are dissatisfied with the information received during
counselling and are often unaware of the short- and long-term
outcomes at the units where they receive treatment. Besides the
financial and emotional burden to the individual who suffers
from the effects of fibroids (3), there is also a societal burden.
In the UK, surgical management of fibroids carries a significant
financial burden to the United Kingdom National Health
Service (NHS). Recent costs for the NHS tariff were estimated
at £2,400 for uterine artery embolization, £2,609 for
myomectomy and £3,275 for hysterectomy. Of the 31,624
hysterectomies performed in England in 2017 and 2018, 60%
(18,974) were for fibroids, and the total in-patient cost was
estimated at £103,568,600. It is also estimated that 1,600
myomectomies are performed in the UK each year (4). In the
United States of America, the annual cost of uterine fibroid
treatment is estimated at between $5.9 and 34.4 billion (5). 
Despite acknowledgement of the burden of uterine fibroids

and the fact that most women who require interventions for
fibroids will have surgery, there are few high-quality data to
formulate evidence-based guidelines (6) and thus decision
making in such cases can be challenging and is not always
based on published evidence. There is, however, an overall
consensus from emerging studies to suggest that minimal
access surgery offers benefits over traditional open surgery
for myomectomy (7), and hysterectomy (8). 
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Technical challenges associated with fibroid surgery have
been extensively discussed in the literature (9). Limiting
surgical complications is essential for improving patient safety
and patient experience and also reducing cost for healthcare
systems. This dictates an emerging need for women to be
managed in centres where all treatment options are available
with data supporting clinical outcomes, enabling informed
consent. This view is clearly outlined by the All-Party
Parliamentary Group on Women’s Health in “Informed choice?
Giving women control of their healthcare“ (10). The document
suggests an agreed best practice pathway which ensures that
the right women receive the correct information and treatment.
Previous large database studies have investigated
characteristics of patients who undergo interventions for uterine
fibroids and noted differences in characteristics based on race
and age (11). In light of recent issues with morcellation, units
have been encouraged to publish data on outcomes of
management of uterine fibroids (12), albeit only for
laparoscopic interventions, and to date most publications have
not focused on all surgical interventions for fibroids.
We thus performed a structured mini-review of the

literature to assess existing evidence. We then reviewed all
of the surgical interventions for fibroids offered locally in a
busy East London teaching hospital. We aimed to assess
factors that influence selection of surgical intervention; this
included demographics of our local population, symptoms at
presentation, operator experience and pre-operative clinical
assessment and imaging. We also aimed to compare intra-
operative and short term post-operative outcomes across the
different groups of surgical interventions.

Patients and Methods
Structured mini-review of the literature. Initially we performed a
structured mini-review of the literature on MEDLINE. We aimed to
identify all the studies which included women who underwent
surgical interventions for fibroids and which reported any short- or
long-term outcomes following surgery, from January 2010 to
September 2019. We focused on those studies that reported
comparative outcomes between Minimally Invasive versus open
Surgery and specified expertise of surgeon performing the operation.
The search strategy is outlined: “FIBROID*” AND (myomectomy
OR “hysterectomy” OR “hysteroscopic myomectomy” OR
“transcervical resection of FIBROID*” OR “open myomectomy” OR
“laparoscopic myomectomy” OR “open hysterectomy” OR
“laparoscopic hysterectomy”) filtered from 1/1/2010 to September
2019; no language restriction was applied. The conclusions of the
studies which fit the above criteria, and deemed as influential, were
taken into consideration as comparative evidence. 

Hospital data. We designed a retrospective study protocol based on
Population, Intervention, Comparisons and Outcomes (PICO). We
included all women who underwent myomectomy (open and
laparoscopic), Transcervical resection of fibroid (TCRF) or
hysterectomy for fibroids between March 2015 and November 2018.
All cases were identified retrospectively from the electronic patient

records. Surgical intervention was discussed and decided based upon
the severity and nature of clinical symptoms, ultrasound/magnetic
resonance imaging findings where applicable, operator experience,
and patients’ wishes. All cases were managed according to the
national as well as the local guidelines for gold standard practice.
Following a relevant Food and Drug Administration warning, all
women were offered patient information leaflets and consent forms
specifically for morcellation. Despite acknowledgement of the risks
women still opted to undergo minimal access procedures. 

Data extraction. Data were extracted retrospectively in pre-designed
spreadsheets. This included operating surgeon’s details,
demographics [age, parity, body mass index (BMI) and ethnicity],
presenting symptoms, clinical assessment and pre-operative imaging
including ultrasound parameters (size/location of largest fibroid and
number of fibroids), or magnetic resonance imaging. Data were also
collected on alternative medical treatments that had been offered
prior to surgery. Operating surgeon’s details were collected from the
electronic patient records.

With regards to intra-operative findings, we collected data on the
size and location of the largest fibroid, presence of endometriosis
and whether the cavity was breached. Data on histopathology were
also collected post-operatively.

The estimated blood loss including drop in the haemoglobin (Hb)
level, duration of the surgical procedure, any reported complications,
length of stay and need for re-admission were defined as outcomes.

All data were collected by three independent authors (SS/SR,
SS/ZM)

Data analysis. Inferential univariate non-parametric statistics were
used to describe our data; analysis was performed on IBM SPSS for
Macintosh (Version 25.0; IBM Corp., Armonk, NY, USA).
Normality of data distributions was assessed with Shapiro–Wilks
test. Based on the nature of the data, associations were explored
using Spearman’s rho and medians were compared using Kruskal–
Wallis and Mann–Whitney tests.

Ethics approval. Ethical approval for the study was sought from the
local research unit, however, as it was an audit of quality of care
provision, formal ethics approval was not deemed necessary.

Results

Literature review. Our search yielded 1,176 titles; nine of
these were applicable to our study. From those studies, three
were performed at tertiary centres (13-15), and six at
unspecified or local settings (7, 16-20). Six studies supported
MIS as gold standard modality which offers better short- and
long-term outcomes post-surgery (7, 13, 15-18). Two studies
supported centralised care as the way forward to improve
fibroid surgery outcomes, minimise cost and improve safety
(15, 18). Those studies were taken into consideration when
formulating conclusions in the discussion section.

Hospital data. A total of 258 cases were identified; the median
age was 42 years [interquartile range (IQR)=37-46 years] and
the median body mass index was 28 (IQR=24-32) kg/m2.
Almost half of women who were operated on were Afro-
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Caribbean in origin (109; 44.7%). Table I summarises patient
demographics, symptoms at presentation, and pre-operative
ultrasound reports. Fifty-eight women were offered and opted
for open myomectomy (22.5%), 93 for laparoscopic
myomectomy (36%), five for open total abdominal
hysterectomy (1.9%), 29 for total laparoscopic hysterectomy
(11.2%) and 30 for laparoscopic subtotal hysterectomy
(11.6%). Overall, 59/64 (92.1%) of the women who underwent
hysterectomy had a laparoscopic procedure. Forty-three
women had a TCRF (16.7%).

Procedure-specific demographics, intraoperative findings,
perioperative and post-operative outcomes. Women who opted
for hysterectomy were on average older than those who
underwent myomectomy [50 (IQR=46-51) vs. 37 (IQR=32-
41) years; p<0.001)]; the laparoscopic myomectomy cohort
were the youngest women [37 (IQR=32-41) years]. Body
mass index was similar across the different procedure groups
(p>0.05) (Table II). 
Of the women who underwent myomectomy, 58/151

(61.5%) had a laparoscopic procedure. The median number,
weight and size of the largest fibroid was 6 (IQR=1.75-
13.75), 1035 g (IQR=580-1436 g) and 10 cm (IQR=8-15 em)
respectively for open myomectomy versus 3 (IQR=1-5.5),
126 g (IQR=50-295 g) and 14 cm (IQR=12-16 cm) for
laparoscopic myomectomy (p<0.001 for all comparisons).
Blood loss was statistically significantly lower (p<0.001)

for laparoscopic myomectomy [200 ml (IQR=100-200 ml)]
versus open myomectomy [400 ml (IQR=200-700 ml)], as it
was for laparoscopic versus open hysterectomy (167 ml
(IQR=100-200 ml) vs. 500 ml (IQR=100-750 ml); p<0.001].
In the laparoscopic myomectomy cohort (N=93), there was
one bowel injury in a patient known to have dense bowel
adhesions from previous surgery (managed by extending the
suprapubic incision, exteriorising the bowel with primary
anastomosis) and two red blood cell transfusions compared
with one bladder injury, one transfusion and one re-
admission for the open myomectomy group (N=58). 
Histopathological results confirmed there was no

malignancy across all groups of intervention. This was in
keeping with pre-operative and the intra-operative findings
supporting safety of morcellation in appropriately selected
women.
The length of stay (LOS) was statistically significantly

lower for laparoscopic myomectomy (1 day, 1-1) versus
open myomectomy (2 days, 2-3) (rho=−0.428, p<0.01); as
expected TCRF led to the shortest stay, and all women
attended as day cases. 

Treatment stratification and post-operative outcomes. Of the
91 nulliparous women, 60 were offered and accepted
laparoscopic myomectomy (p<0.01). BMI did not affect
treatment selection or post-operative outcomes including

blood loss, duration of procedure or LOS (p>0.01). Younger
women tended to have shorter LOS (rho=−0.190, p=0.003).
Afro-Caribbean women had a higher blood loss on average
(341 ml) compared to Asian (216 ml) and Caucasian women
(183 ml) (p=0.003).
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Table I. Cohort demographics & clinical symptoms at presentation.

Characteristic                                                                              

Age
   Median (IQR)                                                                 42 (37-46)
BMI
   Median (IQR)                                                                 28 (24-32)
Parity
   Median (IQR)                                                                    1 (0-2)
Ethnicity, n (%)
   Afro-Caribbean                                                             109 (44.7%)
   White                                                                              68 (27.9%)
   Asian                                                                               47 (19.3%)
   Other/mixed                                                                     20 (8.2%)
Clinical symptoms, n (%)
   Menorrhagia/pain                                                           88 (43.8%)
   Menorrhagia                                                                   78 (38.8%)
   Infertility                                                                         24 (11.9%)
   Pain                                                                                  11 (5.5%)
Clinical size of uterus, weeks of gestation
   Median (IQR)                                                                 16 (12-20)
Number of fibroids*
   Median (IQR)                                                                    3 (2-7)
Size of largest fibroid*
   Median (IQR)                                                                    6 (5-8)
Location of fibroids, n (%)*
   SubserosaI                                                                      61 (35.3%)
   Intramural                                                                       46 (26.6%)
   SubmucosaI                                                                    29 (16.8%)
   Mixed subserosal/intramural                                          13 (7.5%)
   Pedunculated                                                                   13 (7.5%)
   Broad ligament                                                                  7 (4%)
   Cervical                                                                             4 (2.3%)
Pre-operative imaging, n (%)
   US scan prior to intervention                                       236 (100%) 
   Need for additional MRI mapping
   Yes                                                                                18 (25.4%)
   No                                                                                 53 (74.6%)
Procedure performed, n (%)
   Myomectomy
   Open                                                                               58 (36%)
   Laparoscopic                                                               93 (61.5%)
 Total                                                                                    151
   Hysterectomy
   Open                                                                            5/64 (7.8%)
   Laparoscopic                                                             29/64 (45.3%)
   Laparoscopic-assisted subtotal                                 30/64 (46.8%)
   Total laparoscopic                                                     59/64 (92.1%)
   TCRF/Total procedures                                              43/258 (16.7%)

BMI: Body mass index; IQR: interquartile range; MRI: magnetic
resonance imaging; US: ultrasound; TCRF: transcervical resection of
fibroids. *By US.
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Operator experience seemed to directly affect treatment
selection; patients counselled by a senior surgeon trained in
MIS (FO) seem to opt for MIS (rho=−0.669, p<0.01). The
average blood loss for procedures performed by the senior MIS
surgeon was 225 versus 545 ml for non-MIS trained surgeons
and 285 ml for the overall cohort (p<0.01). Similarly, the LOS
was statistically significantly lower (1.37 vs. 2.65 vs. 1.63 days,
respectively; p<0.01 for all associations). 
As expected, increased clinical size of the uterus and the

size of the largest fibroid on ultrasound increased blood loss,
LOS and duration of surgery (p<0.01 for all associations).
Increased clinical size of uterus also affected treatment
selection, favouring open to laparoscopic surgery. 

Discussion

Literature review. The vast majority of evidence was found
to support minimal access as a gold standard approach to
improving fibroid surgery. Laparoscopy offers shorter
recovery time with better post-operative outcomes. Many
studies support multidisciplinary approach to treatment
stratification as the way forward to improve safety, patient
experience and post-operative outcomes. Several studies also
support operator experience as a major factor contributing to
safe operating, better training of juniors and smoother
running of the service. Those arguments underline the
potential need for centralisation of care provision in fibroid
centres as has been supported directly by other studies (21).
Our literature search also revealed there were no studies

that included hysterectomy, myomectomy and TCRF
collectively. To our knowledge, our study is the first to
review all these modalities and therefore will allow women
to clearly look at all surgical approaches in one place rather
than relying on systematic reviews with variable surgical
experience of the studies included in the review. 

Hospital data. Over two thirds of the women included in our
cohort offered and opted for laparoscopic versus laparotomic
myomectomy. Similarly, when a hysterectomy was indicated,
over 90% of women chose a laparoscopic approach as
opposed to open surgery. Our data show that laparoscopic
surgery seems to be in more demand from younger and
nulliparous women, and that most women would take up this
approach when minimal access surgery is offered.
Our study reaffirms previously published outcome data in

support of minimal access interventions for the management
of uterine fibroids. This included less blood loss, shorter
LOS and fewer complications; this subsequently creates the
argument of less cost to healthcare systems.
Despite a trend towards open myomectomy in the case of

a clinically or ultrasound confirmed larger uterus, it seems
that BMI did not affect the decision regarding laparoscopy.
Further to this, the overall size of fibroids operated via

laparotomic operations was higher in the case of the surgeon
trained in MIS compared to the other the surgeons in this
study. We also found that such a surgeon achieves reduction
in LOS without incurring additional complications. We also
confirmed there was no malignancy in the histopathological
results for all patients. Our results support a recent review
supporting the safety of morcellation in appropriately
selected women (22).

Clinical interpretation. Our study shows that where
available, there is a clear trend that patients would opt for
laparoscopic treatment; the question is do they always get
that option? Although indications for fibroid surgery follow
well-established guidelines, there is still limited evidence
with regard to patient selection for laparoscopic versus
laparotomic myomectomy. Therefore, there is still a
discrepancy behind access to technically challenging
laparoscopic surgery, which we see from our experience
locally, is dependent on operator’s proficiency and
experience to perform such procedures. Undoubtedly, the
size of fibroids and of the uterus in general, can present a
true technical surgical challenge. 
Our literature review (7, 9, 11) showed a paucity of data

for all fibroid interventions in single publications and that
inferences were made on the basis of systematic reviews
with the limitation of not taking surgical expertise into
account. This presents a strong argument for a standardised
evidence-based multidisciplinary approach, in other words,
a fibroid-treatment pathway based on the highest quality
evidence available.
Finally, we acknowledge the fact that MIS requires

advanced training and unfortunately this could imply extra
cost to healthcare services. Essentially, a proficient operator
is on average faster than a novice one (23), therefore, under
the guidance of an experienced surgeon at a Fibroid Centre,
opportunities could be generated for trainees to learn these
technical skills in a timely manner and in a safe
environment. This necessitates the formation of a supportive
network, which includes both good quality supervision, as
well as provision of a satellite simulation-based facility for
optimising the learning curve. In a nutshell, training the next
generation of surgeons expert in MIS means that more
women will be offered laparoscopic treatment of fibroids in
the future and receive better care provision.

Recommendations: An argument for centralisation of care
provision. We noted that women prefer laparoscopic surgery,
which seems to be safer in safe hands with better short-term
outcomes. This is a well-established argument, but there is a
series of challenges. Which women should be offered
laparoscopic surgery, and which of those would definitely
benefit more? How is the volume of cases to be managed?
Despite reduced LOS and hence cost, laparoscopic
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procedures can be equally costly, especially for prolonged
operations where theatre lists are full; how should this be
addressed? Finally, MIS has a steep learning curve and
training the future generation can be a challenge. Healthcare
systems are continuously pressured to meet targets, and this
means that training shifts to service provision to compensate
for these needs. 
The way to address this is by creating hubs of excellence;

in other words, fibroid treatment centres. Centralising care
means optimising time and money investment towards building
an expert multidisciplinary team. Such centres can bring
experts together and be the stepping-stone to prospectively
establishing well-supported guidelines. This can be either on a
regional or even national scale and can potentially reduce the
current ‘grey zones’ on decision making. Further to this
argument, agreeing on a gold standard practice guideline
involves not only retrospective evaluation of available evidence
and expert opinion, but also a novel framework of core
performance outcomes, which can guarantee better reporting
and hence quality of future evidence. And this has been the
example of the Core Outcomes in Women’s and Newborn
Health (CROWN) initiative, aiming to harmonise core
outcomes in most areas of obstetrics and gynaecology (24). 
Creating fibroid treatment centres of excellence can also

result in better provision of high-class training both for
specialist registrars, as well as for consultants who want to
develop proficiency in advanced laparoscopy. The great
advantage of such initiatives is the provision of safe training
with no compromise of service, and hence no additional cost to
the healthcare system overall. In simple terms, more surgeons
can train in MIS in a safe environment, at no extra cost. 

Strengths of the study. A major strength of the study is review
of the available evidence prior to interpreting our results.
Regarding our patient cohort, it had a wide range of age, BMI
and parity. Coming from an East London Hospital, our patients
represent an extremely diverse high-risk population, which
could be therefore be applied to any other high-risk population
in the UK or worldwide. We also followed a retrospective
protocol for this study. Compared to other published work, we
had a considerable sample size, which allows us to draw valid
conclusions. Further to this, our team comprised a good mix of
surgeons highly experienced and advanced in MIS with
generalist obstetricians and gynaecologists, which is a valid
representation of an average teaching centre in the UK. 

Limitations. Our study was limited by its retrospective nature
which occasionally made it difficult to extract certain data
due to the observed heterogeneity in the way data were
reported. Most of the procedures were carried out by or
under the supervision of a single surgeon who may have had
a predilection for MIS even in potentially difficult cases,
however, this in itself may represent a strength as there was

no increase in complication rates. A further limitation is the
use of this single population and therefore univariate analysis
and not multivariate analysis, which could restrict the
generalisability of our results.

Conclusion

Laparoscopic surgery is safe and seems to offer superior
short-term outcomes for young women who opt to undergo
surgical intervention for fibroids. Creating fibroid treatment
centres of excellence can harmonise care provision as
decision making will be standardised based on robust
guidelines and more women could be offered and benefit
from laparoscopic surgery. As proven by other examples,
centralising care reduces overall costs. Finally, fibroid
treatment centres can be a step forward to safely train the
new generation of surgeons in MIS and at no additional cost,
increasing both the number technically proficient as well as
their experience at a more junior stage of training.
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