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Reliability of Laparoscopic Compared With
Hysteroscopic Sterilization at 1 Year
A Decision Analysis

Aileen M. Gariepy, MD, MPH, Mitchell D. Creinin, MD, Eleanor B. Schwarz, MD, MS,
and Kenneth J. Smith, MD, MS

OBJECTIVE: To estimate the probability of successful
sterilization after an hysteroscopic or laparoscopic steril-
ization procedure.

METHODS: An evidence-based clinical decision analysis
using a Markov model was performed to estimate the
probability of a successful sterilization procedure using
laparoscopic sterilization, hysteroscopic sterilization in
the operating room, and hysteroscopic sterilization in the
office. Procedure and follow-up testing probabilities for
the model were estimated from published sources.

RESULTS: In the base case analysis, the proportion of
women having a successful sterilization procedure on the
first attempt is 99% for laparoscopic sterilization, 88% for
hysteroscopic sterilization in the operating room, and
87% for hysteroscopic sterilization in the office. The
probability of having a successful sterilization procedure
within 1 year is 99% with laparoscopic sterilization, 95%
for hysteroscopic sterilization in the operating room, and
94% for hysteroscopic sterilization in the office. These
estimates for hysteroscopic success include approxi-
mately 6% of women who attempt hysteroscopically but
are ultimately sterilized laparoscopically. Approximately

5% of women who have a failed hysteroscopic attempt
decline further sterilization attempts.

CONCLUSION: Women choosing laparoscopic steriliza-
tion are more likely than those choosing hysteroscopic
sterilization to have a successful sterilization procedure
within 1 year. However, the risk of failed sterilization and
subsequent pregnancy must be considered when choos-
ing a method of sterilization.
(Obstet Gynecol 2011;118:273–9)
DOI: 10.1097/AOG.0b013e318224d4d2

Female sterilization is one of the most commonly
used methods of contraception. Of the 38.2

million U.S. women using a form of contraceptive
between 2006 and 2008, 27% used female steriliza-
tion.1 Although this proportion has been stable
since 1988, the methods used to achieve steriliza-
tion have changed.2

Hysteroscopic sterilization has been commer-
cially available since 2002. Advantages of hystero-
scopic sterilization include that it is a nonincisional
method, avoids abdominal entry (which may be
especially important in women with adhesions or
comorbidities), can be performed as an office proce-
dure, and avoids general anesthesia. A 6-year review
of sterilization trends at a U.S. academic medical
center from 2002–2006 showed a 50% decline in both
laparoscopic sterilization and postpartum steriliza-
tions and a corresponding 50% increase in hystero-
scopic sterilization.3 According to the manufacturer of
Essure, the most popular hysteroscopic sterilization
system, approximately 310,000 devices have been
placed as of 2010.4

However, unlike laparoscopic sterilization, which
conveys immediate reliability, hysteroscopic steriliza-
tion is a multistep process in which the hysteroscopic
sterilization procedure is followed by a confirmatory
hysterosalpingogram performed at least 3 months

From the Department of Obstetrics, Gynecology, and Reproductive Sciences, the
Department of Medicine, Division of General Internal Medicine, and the
Department of Medicine, Section of Decision Sciences and Clinical Systems
Modeling, University of Pittsburgh School of Medicine; the Center for Family
Planning Research, Magee-Womens Research Institute; and the Department of
Epidemiology, University of Pittsburgh Graduate School of Public Health,
Pittsburgh, Pennsylvania.

Funded by an anonymous foundation. Eleanor B. Schwarz was funded by National
Institute of Child Health and Human Development grant K23 HD051585.

Presented as a poster at the Society for Medical Decision Making, Toronto,
Canada, October 25–27, 2010.

Corresponding author: Aileen M. Gariepy, MD, MPH, Department of Obstet-
rics, Gynecology, and Reproductive Sciences, Yale University of Medicine, 333
Cedar Street, New Haven, CT 06520; e-mail: aileen.gariepy@yale.edu.

Financial Disclosure
The authors did not report any potential conflicts of interest.

© 2011 by The American College of Obstetricians and Gynecologists. Published
by Lippincott Williams & Wilkins.
ISSN: 0029-7844/11

VOL. 118, NO. 2, PART 1, AUGUST 2011 OBSTETRICS & GYNECOLOGY 273



after the initial procedure to prove bilateral tubal
occlusion before women can rely on this method of
contraception.5 For women without occlusion but
with devices present, an additional hysterosalpingo-
gram may be indicated 3 months later. Alternative
contraception must be used until occlusion is proven.
Each step of this process introduces a chance of
finding that the procedure failed, of noncompliance
with use of alternative contraception, or loss to follow-
up. Failed attempts at hysteroscopic sterilization can
subject women to multiple procedures, a delay in
achieving sterilization, and increase the risk of unin-
tended pregnancy.

Current published assessments of hysteroscopic
sterilization success do not adequately address these
complex issues. Reported success rates often exclude
women who failed initial microinsert placement or
did not return for hysterosalpingogram, thereby
falsely elevating the percentages of successful steril-
ization. Accordingly, we performed an evidence-
based decision analysis that includes these complexi-
ties to better estimate the likelihood of a successful
sterilization procedure after hysteroscopic steriliza-
tion or laparoscopic sterilization.

MATERIALS AND METHODS
We developed an evidence-based Markov decision
model (Fig. 1) to compare the probability of a suc-
cessful sterilization procedure through three strate-
gies: laparoscopic sterilization, hysteroscopic steriliza-

tion in the operating room, and hysteroscopic
sterilization in the office setting. The Markov model,
using monthly cycles, contains health states and tran-
sition probabilities between those states correspond-
ing to differing paths that could occur with each
strategy, including the probabilities of successful ster-
ilization, of follow-up procedures (and their out-
comes), and of proceeding with alternative proce-
dures (and their success) if prior procedures were
unsuccessful.

The primary objective of the model was to esti-
mate the probability of successful sterilization after
hysteroscopic sterilization or laparoscopic steriliza-
tion based on available data. Hysteroscopic steriliza-
tion and laparoscopic sterilization success were de-
fined in accordance with standard clinical practice. A
successful hysteroscopic sterilization procedure was
defined as having bilateral blockage of fallopian tubes
on follow-up hysterosalpingogram evaluation. A suc-
cessful laparoscopic sterilization procedure was de-
fined as physical obstruction of the fallopian tubes at
the time of surgery.

For the model, women were maintained in
groups based on the original attempted procedure.
Thus, women in hysteroscopic sterilization strategies
who ultimately received laparoscopic sterilization
were counted as an hysteroscopic sterilization success,
biasing against the laparoscopic sterilization strategy.
Cohorts were followed for 1 year. Standard decision
analysis software was used (TreeAge Pro Suite 2009).
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Fig. 1. The Markov model for
probability of a successful steril-
ization procedure using the lapa-
roscopic compared with the hys-
teroscopic approach.
Gariepy. Laparoscopic and
Hysteroscopic Sterilization. Obstet
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Procedure and follow-up testing probabilities
were estimated from published sources (Table 1).
This model used data pertaining to Essure hystero-
scopic sterilization only as a result of its dominance
of the market. The major sources for base case values
(and the ranges of lowest and highest reasonable
values) were identified through a comprehensive lit-
erature search of all pertinent studies in English in
PubMed and Ovid (last searched April 13, 2011) and
by reviewing the bibliographies of identified refer-
ences. All published studies that reported more than

50 patients were included. However, some studies did
not provide complete information for every outcome
in the model. The base case values and ranges used
in the model as well as the studies referenced to prov-
ide this information are described in Table 1. The
values themselves are a mathematical average of the
results from the referenced studies. When data were
missing from published literature, we used data from
our own practice’s active database, which was initi-
ated in July 2003. Outcome data from studies that did
not evaluate the success of hysteroscopic sterilization

Table 1. Parameter Values Used in the Model

Probability of
Baseline

Value (%) Range (%)
Reference or
Assumption

Laparoscopic sterilization
Successful LS 99–100 99–100 6, 7
Choose HS in OR if LS failed 20 10–50 Expert opinion
Major complication 1 0.098–1.7 7–11
Minor complication 0.5 0.26–1 10, 11
Probability of death 0 7, 8, 12

HS in OR
Successful coil placement on first attempt 90 85–95 12–19
Major complication 0.13 0–0.4 12, 14, 16
Minor complication 5 4–7 12–14, 16
Choose second OR procedure 70 41–100 13, 17–19
Choose LS after one failed HS in OR 83 67–100 13, 17–19
Successful coil placement on second attempt 84 67–100 12, 13, 17, 19
Probability of death 0 12

HS in office
Successful coil placement on first HS attempt 90 76–96 6, 15, 20–23
Major complication 0 20, 24, 25
Minor complication 5 2–8 20, 24, 25
Choose second procedure after one failed 70 21–100 6, 20, 24
Choose HS 33 0– 67 20, 24
Successful coil placement on second attempt 80 67–100 6, 20, 22
Probability of death 0 15

HSG outcomes
Returning for HSG at 3 mo 69 13–94 6, 13, 18, 21, 23, 24
HSG: coils present 97 95–99 12, 14, 16, 24
HSG: blockage at 3 mo 96 84–100 6, 12–14, 16, 21, 23, 24
Returning for HSG at 6 mo 69 13–94 Assume same as for 3 mo
HSG: blockage at 6 mo 98 93–100 12–14, 24
Assumed sterile if do not return for HSG 96 84–99 Assume same as for women

who do return at 3 and 6 mo
If HSG at 3 mo shows nonocclusion

Initial procedure in OR
Choosing another procedure 30 Practice database
Choosing second HS in OR 50 Practice database
Occlusion with second HS in OR 73 45–100 16, Practice database

Initial procedure in office
Choosing another procedure Assume same as OR
Choosing second HS in office Assume same as OR
Occlusion with second HS in office Assume same as OR

If two failed HS attempts
LS after two failed HS in OR 87 16, Practice database
LS after two failed HS in office 100 20

LS, laparoscopic sterilization; HS, hysteroscopic sterilization; OR, operating room; HSG, hysterosalpingogram.

VOL. 118, NO. 2, PART 1, AUGUST 2011 Gariepy et al Laparoscopic and Hysteroscopic Sterilization 275



using hysterosalpingogram, as required by the U.S.
Food and Drug Administration (FDA), were not
included in this analysis.

Follow-up rates of hysterosalpingogram at 3
months vary widely (Table 1) with the highest fol-
low-up rates reported in the original hysteroscopic
sterilization clinical trials performed by the manufac-
turer. The base case values used in this analysis were
limited to subsequent case series or cohort analyses in
an effort to avoid bias. However, we did include the
manufacturer’s follow-up rates of 98% to 100% in the
sensitivity analyses.12,14,16

In the absence of published data, the following
assumptions were made for the model: 1) 20% of
women who failed laparoscopic sterilization would
accept hysteroscopic sterilization; 2) the probability of
choosing another hysteroscopic sterilization procedure
after one failed hysteroscopic sterilization (defined as a
negative hysterosalpingogram) would be the same after
hysteroscopic sterilization performed in the operating
room or office; 3) the probability of choosing a repeat
hysteroscopic sterilization procedure (as opposed to
choosing a laparoscopic sterilization procedure) after a
failed hysteroscopic sterilization in the office (defined as
a negative hysterosalpingogram) would be the same as is
reported for the operating room; 4) a second hystero-
scopic sterilization had similar success regardless of
operating room or office location; 5) the probability of
returning for hysterosalpingogram at 6 months is similar
to the probability at 3 months; 5) women would not
want a third hysteroscopic sterilization attempt; and 6)
hysteroscopic sterilization success was identical whether
or not women completed follow-up testing.

A schematic diagram of the Markov model is
shown in Figure 1. Sterilization through laparoscopic
sterilization, hysteroscopic sterilization in the operat-
ing room, and hysteroscopic sterilization in the office
setting were tested in identical hypothetical cohorts of
women. Complications related to hysteroscopic ster-
ilization and laparoscopic sterilization are also in-
cluded in the model but are not shown in Figure 1.
Using published data, the model also calculates the
number of women who pursue a second or third
attempt after a failed sterilization and the number of
women who stop pursuing sterilization after one
failed attempt. One-way sensitivity analysis was per-
formed for the reasonable range of values identified
for all parameters.

RESULTS
In the base case analysis, the percentage of women
able to rely on their method of sterilization at 3
months postprocedure (without having any other

procedures done) is 99% for laparoscopic sterilization,
86% for hysteroscopic sterilization in the operating
room, and 85% for hysteroscopic sterilization in the
office. The reliance rate at 6 months postprocedure
(without having any other procedures done) is 99%,
88%, and 87%, respectively.

The probability of having any successful steriliza-
tion procedure within 1 year is 99% for women
starting with laparoscopic sterilization, 95% for
women starting with hysteroscopic sterilization in the
operating room, and 94% for women starting with
hysteroscopic sterilization in the office. However, the
method by which the woman was ultimately sterilized
sometimes differs from the method initially chosen. In
the base case analysis, 7.0% and 5.3% of women who
undergo an initial hysteroscopic sterilization proce-
dure in the operating room or office, respectively,
actually achieve sterilization through laparoscopic
sterilization. Of the women who experienced one
failed attempt at an hysteroscopic sterilization proce-
dure, approximately 5% will decline any further
sterilization attempts.

In sensitivity analyses, we found that the model is
most strongly influenced by the high probability of
success with laparoscopic sterilization (Fig. 2). How-
ever, even if the model is biased against laparoscopic
sterilization by using the highest probability of success
for hysteroscopic sterilization (97.9% for hystero-
scopic sterilization in the operating room and 97.2%
for hysteroscopic sterilization in the office) and the
lowest probability of success for laparoscopic steril-
ization (98.3%), we found that laparoscopic steriliza-
tion would still outperform hysteroscopic sterilization
and 0.4% more women would have successful steril-
ization procedures if they initially chose laparoscopic
sterilization. In contrast, if we use the highest proba-
bility of success for laparoscopic sterilization (99.6%)
and the lowest for hysteroscopic sterilization (89.5%
for hysteroscopic sterilization in the office), the differ-
ence in successful sterilization procedures within 1
year is as large as 10%.

DISCUSSION
Women seeking permanent sterilization deserve an
accurate assessment of the likelihood of success for
both hysteroscopic sterilization and laparoscopic ster-
ilization. The time required to achieve sterilization
before women can rely on it must also be included as
part of the informed consent process. According to
this model, 85–86% of women who chose hystero-
scopic sterilization will have a successful sterilization
procedure by 3 months. This finding is consistent with
the results from the Essure Pivotal clinical trial.26
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By 12 months, 95% of women who chose hyster-
oscopic sterilization in the operating room will have a
successful sterilization procedure. However, the addi-
tional percentage gained by 1 year is mostly the result
of subsequent successful sterilization through laparo-
scopic sterilization. Seven percent of women choosing
hysteroscopic sterilization in the operating room and
5% of women choosing hysteroscopic sterilization in
the office will ultimately require laparoscopic steril-
ization to be sterilized and may only reach their goal
of sterilization after multiple attempts at microinsert
placement, hysterosalpingograms, office visits, time
missed from work, insurance copays, and need for
other reliable interim contraception.

In the base case analysis, the large majority of
women choosing hysteroscopic sterilization in the
office or operating room will have a successful steril-
ization procedure. However, women choosing hyster-
oscopic sterilization are less likely to have a successful
sterilization procedure than women choosing laparo-
scopic sterilization. In this analysis, this difference in
success rates between the two approaches could be as
large as 10%, although the true difference will vary by
patient population.

In the United States, 345,000 women undergo
sterilization annually.1 If all female sterilizations in the
United States were performed only by hysteroscopic

sterilization, this model predicts that approximately
31,050 women would not achieve actual sterilization
within 1 year of their initial hysteroscopic sterilization
procedure. This estimate is comprised of the 5% of
women who experience one failed attempt at hystero-
scopic sterilization and decline any further sterilization
attempts and the 4% of women (99% minus 95%) who
do not achieve sterilization by hysteroscopic steril-
ization as compared with those choosing laparo-
scopic sterilization.

Failed attempts at sterilization can result in unin-
tended pregnancies. In a recent analysis of outcomes
after unfulfilled postpartum sterilization, the risk of
pregnancy within 1 year was twice that of women not
requesting sterilization.27

Failed sterilizations resulting in unintended preg-
nancy can also occur after a successful procedure. Data
on pregnancy after successful hysteroscopic sterilization
are reported to be zero by the manufacturer of Essure
and are currently limited to case reports. For laparo-
scopic sterilization, the CREST (Collaborative Re-
view of Sterilization) study showed a cumulative
pregnancy rate at 1 year of 0.68%.28 At 1 year, if we
assume a pregnancy rate of zero after hysteroscopic
sterilization and 0.68% after laparoscopic steriliza-
tion, the likelihood of being able to rely on steril-
ization at 1 year is still lower with hysteroscopic
sterilization than laparoscopic sterilization.

The Adiana system, another multistep method of
hysteroscopic sterilization, was approved by the FDA
in 2009. In the pivotal clinical trial for Adiana, the
number of patients able to ultimately rely on Adiana
at 1 year after placement was similar to that reported
for Essure.29 Thus, the findings of this model are likely
applicable to Adiana.

This model and its findings are limited by the
uncertainty of the data it is based on. The biggest
limitation of published hysteroscopic sterilization data
is that the majority comes from observational case
series or cohort designs and the lack of any random-
ized trials directly comparing hysteroscopic steriliza-
tion and laparoscopic sterilization.30 Published studies
are also limited by low follow-up rates and possible
conflicts of interest because most hysteroscopic ster-
ilization studies are performed by the manufac-
turer.12,16 Also, we could not incorporate the results of
5 years of postapproval data collection that were
presented by the manufacturer to the FDA in the
spring of 2010 because they have not been published
(as of PubMed and Ovid search April 13, 2011).

Limitations with published laparoscopic steriliza-
tion data do not take into account women who were
never offered laparoscopic sterilization as a result of
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comorbid conditions that were relative contraindica-
tions for general anesthesia or Trendelenburg posi-
tioning required for laparoscopic sterilization or as a
result of knowledge of significant adhesive disease.
Although the same argument could be applied to
women who were not offered hysteroscopic steriliza-
tion, the absolute and relative contraindications to
hysteroscopic sterilization are less frequently encoun-
tered than for laparoscopic sterilization.

However, contraindications to hysteroscopic ster-
ilization may be difficult to identify preoperatively.
According to the package insert, Essure should not be
used for any patient “for whom only one micro-insert
can be placed (including patients with apparent con-
tralateral proximal tubal occlusion and patients with a
suspected unicornuate uterus).”31 Uterine anomalies
and tubal scarring are often asymptomatic.

Comparative trials are needed to assess true long-
term efficacy and costs of hysteroscopic sterilization.
Reported success rates for hysteroscopic sterilization
that exclude patients who failed bilateral microinsert
placement, failed to return for hysterosalpingogram, or
were ultimately sterilized by laparoscopic sterilization
are disingenuous. For physicians and patients, reporting
of hysteroscopic sterilization success rates must include
the actual number of women who can truly rely on the
method for its desired effect. We plan further analyses to
evaluate cost and comparative pregnancy rates over
time to provide additional data for women and their
providers.
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