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ABSTRACT
Objective To evaluate the relative effectiveness of
hysterectomy, endometrial destruction (both “first
generation” hysteroscopic and “second generation” nonhysteroscopic techniques), and the levonorgestrel
releasing intrauterine system (Mirena) in the treatment of
heavy menstrual bleeding.
Design Meta-analysis of data from individual patients,
with direct and indirect comparisons made on the primary
outcome measure of patients’ dissatisfaction.
Data sources Data were sought from the 30 randomised
controlled trials identified after a comprehensive search
of the Cochrane Library, Medline, Embase, and CINAHL
databases, reference lists, and contact with experts. Raw
data were available from 2814 women randomised into
17 trials (seven trials including 1359 women for first v
second generation endometrial destruction; six trials
including 1042 women for hysterectomy v first generation
endometrial destruction; one trial including 236 women
for hysterectomy v Mirena; three trials including 177
women for second generation endometrial destruction v
Mirena).
Eligibility criteria for selecting studies Randomised
controlled trials comparing hysterectomy, first and
second generation endometrial destruction, and Mirena
for women with heavy menstrual bleeding unresponsive
to other medical treatment.
Results At around 12 months, more women were
dissatisfied with outcome with first generation
hysteroscopic techniques than with hysterectomy (13% v
5%; odds ratio 2.46, 95% confidence interval 1.54 to 3.9,
P<0.001), but hospital stay (weighted mean difference 3.
0 days, 2.9 to 3.1 days, P<0.001) and time to resumption
of normal activities (5.2 days, 4.7 to 5.7 days, P<0.001)
were longer for hysterectomy. Unsatisfactory outcomes
were comparable with first and second generation
techniques (odds ratio 1.2, 0.9 to 1.6, P=0.2), although

second generation techniques were quicker (weighted
mean difference 14.5 minutes, 13.7 to 15.3 minutes,
P<0.001) and women recovered sooner (0.48 days, 0.20
to 0.75 days, P<0.001), with fewer procedural
complications. Indirect comparison suggested more
unsatisfactory outcomes with second generation
techniques than with hysterectomy (11% v 5%; odds ratio
2.3, 1.3 to 4.2, P=0.006). Similar estimates were seen
when Mirena was indirectly compared with hysterectomy
(17% v 5%; odds ratio 2.2, 0.9 to 5.3, P=0.07), although
this comparison lacked power because of the limited
amount of data available for analysis.
Conclusions More women are dissatisfied after
endometrial destruction than after hysterectomy.
Dissatisfaction rates are low after all treatments, and
hysterectomy is associated with increased length of stay
in hospital and a longer recovery period. Definitive
evidence on effectiveness of Mirena compared with more
invasive procedures is lacking.

INTRODUCTION
Heavy menstrual bleeding is a common problem in
women of reproductive age.1 It is often incapacitating
and expensive to treat and can severely affect a
woman’s quality of life.2 3 Many women are not
happy with medical treatment and end up undergoing
surgery.4 Hysterectomy was once the only surgical
option for heavy menstrual bleeding, and almost half
of the hysterectomies currently performed worldwide
are carried out for this reason.5 Endometrial destruction techniques, which aim to destroy or remove the
endometrial tissue,6 have become increasingly popular
alternatives, and, as a result, the number of hysterectomies in the United Kingdom declined by 64%
between 1995 and 2002.7 They were introduced in
the 1980s, with rollerball ablation and transcervical
resection emerging as the main approaches under
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direct hysteroscopic vision.8 Subsequently, second
generation non-hysteroscopic techniques have been
developed, which are easier to perform. Here, devices
are sited and activated to treat the whole endometrial
cavity simultaneously without visual control. Destruction is achieved through various methods, including
high temperature fluids and bipolar electrical or microwave energy. Intrauterine devices were initially introduced as contraceptives, but the addition of
progestogen resulted in reduced menstrual bleeding.
Mirena, the levonorgestrel releasing intrauterine system, provides a non-surgical alternative, which is
reversible and spares fertility.9
Women and clinicians now have a greater choice of
treatment, although evidence to support decision making is inadequate. In the UK, guidelines from the
National Institute for Health and Clinical
Excellence10 recommend the use of Mirena in the
first instance for women with benign heavy menstrual
bleeding, followed by endometrial destruction, if drug
treatments fail to resolve symptoms. Syntheses of evidence from randomised controlled trials comparing
these treatments have been limited,11-13 partly because
of scarcity of head to head comparisons and variation
in outcome measurements used to evaluate effectiveness. We undertook a meta-analysis of data from individual patients from all relevant trials to address

previous deficiencies in evidence synthesis. This sort
of meta-analysis has several advantages over traditional reviews of published data,14 including the ability
to carry out data checks, standardise analytical methods, and undertake subgroup analyses.
METHODS
We sought data on individual patients from randomised controlled trials of hysterectomy, endometrial
destruction techniques, and Mirena to examine their
relative efficacy as second line treatment for heavy
menstrual bleeding. The systematic review was conducted based on a protocol designed with widely
recommended methods15 16 that complied with guidelines for reporting meta-analysis17 (www.bctu.bham.
ac.uk/systematicreview/hmb/protocol.shtml).
Literature search and study selection
We searched the Cochrane Library, Medline (19662010), Embase (1980 to May 2010), and CINAHL
databases (1982 to May 2010) using relevant terms
and word variants for population and interventions
(see appendix 1 on bmj.com). We also hand searched
the bibliographies of all relevant primary articles and
reviews to identify any articles missed by the electronic
searches. Experts were contacted to identify further
studies. To identify any ongoing randomised

Total citations identified (n=557)
Articles retrieved for detailed evaluation (n=111)
Articles excluded (n=72):
Abstract/letter (n=6)
Data not extractable (n=9)
Duplicates (n=57)
Articles included (n=39)
Unpublished studies (n=1*)
Articles included in systematic review and meta-analysis (n=40)
Trials unable to contribute to meta-analysis (n=10):
First generation v first generation (n=4)
Second generation v second generation (n=4)
Hysterectomy v hysterectomy (n=2)

Hysterectomy v
first generation
endometrial destruction
(n=7; 1127 women)

Hysterectomy
v Mirena
(n=1; 236 women)

First v second generation
endometrial destruction
(n=14; 2448 women)

Mirena v first generation
endometrial destruction
(n=3; 190 women)

Mirena v second
generation
endometrial destruction
(n=5; 304 women)

IPD obtained from
6 trials (1042 women)

IPD obtained from
1 trial (236 women)

IPD obtained from
7 trials (1359 women)

No IPD obtained
(0 women)

IPD obtained from
3 trials (177 women)

0

6 trials (1083 women)

0

1 trial (83 women)

Satisfaction
as an outcome
within 2 years
(with IPD)

3 trials (570 women)

Fig 1 | Study selection process for systematic review and meta-analysis of data from individual patients from randomised trials
comparing hysterectomy, endometrial destruction techniques, and Mirena for heavy menstrual bleeding (see appendix 2 on
bmj.com for details of selected trials). IPD=individual patient data. *Study was comparison of second generation endometrial
destruction techniques and did not contribute to meta-analysis
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controlled trials, we searched the Meta-Register of
Controlled Trials and the ISRCTN register. No language restriction was applied.
Studies were selected in a two step process. Firstly,
we scrutinised the citations identified by the electronic
searches and obtained full manuscripts of all the citations that met, or were thought likely to meet, the predetermined inclusion criteria based on patients’ entry
criteria (women with heavy menstrual bleeding or
abnormal/excessive/prolonged uterine bleeding that
was unresponsive to other medical treatment) and
study design, the latter limited to randomised controlled trials. We then considered four categories of
intervention: hysterectomy (performed abdominally,
vaginally, or laparoscopically); “first generation”
endometrial destruction techniques (using operative
hysteroscopy, including endometrial laser ablation,
transcervical resection of the endometrium (TCRE),
and rollerball endometrial ablation); “second generation” endometrial destruction techniques (those that
use a “blind” device to simultaneously treat the whole
cavity, including thermal balloon (Cavaterm, Thermachoice, and Vesta), microwave (Microsulis), laser
(ELITT), bipolar radio frequency (NovaSure), cryoablation, and hydrothermal ablation); and a levonorgestrel releasing intrauterine system (Mirena). We
compared these categories of treatment against each
other; studies were excluded from the meta-analysis if
a comparison between relevant categories did not
exist, although we also requested data from studies
making a comparison within these categories to allow
Yes

No

Data collection and study quality assessment
We made repeated attempts to contact corresponding
authors via post, email, or telephone to access data.
When initial attempts failed, we attempted personal
contact via our links through the British and European
Societies for Gynaecological Endoscopy. Authors
were asked to supply anonymised data for each of the
prespecified outcome measures and were invited to
become part of the collaborative group with joint ownership of the final publication. When investigators
declined to take part in the study or could not be contacted, two independent reviewers (RC and LJM)
extracted published data from manuscripts using predesigned proformas. Any disagreements were
resolved by consensus or arbitration by a third
reviewer (JPD). Received data were merged into a master database, specifically constructed for the review.
The data were cleaned and results cross checked
against published reports of the trials. When discrepancies existed we contacted authors for clarification.
Authors of the protocol reviewed all relevant outcome measures to be used in the meta-analysis from
articles identified in the literature search. Level of satisfaction with treatment was the most commonly measured outcome across all identified studies, with 21 out
of 30 (70%) using this measure, and we used it as our
primary outcome measure. Dissatisfaction rates are
presented to simplify interpretation of statistical

Unclear, not stated

Hysterectomy v 1st generation
endometrial destruction
Randomisation adequate

further exploration of possible predictors of the primary outcome measure.

3

4

Target population described

6

Sample size calculation reported

6

Two groups comparable at baseline

1
1

1

1

1

7

Intention to treat analysis reported

4

3
1

1

Compliance with allocated treatment
>80% in both arms at 12 months

6

1

1

Mirena v 1st generation
endometrial destruction
2

Sample size calculation reported

3

Two groups comparable at baseline

3

Intention to treat analysis reported

3

Follow-up >80%

20

60

80

100

Compliance (%)

0

13

17
28

2

9
29

1

12

2

3
3

60

2

21
1

2

40

1

Summary of all studies

2

4

20

2

13

4

1

40

8
12

5

2

0

6

3

3

Compliance with allocated treatment
>80% in both arms at 12 months

3
14

3

1

1

11

Mirena v 2nd generation
endometrial destruction

1
3

10
13

1

6

Target population described

4

1

Follow-up >80%

Randomisation adequate

1st v 2nd generation
endometrial destruction

Hysterectomy v Mirena

18
24

6

23

80

100

Compliance (%)

0

20

40

7

60

80

100

Compliance (%)

Fig 2 | Quality of studies included in systematic review and meta-analysis of individual patient data from randomised trials
comparing hysterectomy, endometrial destruction techniques, and Mirena for heavy menstrual bleeding. Numbers inside bars
are numbers of studies (details given in appendix 3 on bmj.com)
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Events/total
1st
generation

Hysterectomy

Dickersin37

13/107

7/103

26.1

1.86 (0.55 to 6.21)

Crosignani31

5/38

2/39

9.3

2.61 (0.34 to 19.85)

O'Connor34

7/106

2/50

10.7

1.61 (0.24 to 10.65)

Pinion35

13/104

4/93

22.4

2.81 (0.76 to 10.39)

Dwyer32

19/99

6/97

31.5

3.20 (1.06 to 9.61)

57/454

21/382

100.0

2.46 (1.54 to 3.93)

Study

Total (95% CI)

Peto odds ratio
(99% CI)

Heterogeneity: χ2=1.15, df=4, P=0.89; I2=0% 0.1 0.2 0.5 1
Test for overall effect: z=3.75, P<0.001
Higher
with
hysterectomy

2

Weight
(%)

Peto odds ratio
(99% CI)

5 10

Higher
with 1st
generation

Fig 3 | Dissatisfaction at 12 months: hysterectomy v first generation endometrial destruction

output. Responses of “very satisfied” or “satisfied”
were taken as a positive response, likewise “very dissatisfied” or “dissatisfied” were taken as a negative
response. Where a “not sure” or “uncertain” response
was given these were conservatively taken to be a negative rating of treatment, although we carried out a sensitivity analysis to test the robustness of this
assumption. For a small number of studies,18-21 we
used surrogate outcomes for satisfaction (major problem resolved/improvement of health state/menstrual
symptoms successfully treated/degree of recommendation). This assumption was also tested by sensitivity
analysis without these studies (indicated in the results
section where important) (see appendix 2 on bmj.com).
A more disease specific quality of life tool22 would have
been the ideal choice for primary measure, but relevant data were not available from the identified studies.
We have shown from the data in this review, though,
that there is a strong relation between dissatisfaction
and patients’ quality of life (see results section).
Other outcome measures were bleeding scores (ranging from a minimum of zero with no upper limit),23
amenorrhoea rate (converted from a bleeding score
of zero where data existed, otherwise as reported),
heavy bleeding rate (converted from bleeding scores of
>10023 where data existed, otherwise as reported), EQ5D utility score,24 SF-36 scores,25 duration of surgery/
hospital stay, rates of general anaesthesia, postoperative pain score (standardised from visual analogue
and ordinal scale scores on to a scale of 0-10), time to
return to work/normal activities/sexual activity, dysmenorrhoea/dyspareunia rate, and proportion undergoing
subsequent
ablation/hysterectomy
or
discontinuing use of Mirena. Predefined subgroups
were age at randomisation (≤40 v >40), parity (nulliparous v parous), length of uterine cavity (≤8 v >8 cm),
presence or absence of fibroids/polyps, and, when
available, severity of bleeding at baseline (bleeding
score ≤350 or >350).
We assessed all selected trials for their methodological quality by using received datasets when available in
addition to the reported information. Quality was scrutinised by checking adequacy of randomisation, group
comparability at baseline (examining baseline characteristics for any substantive differences), blinding
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(where appropriate), use of intention to treat analysis,
completeness of follow-up, compliance, reliability by
using a priori estimation of sample size, and generalisability by using a description of the sample recruited.
Adequacy of randomisation was assessed with subquestions examining information on sequence generation, the process of allocation, and allocation concealment.
Statistical analysis
To minimise the possibility of bias, we combined data
on individual patients and aggregate data in a two stage
approach.26 Data on individual patients were reduced
to aggregate data to allow studies with only aggregate
data to be combined with those with data on individual
patients. Unless specifically stated, all estimates shown
are from all available data (both individual patient data
and aggregate data). Point estimates and 95% confidence intervals were calculated for individual studies
at each time point. Differences in effect estimates
between trials and the predefined subgroups of
patients are displayed with odds ratio plots, with heterogeneity investigated by using Cochran’s Q27 and I2
statistics.28 Subgroup analyses to explore the causes of
heterogeneity were undertaken if the P values of these
tests were <0.1. Differences between studies contributing data on individual patients and those with only
aggregate data were examined in the same fashion to
check that the latter results were consistent with those
for which we received individual data. Limited data
were available for studies comparing Mirena with
endometrial destruction, so we compared Mirena
with first and second generation studies combined as
well as separately. We used assumption-free “fixed
effect” methods to combine dichotomous outcome
measures and estimate pooled odds ratios using the
method of Peto,29 and, for continuous variables, calculated weighted mean differences30 at each time point.
Data at less than 12 months were combined and are
described as results at six months. Results from the
limited number of studies with follow-up longer than
two years are not referred to in the text but are given in
the appendices (see bmj.com).
The primary outcome measure of dissatisfaction was
investigated comprehensively by using received data.
Results at 12 months, when most studies had collected
data, were used as the focus for analysis. When
responses were not available at this time point, data
were substituted, in the first instance, from two years
and failing that six months. Estimates of dissatisfaction
at any time were also examined, along with an analysis
allowing for the correlation of the repeated measurements using generalised estimating equations (data on
individuals patient only).31 If we could not directly
compare treatments, we made indirect estimates32
using a logistic regression model33 allowing for trial
and treatment.34 For example, we estimated the effect
for the comparison of hysterectomy versus second generation endometrial destruction using the common
comparators of first generation endometrial destruction and Mirena. It should be noted that for this
BMJ | ONLINE FIRST | bmj.com
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particular analysis we assumed that there are no systematic differences between the sets of trials that
could bias the indirect measure.32
Access to data from individual patients also allowed
the inclusion of patient level covariates to examine possible predictors of dissatisfaction. Firstly, we considered covariates individually, while allowing for
differences between trial estimates by including this
parameter in the model. If considered statistically
important (P<0.1), we included covariate parameters
together in a multivariable analysis to examine
adjusted estimates. In addition to the analysis of the
primary outcome measure described above, as a sensitivity analysis, we also used data from individual
patients to explore the effect observed in compliance
rates for comparisons between first and second generation endometrial destruction (unfortunately there were
insufficient data to extend this analysis to comparisons
with Mirena). For example, for those women who were
“satisfied” with treatment but subsequently underwent
a hysterectomy, positive responses were substituted
with negative ones. The relation between dissatisfaction and responses from the SF-36 quality of life questionnaire was examined at the patient level by using a
regression model allowing for trial. We used Revman
v5.0 (Cochrane Collaboration, Denmark) and SAS
v9.2 (SAS Institute, Cary, USA) software for analyses.

RESULTS
Trials and patients
We identified 556 potentially relevant citations by
electronic searches. After detailed evaluation, 30 trials
were eligible for inclusion in the review (fig 1). Of these
trials, seven compared hysterectomy with endometrial
destruction techniques. Six of these studies involved
first generation techniques. 18 35-39 The seventh study
used a combination of first and second generation in
equal proportions 40 and was included here as a first
generation comparison, with a sensitivity analysis performed without the trial. One study compared hysterectomy with Mirena. 41 Fourteen studies compared first
generation endometrial destruction techniques with
second generation techniques, 19 42-54 and eight studies
compared Mirena with endometrial destruction, three
of which were first generation 20 55 56 and five second
generation. 21 57-60 Appendix 2 on bmj.com shows the
characteristics of these studies. Data from a further
five studies (including one unpublished study), 61-64
which involved comparisons within first and second
generation endometrial destruction, were also
received.
Trials that compared hysterectomy with endometrial destruction and those that compared first and
second generation endometrial destruction involved
women of a similar age, with average ages of 40.6

Table 1 | Results from regression analysis comparing satisfaction response with results from SF-36 quality of life
questionnaire at 12 months
Change from baseline
SF-36
domain

No of
women

Mean (SD)

Dissatisfied

71

−4.7 (14.2)

Satisfied

507

5.7 (17.0)

Absolute

Difference* (95%
CI)

P value

7.4 (3.1 to 11.8)

<0.001

2.8 (−2.6 to 8.3)

0.3

17.4 (5.3 to 29.4)

0.005

15.0 (2.9 to 27.0)

0.02

10.5 (5.4 to 15.6)

<0.001

6.7 (0.9 to 12.5)

0.02

8.5 (2.4 to 14.6)

0.006

9.1 (0.8 to 17.4)

0.03

No of
women

Mean (SD)

Difference* (95% CI)

P value

12.5 (8.5 to 16.6)

<0.001

10.9 (6.7 to 15.1)

<0.001

24.0 (17.0 to 31.0)

<0.001

23.4 (16.3 to 30.4)

<0.001

16.9 (12.8 to 21.0)

<0.001

17.6 (13.5 to 21.7)

<0.001

18.9 (14.1 to 23.8)

<0.001

20.2 (14.7 to 25.6)

<0.001

General health:
91

60.3 (20.5)

642

77.7 (17.8)

Physical function:
Dissatisfied

70

0.4 (19.4)

Satisfied

497

6.0 (20.7)

Dissatisfied

71

5.3 (51.6)

Satisfied

504

25.2 (44)

89

78.1 (27.2)

637

91.0 (16.6)

Role physical:
90

60.8 (45.1)

641

88.4 (27.9)

Role emotional:
Dissatisfied

71

4.2 (54.6)

Satisfied

505

18.2 (44.4)

Dissatisfied

71

−2.1 (22.7)

Satisfied

504

7.6 (18.7)

90

61.1 (44.2)

641

87.4 (28.2)

Mental health:
90

58.5 (21.6)

638

76.9 (17.1)

Social function:
Dissatisfied

70

4.9 (26.2)

Satisfied

471

11.6 (21.2)

90

61.0 (24.2)

629

85.5 (18.6)

Vitality:
Dissatisfied

70

6.5 (23.7)

Satisfied

503

15.7 (22.9)

91

43.6 (23.1)

637

65.2 (21.0)

91

57.6 (27.2)

642

81.0 (23.4)

Pain:
Dissatisfied

71

6.4 (34.3)

Satisfied

504

20.1 (31.4)

*Adjusted for study.

BMJ | ONLINE FIRST | bmj.com

page 5 of 11

RESEARCH

Table 2 | Results from logistic regression analysis with dissatisfaction at 12 months as
outcome. Figures are odds ratios* (95% confidence intervals)
Individual estimates†
Uterine cavity length (≤8 v
>8 cm)
Age (≤40 v >40 years)

Hysterectomy

1st generation
endometrial destruction

2nd generation
endometrial destruction

—

0.97 (0.38 to 2.4), P=0.9

0.59 (0.38 to 0.93), P=0.02

2.3 (0.66 to 7.9), P=0.2

1.2 (0.81 to 1.8), P=0.4

1.3 (0.87 to 1.9), P=0.2

Fibroids/polyps (absence v 0.51 (0.14 to 1.9), P=0.3
presence)

1.2 (0.55 to 2.4), P=0.7

0.36 (0.12 to 1.1), P=0.07

Parity (nullparousv parous)

—

1.3 (0.36 to 4.4), P=0.7

0.84 (0.33 to 2.2), P=0.7

Baseline bleeding score
(≤350 v 350)

—

0.73 (0.27 to 1.97), P=0.5

0.96 (0.48 to 1.9), P=0.9

*Odds ratio <1 favours first subgroup listed—that is, women have reduced dissatisfaction.
†After adjustment for study.

(SD 5.1) and 41.0 (SD 4.9), respectively. Women in
trials comparing Mirena with endometrial destruction
were slightly older, with an average age of 43.6 (SD
3.5). Eligibility criteria for women with uterine pathology varied between trials; inclusion of women with
fibroids was generally limited by size or number of
the fibroids. When affected women were included,
they amounted to a maximum of 30% of the women
in each individual study.
We received a high proportion of data from trials
involving hysterectomy (7/8 studies, 1278/1363
women) and less from trials of endometrial destruction
techniques (7/14 studies, 1359/2448 women) and
those that compared Mirena with endometrial destruction (3/8 studies, 177/494 women) (see appendix 2 on
bmj.com). Overall, we received some data on individual patients from 65% (2814/4305) of women
involved in the trials, although only eight studies
were
able
to
provide
all
requested
variables.36 37 42 43 46 49 54 60 The remaining studies had
some missing information, with limited details on follow-up of patients covering subsequent operations (for
example, hysterectomy after Mirena). Details on how
we used data from studies providing data from individual patients are in the section on statistical analysis.
Study quality
The methodological quality of the studies was variable
(fig 2 and appendix 3 on bmj.com). More than half the
studies failed to give adequate information about their
randomisation procedure and details of allocation concealment. There was a general lack of true intention to
treat analysis, with some studies stating that an intention to treat had been performed yet analysing only
those women who had received treatment. For four
studies that reported per protocol analyses, 43 46 49 58
intention to treat analyses were undertaken with the
available data on individual patients, although it was
not always clear if patients who deviated from protocol
were followed up correctly in these cases. Small sample
sizes often lacked a sensible justification, especially in
studies involving Mirena. In the nine trials involving
Mirena, only four had more than 80% of women with
Mirena in situ 12 months after randomisation.
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Dissatisfaction as an outcome measure
Data from four studies that provided data from individual patients on both outcomes36 49 51 58 showed that
satisfied patients had significantly increased scores in
seven of eight domains of the SF-36 quality of life questionnaire when compared with dissatisfied patients in
the analysis of change from baseline scores, including
the general health perception (7.4 points, 95% confidence interval 3.1 to 11.8, P<0.001) and mental health
(10.5 points, 5.4 to 15.6, P<0.001) domains (table 1).
Differences from absolute values (not adjusted for
baseline score) were highly significant (P<0.001) in
all eight domains in favour of satisfied patients.
Effectiveness in reducing dissatisfaction with treatment
Hysterectomy v first generation endometrial destruction—
More women were dissatisfied at 12 months after first
generation endometrial destruction than after hysterectomy (13% (57/454) v 5% (23/432); odds ratio 2.5,
1.5 to 3.9, P<0.001) (fig 3), with no significant heterogeneity between study estimates (P=0.9, I2=0%). This
estimate of effect size was consistent with, although
slightly less than, the estimate from the repeated measures analysis (individual patient data only) over all
time points (3.8, 2.2 to 6.5, P<0.001) and an analysis
using dissatisfaction at any time point (3.4, 2.1 to 5.3,
P<0.001). There was no evidence of any differences
between subgroups (see data collection and study quality assessment section), including between studies providing individual patient data or aggregate data (test for
heterogeneity P=0.9).
First v second generation endometrial destruction techniques—Similar rates of dissatisfaction were seen with
first and second generation endometrial destruction
(12% (123/1006) v 11% (110/1034); odds ratio 1.2,
0.9 to 1.6, P=0.2; test for heterogeneity P=0.7, I2=0%)
(fig 4). Comparable estimates were obtained from the
repeated measures analysis of data from individual
patients (1.2, 0.8 to 1.7, P=0.3), the analysis of dissatisfaction at any time (1.2, 0.9 to 1.6, P=0.2), and an analysis adjusted for patients who went on to receive
hysterectomy (1.3, 0.9 to 1.7, P=0.1). Results were consistent over all subgroups, including those studies providing data from individual patient or only aggregate
data (test for heterogeneity P=0.8).
Mirena v endometrial destruction techniques—Rates of
dissatisfaction with Mirena and second generation
endometrial destruction were similar (18% (17/94) v
23% (23/102); odds ratio 0.8, 0.4 to 1.5, P=0.4) (fig 5).
The combined estimate of this and the one study that
compared Mirena with first generation endometrial
destruction 20 (test for differences between subgroups
P=0.2) also showed no evidence of a difference (0.9,
0.5 to 1.8, P=0.9; test for heterogeneity over all studies
P=0.1, I2=54%). Overall rates of dissatisfaction were
17% (22/128) for Mirena and 18% (25/137) for both
first and second generation endometrial destruction.
Lack of data from individual patients prohibited any
further investigation of subgroups or repeated measures. Sensitivity analysis performed without two studies that used surrogates for dissatisfaction
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significantly reduced the data available for analysis but
did not change the findings.
Indirect comparisons of hysterectomy with second generation endometrial destruction techniques and Mirena—Indirect estimates (fig 6) suggest that hysterectomy is also
preferable to second generation endometrial destruction (5% (23/432) v 11% (110/1034); odds ratio 2.3, 1.3
to 4.2, P=0.006) in terms of patients’ dissatisfaction.
This was confirmed by the repeated measures analysis
(individual patient data only) over all three time points
(3.1, 1.6 to 5.9, P<0.001). The evidence to suggest hysterectomy is preferable to Mirena was weaker (5% (23/
432) v 17% (22/128); 2.2, 0.9 to 5.3, P=0.07), but given
the lack of precision from Mirena comparisons this was
not a surprising result and should be interpreted cautiously.
Predictors of dissatisfaction—For second generation
endometrial destruction, data from individual patients
showed that the length of the uterine cavity was the
strongest predictor of dissatisfaction (P=0.02), with
shorter cavities (≤8 cm v >8 cm) being associated with
reduced rates (odds ratio 0.6, 0.4 to 0.9; P=0.02)
(table 2). Absence of fibroids/polyps also showed a
trend towards reduced dissatisfaction (P=0.07),
although no further adjusted estimates including both
parameters were attempted as only three studies had
data on fibroids/polyps. There were no convincing
associations with any of the variables for hysterectomy
or first generation endometrial destruction.
Effectiveness in improving other outcomes
Hysterectomy v endometrial destruction and Mirena—These
comparisons focused on recovery times and quality of
life because estimates of postoperative menstrual
blood loss are redundant after hysterectomy (see
appendix 2 on bmj.com). Endometrial destruction
offered quicker surgery (weighted mean difference
32 minutes, 30 to 34 minutes, P<0.001), shorter hospital stay (3.0 days, 2.9 to 3.1 days, P<0.001), faster

Events/total
Study

1st
2nd
generation generation

Peto odds ratio
(99% CI)

Weight
(%)

Peto odds ratio
(99% CI)

Brun52

3/16

2/27

2.5

2.94 (0.24 to 36.00)

Cooper46

1/101

3/201

2.1

0.68 (0.04 to 10.59)

Perino47

5/55

3/56

4.5

1.74 (0.26 to 11.42)

Duleba44

10/72

16/156

12.0

1.43 (0.45 to 4.53)

Hawe39

3/33

4/37

3.8

0.83 (0.11 to 6.38)

Van Zon-Rabelink40

13/58

15/75

13.1

1.16 (0.38 to 3.47)

Cooper45

5/82

11/154

8.1

0.85 (0.21 to 3.43)

Pellicano51

14/38

7/37

9.2

2.40 (0.64 to 8.96)

Soysal41

19/48

15/45

13.1

1.31 (0.43 to 3.94)

Cooper48

33/128

29/121

28.0

1.10 (0.52 to 2.34)

Meyer43

1/120

5/125

3.5

0.27 (0.03 to 2.24)

107/751

110/1034

100.0

1.20 (0.88 to 1.62)

Total (95% CI)

Heterogeneity: χ2=7.47, df=10, P=0.68, I2=0% 0.1 0.2 0.5 1
Test for overall effect: z=1.17, P=0.24
Higher
with 2nd
generation

2

5 10

Higher
with 1st
generation

Fig 4 | Dissatisfaction at 12 months: first v second generation endometrial destruction
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recovery periods (time to return to normal activities 5.
2 days, 4.7 to 5.7 days, P<0.001), and less postoperative pain (2.5 points, 2.2 to 2.9 points, P<0.001),
although estimates of differences for some of these
results should be used with caution given the high
variability between studies (see appendix 4 on
bmj.com). One study suggested no obvious difference
in EQ-5D utility score,40 while another suggested differences in favour of hysterectomy in the general
health (9.6 points, 5.7 to 13.5 points, P<0.001), social
functioning (24 points, 21 to 27 points, P<0.001), and
vitality (13 points, 9.3 to 16 points, P<0.001) domains
of the SF-36 questionnaire (change from baseline).18
Relatively few perioperative adverse events were associated with hysterectomy (0.5%-2% each), but urinary
tract infections were more common (8%, 43/530) than
with endometrial destruction (2%, 9/585) (odds ratio
4.4, 2.5 to 7.8, P<0.001). Of the women who were initially treated with endometrial destruction, 15% (38/
246) had undergone a hysterectomy by two years.
There were no differences in EQ-5D scores at six or
12 months in the single study comparing hysterectomy
with Mirena (see appendix 5 on bmj.com), while the
only significant effect observed in the SF-36 questionnaire was in the pain domain (change from baseline),
favouring hysterectomy (weighted mean difference 9.6
points, 2.7 to 16.6 points, P=0.007). All results were
consistent over subgroups.
First v second generation endometrial destruction techniques—The proportion of women with amenorrhoea
or still experiencing heavy bleeding was similar in
both groups at all time points, apart from at two
years, where there was a difference of borderline significance in favour of second generation techniques
(odds ratio 0.64, 0.41 to 0.99, P=0.04, for amenorrhea;
0.54, 0.30 to 0.97, P=0.04, for heavy bleeding) (see
appendix 6 on bmj.com). Change from baseline analysis of bleeding scores showed no evidence of a difference at any of the time points. Two studies49 51 using the
SF-36 questionnaire and one small study42 using the
EQ-5D questionnaire showed no consistent difference
between first and second generation techniques in
terms of change from baseline results. Second generation endometrial destruction was quicker (weighted
mean difference 14.5 minutes, 13.7 to 15.3 minutes,
P<0.001) and less likely to require general anaesthesia
(odds ratio 0.16, 0.12 to 0.20, P<0.001), although
highly significant heterogeneity makes estimates difficult to interpret. Lower use of general anaesthesia with
second generation endometrial destruction translated
to a slightly quicker time to normal activities (weighted
mean difference 0.48 days, 0.20 to 0.75 days, P<0.001)
and time to return to work (1.36 days, 0.69 to 2.03 days,
P<0.001). Postoperative pain was similar after either
method. Adverse events were relatively low in both
groups (<2% each), but perioperative complications
such as uterine perforation (odds ratio 0.20, 0.07 to
0.57, P=0.003), excessive bleeding (0.14, 0.03 to 0.55,
P=0.005), fluid overload (0.12, 0.04 to 0.36, P<0.001),
and cervical laceration (0.12, 0.05 to 0.33, P<0.001)
were lower with second generation techniques. The
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Peto odds ratio
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16.8
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Busfield58
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Soysal56
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1.31 (0.33 to 5.24)

Subtotal (95% CI)

17/94
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0.76 (0.38 to 1.53)

100.0

0.94 (0.50 to 1.77)
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Total (95% CI)

22/128

25/137
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χ2=2.05, df=1, P=0.15, I2=51.3%

2

5 10
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Fig 5 | Dissatisfaction at 12 months: first and second generation endometrial destruction v
Mirena

number of women requiring a subsequent hysterectomy was lower for second generation endometrial
destruction, but these differences were not large
enough to be significant within the first two years
(odds ratio 0.77, 0.47 to 1.24, P=0.3, at 12 months;
0.68, 0.41 to 1.13, P=0.1, at two years). Overall rates
were 3% (74/2265) and 8% (71/939) at these time
points. Any differences among subgroups were confined to single time points only. Results from studies
providing data from individual patients were consistent with those with only aggregate data.
Mirena v endometrial destruction techniques—More
women experienced heavy bleeding after endometrial
destruction at six months (odds ratio 4.3, 1.8 to 10.6,
P=0.001) and at two years (13.0, 2.0 to 84.2, P=0.007),
although not at 12 months (1.4, 0.6 to 2.97, P=0.5),
when the largest number of women was evaluated
(see appendices 7 and 8 on bmj.com). Rates of amenorrhoea were similar at all time points. Change in bleeding scores favoured endometrial destruction only at
12 months (weighted mean difference 38 points, 15 to
60 points, P<0.001). Other outcome measures could
not separate the two treatments. Two studies provided
SF-36 change from baseline scores, and no differences
were found in any of the domains.58 60 The number of
women subsequently undergoing a hysterectomy was
similar at each time point; rates at 12 months were 2%
(2/86) for endometrial destruction and 7% (6/89) for
Mirena (odds ratio 0.36, 0.09 to 1.48, P=0.2). A high
proportion of women originally prescribed Mirena discontinued use of this treatment: 16% (30/191) at
12 months rising to 28% (29/105) by two years.
Reported adverse events were low with Mirena; only
around 3% reported an expelled or migrated coil
within the first month. These results were from studies
of first and second generation studies combined, when
page 8 of 11

first generation data existed, and were consistent over
both types of endometrial destruction.
DISCUSSION
Main findings
In women undergoing second line treatment for heavy
menstrual bleeding, both first and second generation
endometrial destruction techniques were associated
with greater dissatisfaction than hysterectomy,
although rates were low for all treatments and absolute
differences were small. Recovery times and length of
hospital stay were longer for hysterectomy. Dissatisfaction levels with second generation techniques were
slightly lower than those associated with first generation techniques. In addition, second generation methods were quicker, associated with faster recovery
times, and associated with fewer adverse procedural
events and could be carried out under local anaesthesia. Fewer women subsequently underwent hysterectomy after second generation compared with first
generation endometrial destruction, but this difference
was not significant. Shorter uterine cavity length was
associated with lower levels of dissatisfaction for second generation endometrial destruction. Comparisons
of endometrial destruction with a levonorgestrel
releasing intrauterine system (Mirena) suggest comparable efficacy, although studies of Mirena were generally small and consequently imprecise. Substantial
discontinuation of use of Mirena was noted and
makes interpretation of findings for this treatment difficult. The primary outcome measure of dissatisfaction
with treatment was shown to be strongly related to
reduced quality of life.
Strengths and limitations
Access to data from individual patients enabled a more
rigorous analysis than is possible from published data.
We used optimal methods, complying with guidelines
on reporting of systematic reviews and metaanalyses.65 An extensive literature search was conducted, with no language restrictions, minimising the
risk of missing information. The collection of data from
individual patients allowed us to use previously unreported data, improve the assessment of study quality,
standardise outcome measures, undertake intention to
treat analysis, and use optimal analytical methods.
Subgroup, repeated measures, and multivariable analyses would not have been possible without the collection of individual data.
We were unable to retrieve individual data from at
least 35% of randomised women because researchers
did not agree to collaborate or could not be contacted.
The data that we did receive were sometimes incomplete and on occasions failed quality checks and so
were unusable. The review’s inferences are also limited by the inconsistent outcome measure used across
trials: studies involving endometrial destruction and
Mirena focused on comparing reduction in bleeding,
while hysterectomy trials focused on women’s satisfaction, quality of life, and use of resources.
BMJ | ONLINE FIRST | bmj.com
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Interpretation
We found that more women were dissatisfied after
endometrial destruction than after hysterectomy,
though this should be placed in context of longer operating time, total hospital stay, and recovery period for
hysterectomy. Rates of dissatisfaction were relatively
low for endometrial destruction, and it is an effective
alternative for women with abnormal uterine bleeding
who do not want amenorrhoea. While this review has
shown that hysterectomy is a relatively safe operation,
other studies with a more comprehensive follow-up of
large populations have shown higher levels of morbidity after hysterectomy.6 In contrast, endometrial
destruction has low rates of complication.66 All these
factors need to be taken into consideration when considering any potential benefit of hysterectomy.
We found that second generation techniques, such as
thermal balloon ablation (Thermachoice and
Cavaterm),46 67 68 the Novasure device,48 or microwave
(Microsulis),51 69 were at least as effective as first generation techniques. Moreover, they are simpler and
quicker, require less skill on the part of the operator,
and can be attempted under local anaesthetic. Importantly, fewer operative complications have been
recorded. Thus they are clearly preferable to first generation techniques. The association of shorter uterine
cavity and lower dissatisfaction with second generation
endometrial destruction could be because endoscopic
treatment is technically more difficult, though given
the borderline statistical significance it could also
have arisen by chance.
The comparisons involving Mirena were encouraging, and given that it is a relatively cheap and minimally invasive procedure, it could be considered first if
drug treatment for heavy bleeding fails.70 It could even
be an alternative to oral drug treatment as a first line
agent, but we did not examine this question in our
review. The current body of evidence comparing Mirena with more invasive techniques, however, is limited
and prohibits us making any strong conclusions about
the current findings of this treatment. Furthermore,
research on Mirena presents some specific difficulties
in interpretation because of the high proportion of
women discontinuing treatment. This can be seen in
the trial by Hurskainen et al,41 71 which compared Mirena with hysterectomy. While the study was well
Odds ratio
(95% CI)

Comparison

Odds ratio
(95% CI)

Hysterectomy v 1st generation

2.46 (1.54 to 3.93)

Hysterectomy v 2nd generation

2.32 (1.27 to 4.24)

Hysterectomy v Mirena

2.22 (0.94 to 5.29)

2nd generation v 1st generation

1.20 (0.88 to 1.62)

1st generation v Mirena

2.64 (0.56 to 12.5)

2nd generation v Mirena

0.76 (0.38 to 1.53)
0.2 0.5 1 2

5 10

Fig 6 | Summary of dissatisfaction at 12 months. Odds ratios
>1 indicate increased dissatisfaction for second treatment
listed. Dashed lines represent indirect estimates of odds
ratios
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conducted and reported, the lack of further investigation into the analysis of the primary outcome measure
(EuroQol EQ-5D) made the interpretation that there
was no evidence of a difference questionable. Of the
119 women allocated to Mirena, 24 (20%) had undergone hysterectomy before the main analysis time point
at 12 months, with a further 13 (11%) no longer using
the Mirena. Unfortunately, missing data from individual patients in this trial meant we could not investigate
further.
Implications for practice
Our review provides evidence that hysterectomy
reduces dissatisfaction compared with endometrial
destruction, and this information should be used as
part of consultation with women making a choice
about treatment options when initial drug treatment
fails to control heavy menstrual bleeding. Endometrial
destruction is satisfactory for a high proportion of
women, but, if complete cessation of bleeding is
sought, then hysterectomy could be offered. Although
the evidence is not strong, our findings concur with a
recent NICE recommendation that women should be
offered Mirena before more invasive procedures, particularly as this can be offered in primary care.11
Implications for research
Further investment in a randomised controlled trial
comparing hysterectomy with second generation
endometrial destruction would be of limited value,
given the similar efficacy of first and second generation
techniques. Questions remain about the long term clinical effectiveness of all the treatments; evidence from
trials with longer term follow-up (four years or more) is
limited to a handful of studies involving differing
comparisons.40 69 72 73 71 74 Mirena, in particular, versus
alternative forms of surgical treatment requires further
research. While the small studies included in this
review have indicated promising results for this treatment, the substantial levels of non-compliance make
interpretation of outcomes difficult and casts some
doubt on the equivalent efficacy conclusions. The
cost effectiveness of all these treatments is currently
being examined in a concurrent study. Issues such as
discontinuation of Mirena will be an important factor.
Meta-analysis of data from individual patients is an
extremely powerful tool if used correctly75 and provides the most definitive possible synthesis of the available evidence. Such collaborative meta-analyses are
well established in cancer research and have greatly
influenced clinical practice, resulting in striking
improvements in, for example, survival after breast
cancer.28 Clinicians in specialty groups, such as gynaecology, need to be aware that contributing data from
individual patients is certainly as important as conducting the original research, if not more so. Consensus on
optimal outcome measures would also be helpful for
meta-analysis.
We thank all authors of identified trials for sending us their trial data and
the British and European Societies of Gynaecological Endoscopy for their
support and help with the review.
page 9 of 11

RESEARCH

WHAT IS ALREADY KNOWN ON THIS TOPIC
Less invasive alternatives to hysterectomy for the treatment of heavy menstrual bleeding,
such as endometrial destruction and the levonorgestrel releasing intrauterine system
(Mirena), have become increasing popular
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WHAT THIS STUDY ADDS
More women are dissatisfied after first or second generation endometrial destruction
techniques than after hysterectomy, although rates are low after all treatments
Second generation non-hysteroscopic endometrial destruction techniques are preferable to
first generation techniques
Dissatisfaction with treatment in studies of heavy menstrual bleeding is associated with
reduced quality of life

8

9

10

11

Members of collaborative group
The following authors provided us with data on individual patients:
J Abbott, University of New South Wales, Sydney, Australia; J Barrington,
Torbay Hospital, South Devon; S Bhattacharya, University of Aberdeen,
Aberdeen Maternity Hospital, Aberdeen; M Y Bongers, Maxima Medical
Centre, Veldhoven, Netherlands; J-L Brun, Hopital Universitarie Pellegrin,
Bordeaux, France; R Busfield, data supplied by M Sowter, Auckland
Obstetric Centre, New Zealand; T J Clark, Birmingham Women’s Hospital,
Birmingham; J Cooper (2004 trial), data supplied by Microsulis Medical,
Hampshire; K G Cooper, Aberdeen Royal Infirmary, Aberdeen; S L Corson
(2001 trial), data supplied by Boston Scientific Corporation, Marlborough,
USA; K Dickersin, John Hopkins Bloomberg School of Public Health, USA;
N Dwyer, Weston General Hospital, Weston Super Mare; M Gannon,
Midland Regional Hospital, Mullingar, Ireland; J Hawe, Countess of
Chester Hospital, Chester; R Hurskainen, University of Helsinki, Finland;
W R Meyer, data supplied by Ethicon, Johnson and Johnson, New Jersey,
USA; H O’Connor, Coombe Women’s Hospital, Dublin 8, Ireland; S Pinion,
Aberdeen Royal Infirmary, Aberdeen; A M Sambrook, Aberdeen Royal
Infirmary, Aberdeen; W H Tam, Chinese University of Hong Kong, Prince
of Wales Hospital, Hong Kong, China; I A A van Zon-Rabelink, Medical
Spectrum Twente, Enschede, Netherlands; E Zupi, Tor Vergata University,
Rome, Italy
Contributors: KSK, JPD, and SB conceived the idea for the review and, with
KC, RG, RC, and LJM, developed the protocol. JPD and RC carried out
literature searches and retrieved the identified papers. RC acted as the
group secretariat for the collection and amalgamation of individual
patient data. RC and LJM were first and second reviewers for data
extraction for trials where individual patient data were not available. JPD
acted as the third reviewer, if consensus couldn’t be reached between RC
and LJM. RC and JPD were first and second reviewers for the trial quality
data extraction. NHH developed the master database. LJM performed the
statistical analysis and wrote the initial draft of the manuscript and all
subsequent drafts with input from the other members of the writing
committee (RC, JPD, SB, KC, NHH, RG, POD, MG, and KSK) and remainder
of the collaborative group. LM and KSK are guarantors.
Funding: This review was funded by the Health Technology Assessment
Programme of the National Institute for Health Research (05/45/02).
Competing interests: All authors have completed the Unified Competing
Interest form at www.icmje.org/coi_disclosure.pdf (available on request
from the corresponding author) and declare: no support from any
institution for the submitted work; no financial relationships with any
institutions that might have an interest in the submitted work in the
previous 3 years; no other relationships or activities that could appear to
have influenced the submitted work. SB, KC, POD, and MG were authors
of papers included in the review.
Ethical approval: Not required.
Data sharing: No additional data available.
1

2
3

4

page 10 of 11

Shapley M, Jordan K, Croft PR. An epidemiological survey of
symptoms of menstrual loss in the community. Br J Gen Pract
2004;54:359-63.
Chapple A. Menorrhagia: women’s perceptions of this condition and
its treatment. J Adv Nurs 1999;29:1500-6.
Prentice A. Health care implications of dysfunctional uterine
bleeding. Baillieres Best Pract Res Clin Obstet Gynaecol
1999;13:181-8.
Lethaby A, Farquhar C. Treatments for heavy menstrual bleeding. BMJ
2003;327:1243-4.

12

13

14
15
16

17

18

19

20

21

22

23
24
25

26

27

28
29

30
31
32

33

Maresh MJA, Metcalfe MA, McPherson K, Overton C, Hall V,
Hargreaves J. The VALUE national hysterectomy study: description of
the patients and their surgery. Br J Obstet Gynaecol
2002;109:302-12.
Abbott J, Garry R. The surgical management of menorrhagia. Hum
Reprod Update 2002;8:78.
Reid PC, Mukri F. Trends in number of hysterectomies performed in
England for menorrhagia: examination of health episode statistics,
1989 to 2002-3. BMJ 2005;330:938-9.
Reid PC. Endometrial ablation in England—coming of age? An
examination of hospital episode statistics 1989/1990 to 2004/
2005. Eur J Obstet Gynecol Reprod Biol 2007;135:191-4.
Lethaby AE, Cooke I, Rees M. Progesterone or progestogen-releasing
intrauterine systems for heavy menstrual bleeding. Cochrane
Database Syst Rev 2005;4:CD002126.
National Collaborating Centre for Women’s and Children’s Health.
Heavy menstrual bleeding. 2007. www.ncc-wch.org.uk/guidelines/
guidelines-programme/guidelines-programme-published/heavymenstrual-bleeding.
Lethaby A, Sheppard S, Cooke I, Farquhar C. Endometrial resection
and ablation versus hysterectomy for heavy menstrual bleeding.
Cochrane Database Syst Rev 1999;2:CD000329.
Lethaby A, Hickey M, Garry R. Endometrial destruction techniques for
heavy menstrual bleeding. Cochrane Database Syst Rev
2005;4:CD001501.
Marjoribanks J, Lethaby A, Farquhar C. Surgery versus medical
therapy for heavy menstrual bleeding. Cochrane Database Syst Rev
2006;2:CD003855.
Stewart LA, Parmar MK. Meta-analysis of the literature or of individual
patient data: is there a difference? Lancet 1993;341:418-22.
Higgins JPT, Green S. Cochrane handbook for systematic reviews of
interventions. Version 5.0.1. Cochrane Collaboration, 2008.
Stewart LA, Tierney JF. To IPD or not to IPD? Advantages and
disadvantages of systematic reviews using individual patient data.
Eval Health Prof 2002;25:76-97.
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP,
et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate health care interventions:
explanation and elaboration. J Clin Epidemiol 2009;62:e1-34.
Zupi E, Zullo F, Marconi D, Sbracia M, Pellicano M, Solima E, et al.
Hysteroscopic endometrial resection versus laparoscopic
supracervical hysterectomy for menorrhagia: a prospective
randomized trial. Am J Obstet Gynecol 2003;188:7-12.
Corson SL. A multicenter evaluation of endometrial ablation by Hydro
ThermAblator and rollerball for treatment of menorrhagia. J Am Assoc
Gynecol Laparosc 2001;8:359-67.
Crosignani PG, Vercellini P, Mosconi P, Oldani S, Cortesi I, De
Giorgi O. Levonorgestrel-releasing intrauterine device versus
hysteroscopic endometrial resection in the treatment of
dysfunctional uterine bleeding. Obstet Gynecol 1997;90:257-63.
Barrington JW, Arunkalaivanan AS, Abdel-Fattah M. Comparison
between the levonorgestrel intrauterine system (LNG-IUS) and
thermal balloon ablation in the treatment of menorrhagia. Eur J
Obstet Gynecol Reprod Biol 2003;108:72-4.
Clark TJ, Khan KS, Foon R, Pattison H, Bryan S, Gupta JK. Quality of life
instruments in studies of menorrhagia: a systematic review. Eur J
Obstet Gynecol Reprod Biol 2002;104:96-104.
Higham JM, O’Brien PM, Shaw RW. Assessment of menstrual blood
loss using a pictorial chart. Br J Obstet Gynaecol 1990;97:734-9.
EuroQol Group. EuroQol—a new facility for the treatment of healthrelated quality of life. Health Policy 1990;16:199-208.
Ware JE, Sherbourne CD. The MOS 36-item short-form health survey
(SF-36), I: conceptual framework and item selection. Med Care
1992;30:473-83.
Riley RD, Lambert PC, Staessen JA, Wang J, Gueyffier F, Thijs L, et al.
Meta-analysis of continuous outcomes combining individual patient
data and aggregate data. Stat Med 2008;27:1870-93.
Early Breast Cancer Trialists’ Collaborative Group. Treatment of early
breast cancer: worldwide evidence, 1985-1990. Oxford University
Press, 1990.
Higgins JPT, Thompson SG, Deeks JD, Altman DG. Measuring
inconsistency in meta-analysis. BMJ 2003;327:557-60.
Peto R, Pike MC, Armitage P, Breslow NE, Cox DR, Howard SV, et al.
Design and analysis of randomized clinical trials requiring prolonged
observation of each patient. II. Analysis and examples. Br J Cancer
1977;35:1-39.
Fleiss JL. The statistical basis of meta-analysis. Stat Methods Med Res
1993;2:121-45.
Zeger SL, Liang KY. Longitudinal data analysis for discrete and
continuous outcomes. Biometrics 1986;42:121-30.
Glenny AM, Altman DG, Song F, Sakarovitch C, Deeks JJ, D’Amico R,
et al. Indirect comparisons of competing interventions. Health
Technol Assess 2005;9:1-iv.
Hasselblad V. Meta-analysis of multitreatment studies. Med Decis
Making 1998;18:37-43.
BMJ | ONLINE FIRST | bmj.com

RESEARCH

34 Whitehead A. Meta-analysis of controlled clinical trials. Wiley, 2002.
35 Crosignani PG, Vercellini P, Apolone G, De Giorgi O, Cortesi I,
Meschia M. Endometrial resection versus vaginal hysterectomy for
menorrhagia: long-term clinical and quality-of-life outcomes. Am J
Obstet Gynecol 1997;177:95-101.
36 Dwyer N, Hutton J, Stirrat GM. Randomised controlled trial comparing
endometrial resection with abdominal hysterectomy for the surgical
treatment of menorrhagia. Br J Obstet Gynaecol 1993;100:237-43.
37 Gannon M, Holt EM, Fairbank J, Fitzgerald M, Milne MA, Crystal AM,
et al. A randomised control trial comparing endometrial resection
and abdominal hysterectomy for the treatment of menorrhagia. BMJ
1991;303:1362-4.
38 O’Connor H, Broadbent JA, Magos AL, McPherson K. Medical
Research Council randomised trial of endometrial resection versus
hysterectomy in the management of menorrhagia. Lancet
1997;349:891-901.
39 Pinion SB, Parkin DE, Abramovich DR, Naji A, Alexander DA,
Russell IT. Randomised trial of hysterectomy, endometrial laser
ablation, and transcervical endometrial resection for dysfunctional
uterine bleeding. BMJ 1994;309:979-83.
40 Dickersin K, Munro MG, Clark M, Langenberg P, Scherer R, Frick K,
et al. Hysterectomy compared with endometrial ablation for
dysfunctional uterine bleeding: a randomized controlled trial. Obstet
Gynecol 2007;110:1279-89.
41 Hurskainen R, Teperi J, Rissanen P, Aalto AM, Grenman S, Kivela A.
Quality of life and cost-effectiveness of levonorgestrel-releasing
intrauterine system versus hysterectomy for treatment of
menorrhagia: a randomised trial. Lancet 2001;357:273-7.
42 Hawe J, Abbott J, Hunter D, Phillips G, Garry R. A randomised
controlled trial comparing the Cavaterm endometrial ablation system
with the Nd:YAG laser for the treatment of dysfunctional uterine
bleeding. Br J Obstet Gynaecol 2003;110:350-7.
43 Van Zon-Rabelink IA, Vleugels MPH, Merkus HMWM, de Graaf R.
Efficacy and satisfaction rate comparing endometrial ablation by
rollerball electrocoagulation to uterine balloon thermal ablation in a
randomised controlled trial. Eur J Obstet Gynecol Reprod Biol
2004;114:97-103.
44 Soysal ME, Soysal SK, Vicdan K. Thermal balloon ablation in myomainduced menorrhagia under local anesthesia. Gynecol Obstet Invest
2001;51:128-33.
45 Romer T. Therapy of recurrent menorrhagia—Cavaterm balloon
coagulation versus roller-ball endometrium coagulation—a
prospective randomized comparative study. Zentralbl Gynakol
1998;120:511-4.
46 Meyer WR, Walsh BW, Grainger DA, Peacock LM, Loffer FD, Steege JF.
Thermal balloon and rollerball ablation to treat menorrhagia: a
multicenter comparison. Obstet Gynecol 1998;92:98-103.
47 Duleba AJ, Heppard MC, Soderstrom RM, Townsend DE. A
randomized study comparing endometrial cryoablation and
rollerball electroablation for treatment of dysfunctional uterine
bleeding. J Am Assoc Gynecol Laparosc 2003;10:17-26.
48 Cooper J, Gimpelson R, Laberge P, Galen D, Garza-Leal JG, Scott JA.
Randomised, multicenter trial of safety and efficacy of the NovaSure
system in the treatment of menorrhagia. J Am Assoc Gynecol
Laparosc 2002;9:418-28.
49 Cooper J, Anderson TL, Fortin CA, Jack SA, Plentl MB. Microwave
endometrial ablation vs rollerball electroablation for menorrhagia: a
multicenter randomized trial. J Am Assoc Gynecol Laparosc
2004;11:394-403.
50 Perino A, Castelli A, Cucinella G, Bionda A, Pane A, Venezia R. A
randomized comparison of endometrial laser intrauterine
thermotherapy and hysteroscopic endometrial resection. Fertil Steril
2004;82:731-4.
51 Cooper KG, Bain C, Parkin DE. Comparison of microwave endometrial
ablation and transcervical resection of the endometrium for
treatment of heavy menstrual loss: a randomised trial. Lancet
1999;354:1859-63.
52 Corson SL, Brill AI, Brooks PG, Cooper JM, Indman PD, Liu JH, et al.
One-year results of the vesta system for endometrial ablation. J Am
Assoc Gynecol Laparosc 2000;7:489-97.
53 Pellicano M, Guida M, Acunzo G, Cirillo D, Bifulco G, Nappi C.
Hysteroscopic transcervical endometrial resection versus thermal
destruction for menorrhagia: a prospective randomized trial on
satisfaction rate. Am J Obstet Gynecol 2002;187:545-50.
54 Brun JL, Burlet G, Galand B, Quereux C, Bernard P. Cavaterm thermal
balloon endometrial ablation versus hysteroscopic endometrial
resection to treat menorrhagia: the French, multicenter, randomized
study. J Minim Invasive Gynecol 2006;13:424-30.
55 Malak KA. Management of menorrhagia with the levonorgestrel
intrauterine system versus endometrial resection. Gynaecol Surg
2006;3:275-80.
BMJ | ONLINE FIRST | bmj.com

56 Kittelsen N, Istre O. A randomized study comparing levonorgestrel
intrauterine system (LNG IUS) and transcervical resection of the
endometrium (TCRE) in the treatment of menorrhagia: preliminary
results. Gynaecol Endosc 1998;7:61-5.
57 Soysal M, Soysal S, Ozer S. A randomized controlled trial of
levonorgestrel releasing IUD and thermal balloon ablation in the
treatment of menorrhagia. Zentralbl Gynakol 2002;124:213-9.
58 Busfield RA, Farquhar CM, Sowter MC, Lethaby A, Sprecher M, Yu Y,
et al. A randomised trial comparing the levonorgestrel intrauterine
system and thermal balloon ablation for heavy menstrual bleeding.
Br J Obstet Gynaecol 2006;113:257-63.
59 Shaw RW, Symonds IM, Tamizian O, Chaplain J, Mukhopadhyay S.
Randomised comparative trial of thermal balloon ablation and
levonorgestrel intrauterine system in patients with idiopathic
menorrhagia. Aust N Z J Obstet Gynaecol 2007;47:335-40.
60 Tam WH, Yuen PM, Shan Ng DP, Leung PL, Lok IH, Rogers MS. Health
status function after treatment with thermal balloon endometrial
ablation and levnonorgestrel intrauterine system for idiopathic
menorrhagia: a randomised study. Gynecol Obstet Invest
2006;62:84-8.
61 Abbott J, Hawe J, Hunter D, Garry R. A double-blind randomized trial
comparing the Cavaterm and the NovaSure endometrial ablation
systems for the treatment of dysfunctional uterine bleeding. Fertil
Steril 2003;80:203-8.
62 Bhattacharya S, Cameron IM, Parkin DE, Abramovich DR, Mollison J,
Pinion SB, et al. A pragmatic randomised comparison of transcervical
resection of the endometrium with endometrial laser ablation for the
treatment of menorrhagia. Br J Obstet Gynaecol 1997;104:601-7.
63 Bongers MY, Bourdrez P, Mol BW, Heintz AP, Brolmann HA.
Randomised controlled trial of bipolar radio-frequency endometrial
ablation and balloon endometrial ablation. Br J Obstet Gynaecol
2004;111:1095-102.
64 Sambrook AS, Cooper KG, Campbell MK, Cook JA. Clinical outcomes
from a randomised comparison of microwave endometrial ablation
with thermal balloon endometrial ablation for the treatment of heavy
menstrual bleeding. Br J Obstet Gynaecol 2009;116:1038-45.
65 Moher D, Cook DJ, Eastwood S, Olkin I, Rennie D, Stroup DF.
Improving the quality of reports of meta-analyses of randomised
controlled trials: the QUOROM statement. QUality Of Reporting Of
Meta-analyses. Lancet 1999;354:1896-900.
66 Overton C, Hargreaves J, Maresh M. A national survey of the
complications of endometrial destruction for menstrual disorders:
the MISTLETOE study. Minimally Invasive Surgical Techniques—
Laser, EndoThermal Or Endoresection. Br J Obstet Gynaecol
1997;104:1351-9.
67 Loffer FD. Three-year comparison of thermal balloon and rollerball
ablation in treatment of menorrhagia. J Am Assoc Gynecol Laparosc
2001;8:48-54.
68 Loffer FD, Grainger D. Five-year follow-up of patients participating in a
randomised trial of uterine balloon therapy versus rollerball ablation
for treatment of menorrhagia. J Am Assoc Gynecol Laparosc
2002;9:429-35.
69 Cooper KG, Bain C, Lawrie L, Parkin DE. A randomised comparison of
microwave endometrial ablation with transcervical resection of the
endometrium; follow up at a minimum of five years. Br J Obstet
Gynaecol 2005;112:470-5.
70 Brown PM, Farquhar CM, Lethaby A, Sadler LC, Johnson NP. Costeffectiveness analysis of levonorgestrel intrauterine system and
thermal balloon ablation for heavy menstrual bleeding. Br J Obstet
Gynaecol 2006;113:797-803.
71 Hurskainen R, Teperi J, Rissanen P, Aalto AM, Grenman S, Kivela A,
et al. Clinical outcomes and costs with the levonorgestrel-releasing
intrauterine system or hysterectomy for treatment of menorrhagia:
randomized trial 5-year follow-up. JAMA 2004;291:1456-63.
72 Cooper KG, Jack SA, Parkin DE, Grant AM. Five-year follow up of
women randomised to medical management or transcervical
resection of the endometrium as treatment for heavy menses. Br J
Obstet Gynaecol 2001;108:1222-8.
73 Sambrook AM, Bain C, Parkin DE, Cooper KG. A randomised
comparison of microwave endometrial ablation with transcervical
resection of the endometrium: follow up at a minimum of 10 years. Br
J Obstet Gynaecol 2009;116:1033-7.
74 Sambook AM, Bain C, Parkin DE, Cooper KG. A randomised
comparison of microwave endometrial ablation with transcervical
resection of the endometrium: follow up at a minimum of 10 years. Br
J Obstet Gynaecol 2009;116:1033-7.
75 Stewart LA, Clarke MJ. Practical methodology of meta-analyses
(overviews) using updated individual patient data. Cochrane
Working Group. Stat Med 1995;14:2057-79.

Accepted: 6 June 2010
page 11 of 11

