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OBSTETRICS
Cost-effectiveness of opportunistic salpingectomy vs
tubal ligation at the time of cesarean delivery

Kartik K. Venkatesh, MD, PhD; Leslie H. Clark, MD; David M. Stamilio, MD, MSCE

BACKGROUND: Removal of the fallopian tubes at the time of hys- RESULTS: Both bilateral tubal ligation and bilateral opportunistic sal-
terectomy or interval sterilization has become routine practice to prevent

ovarian cancer. While emerging as a strategy, uptake of this procedure at

the time of cesarean delivery for pregnant women seeking permanent

sterilization has not been widely adopted due to perceptions of increased

morbidity and operative difficulty with a lack of available data in this

setting.

OBJECTIVE: We sought to conduct a cost-effectiveness analysis

comparing strategies for long-term sterilization and ovarian cancer risk

reduction at the time of cesarean delivery, including bilateral tubal ligation,

opportunistic salpingectomy, and long-acting reversible contraception.

STUDY DESIGN: A decision-analytic and cost-effectiveness model

was constructed for pregnant women undergoing cesarean delivery who

desired permanent sterilization in the US population, comparing 3 stra-

tegies: (1) bilateral tubal ligation, (2) bilateral opportunistic salpingectomy,

and (3) postpartum long-acting reversible contraception. This theoretic

cohort consisted of 110,000 pregnant women desiring permanent ster-

ilization at the time of cesarean delivery and ovarian cancer prevention at

an average of 35 years who were monitored for an additional 40 years

based on an average US female life expectancy of 75 years. The

primary outcome measure was the incremental cost-effectiveness ratio.

Effectiveness was measured as quality-adjusted life years. Secondary

outcomes included: the number of ovarian cancer cases and deaths,

procedure-related complications, and unintended and ectopic pregnan-

cies. The 1-, 2-, and 3-way and Monte Carlo probabilistic sensitivity

analyses were performed. The willingness-to-pay threshold was set at

$100,000.
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pingectomy with cesarean delivery have favorable cost-effectiveness ra-

tios. In the base case analysis, salpingectomy was more cost-effective with

an incremental cost-effectiveness ratio of $23,189 per quality-adjusted

life year compared to tubal ligation. Long-acting reversible contracep-

tion after cesarean was not cost-effective (ie, dominated). Although sal-

pingectomy and tubal ligation were both cost-effective over a wide range

of cost and risk estimates, the incremental cost-effectiveness ratio anal-

ysis was highly sensitive to the uncertainty around the estimates of sal-

pingectomy cancer risk reduction, risk of perioperative complications, and

cost. Monte Carlo probabilistic sensitivity analysis estimated that tubal

ligation had a 49% chance of being the preferred strategy over sal-

pingectomy. If the true salpingectomy risk of perioperative complications is

>2% higher than tubal ligation or if the cancer risk reduction of sal-

pingectomy is <52%, then tubal ligation is the preferred, more cost-

effective strategy.

CONCLUSION: Bilateral tubal ligation and bilateral opportunistic sal-
pingectomy with cesarean delivery are both cost-effective strategies for

permanent sterilization and ovarian cancer risk reduction. Although sal-

pingectomy and tubal ligation are both reasonable strategies for cesarean

patients seeking permanent sterilization and cancer risk reduction,

threshold analyses indicate that the risks and benefits of salpingectomy

with cesarean delivery need to be better defined before a preferred

strategy can be determined.

Key words: cesarean delivery, cost-effectiveness, ovarian cancer,
pregnancy, salpingectomy, sterilization, tubal ligation
Introduction
Close to 1 in 10 births in the United
States is followed by bilateral tubal liga-
tion (hereafter referred to as tubal liga-
tion) for permanent sterilization,
resulting in 340,000 tubal ligations per
year.1 Nearly a third of pregnant US
women have a cesarean delivery.2
Annually, >100,000 US women un-
dergo permanent sterilization by tubal
ligation with cesarean delivery. Oppor-
tunistic salpingectomy (hereafter,
referred to as salpingectomy) with in-
terval sterilization and hysterectomy is
becoming a more common procedure
due to emerging evidence as an ovarian
cancer prevention strategy.3e5 However,
the risk-benefit tradeoff of salpingec-
tomy with cesarean delivery is not well-
characterized, and data on the safety
and feasibility in this setting are
limited.6e9 Nonetheless, many obstetri-
cian/gynecologists have adopted sal-
pingectomy with cesarean delivery.10

Removal of the fallopian tubes may
decrease the risk of ovarian cancer by as
much as 70%, which is more than the
risk reduction attributed to tubal ligation
(26e34%).11e14 Salpingectomy appears
to be safe15,16 and cost-effective12,17 with
hysterectomy or interval sterilization.4,5

In a recent randomized controlled trial
(RCT) of 80 women allocated to sal-
pingectomy vs tubal ligation with cesar-
ean delivery, only 67% of women had a
successful salpingectomy compared to
95% of tubal ligations,18 and using the
RCT data, the investigators found
salpingectomy to be cost-effective
compared to tubal ligation (preliminary
Society for Maternal-Fetal Medicine ab-
stract data), but surgical complications
were notmodeled given the small sample
size.19 Another recent RCT conducted
among 44 women undergoing sal-
pingectomy vs tubal ligation with cesar-
ean reported a high completion rate
for salpingectomy (95%).20 Before
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population-based data are available,21 a
decision-analytic model can estimate the
risk-benefit tradeoffs, and identify
influential factors to help select a
preferred surgical strategy in the short
term and to guide future research in the
long term.

We conducted a cost-effectiveness
analysis of salpingectomy vs tubal liga-
tion for sterilization and ovarian cancer
prevention among pregnant women in
the United States desiring permanent
sterilization with cesarean delivery.

Materials and Methods
We developed a decision-analytic model
to compare salpingectomy vs tubal liga-
tion among US pregnant women who
undergo cesarean delivery and desire
permanent sterilization and ovarian
cancer risk reduction. A third strategy of
no surgical sterilization intervention, but
with postpartum placement of long-
acting reversible contraception (LARC),
was incorporated to represent a baseline
reference strategy among women who
desire long-term contraception without
surgical sterilization. LARC was defined
as a composite of the 3 most commonly
used devices in the United States, namely
copper intrauterine device (IUD),
progestin implant, and progestin-
containing IUD. This analysis was
performed from the societal perspective,
using relevant estimates for cost and
clinical outcomes to estimate which
strategy was the most cost-effective.22

This study was exempt from research
ethics board review.

We estimated that 110,000 pregnant
women with mean age of 35 years
would desire permanent sterilization
following cesarean delivery in the
United States per year.1,2 We assumed
the average maternal age for the cohort
to be 35 years, given female sterilization
was the most common contraception
method in this age group.15,23 The
theoretic cohort size was based on the
following: approximately 643,000 fe-
male sterilizations were performed
annually, or 9% of all births in the
United States, of which 340,000 (53%)
were performed within 48 hours post-
partum.1,24,25 Given 32% of deliveries
were by cesarean, we estimated that
108,800 women underwent sterilization
with cesarean delivery.
The effectiveness of each strategy was

assessed in terms of average years of life
expectancy gained, measured as quality-
adjusted life years (QALYs), and average
lifetime relevant health costs incurred.
Given the paucity of data available on
salpingectomy with cesarean delivery,
data on the risks and benefits were
largely derived from salpingectomy with
hysterectomy and permanent steriliza-
tion with a wide range of uncertainty for
sensitivity analyses. To identify the best
probability estimates, we performed a
systematic review on PubMed, supple-
mented by bibliographic review, using
the following search terms: “tubal liga-
tion,” “salpingectomy,” and “permanent
sterilization.”We used the most rigorous
available research for base case proba-
bility estimates in a hierarchical order:
meta-analysis, RCT, cohort study, and
case-control study. Case series and small
studies (N < 100) were used to help
inform sensitivity analysis ranges. Esti-
mates of utilities were derived from
published and validated valuations of
health states. Costs were derived from
published values or estimates from
Medicaid reimbursement (ie, not
charges).
We performed a cost-utility analysis

and reported cost-effectiveness ratios
and incremental cost-effectiveness (ICE)
ratios (ICER). Our primary outcome
was the ICER, which was the differential
cost of 1 additional QALY gainedmoving
from one strategy to another. A strategy
was “absolutely dominated” and rejected
if it was costlier and less effective than
another strategy. A strategy was cost-
effective if it had an ICER of
<$100,000 per year of life gained relative
to an alternative strategy (ie, willingness-
to-pay [WTP] threshold).26 We calcu-
lated total costs and QALYs to determine
ICERs for each strategy. QALYs were
calculated using utilities, which were
predefined, validated values attributed to
a year of life in a certain health state.
Secondary outcomes included number
of ovarian cancer cases, unintended
pregnancies, ectopic pregnancies, and
surgical complications for each strategy.
We assumed that pregnant women were
JANUARY 2019 Ameri
comparable across strategies with
respect to other risk factors for ovarian
cancer, such as obstetrical history, family
history, body mass index, and oral con-
traceptive use history.

For the decision model, each patient
in the theoretic cohort could follow 1 of
3 strategies: (1) cesarean with tubal
ligation, (2) cesarean with salpingec-
tomy, or (3) cesarean followed by LARC
(Figure 1). For each strategy there was a
procedure-specific complication risk, a
risk of unintended pregnancy, including
ectopic vs intrauterine, and a residual
risk for ovarian cancer based on the
procedure’s estimated risk reduction
from baseline cancer risk. Women diag-
nosed with ovarian cancer had a risk of
cancer-related death at 5 and 10 years;
those who survived for �10 years were
assumed to have a low likelihood of
recurrent disease, at which point they
were subject to age-dependent mortality
risks.27 The average age of ovarian cancer
diagnosis was 60 years.28 Women who
died of ovarian cancer had shorter life
expectancies than average based on the
modeled 5- and 10-year cancer survival
rates and average age of cancer diagnosis.
The average maternal age for steriliza-
tion at the time of cesarean delivery was
35 years as explained above, and these
women were modeled to survive for an
additional 40 years based on an average
US female life expectancy of 75 years29 or
until death from cancer (eg, age 65 or 70
years).

With regard to baseline probabilities,
ovarian cancer rates were calculated
based on US surveillance lifetime popu-
lation risk of 1.28%30 (Table 1). In a
separate high-risk model for sensitivity
analyses, this baseline probability was
also varied using estimates well above the
population risk to reflect potential high-
risk groups for which salpingectomy
might represent an evenmore important
strategy (eg, BRCA1/2 or Lynch syn-
drome). In these subgroup analyses, the
baseline probability of ovarian cancer
rate was estimated as 44% for BRCA1,
17% for BRCA2, and 8% for Lynch
syndrome.31,32

Based on observational studies in
which ovarian cancer cases were pri-
marily high-grade serous carcinomas of
can Journal of Obstetrics & Gynecology 106.e2
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FIGURE 1
Abbreviated decision tree of pregnancy and cancer prevention strategies postcesarean

Decision tree branches for tubal ligation and LARC with cesarean delivery are structured same as decision tree above.
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tubal origin, we estimated that sal-
pingectomy would decrease the risk of
ovarian cancer by 64% (relative risk
[RR], 0.36; 95% confidence interval
[CI], 0.13e1.02) resulting in 0.46% re-
sidual absolute risk; and tubal ligation
would decrease the risk of ovarian cancer
by 34% (RR, 0.66; 95% CI, 0.60e0.73)
resulting in 0.84% residual risk.13,14,33

The risk of ovarian cancer with LARC
was estimated to be a 25% reduction
from baseline to 0.96%,34,35 and in
sensitivity analysis was modeled to be as
much as 75% greater than baseline
(maximum absolute risk 2.24%) based
on older data before the use of hormone-
releasing IUDs.36 In the high-risk model
subgroups, interventions would result in
a 15.8% residual cancer risk for BRCA1
with salpingectomy vs 29.0% with tubal
ligation; 6.1% vs 11.2% in BRCA2; and
2.9% vs 5.3% in Lynch syndrome. These
estimates assume a similar procedure-
related risk reduction within high-risk
groups, which may not be a valid
assumption.

The baseline perioperative compli-
cation risk for a cesarean delivery,
such as bowel or bladder injury,
blood transfusion, reoperation, wound
complication, and endometritis, was
estimated at 6.9%.37e41 The limited
observational data suggested that sal-
pingectomy with cesarean appeared not
to be associated with an increase in
perioperative complications compared
106.e3 American Journal of Obstetrics & Gynecol
to tubal ligation;6e8,18,20,42 however,
these studies were restricted by small
sample size (salpingectomy N ¼ 16, 19,
23, 40, 99, and 206, respectively) and
were not adequately powered to assess
differences in the rate of complications.
Applying data from general and gyne-
cologic surgery that showed a linear
direct relationship between increased
operative time and the risk of periop-
erative complications43e45 and data
that demonstrated that salpingectomy
required 10 more minutes than tubal
ligation with cesarean and that tubal
ligation required 10 more minutes than
cesarean alone,7,46 the perioperative
complication rate (which included the
background complication rate for ce-
sarean) for salpingectomy was 8.3%
and for tubal ligation was 7.6%.6e9,47

We assumed that salpingectomy and
tubal ligation could be performed in
100% of surgeries. However, it is
unclear whether this is the case for
salpingectomy with cesarean based on
2 recent small clinical trials with
completion rates ranging from
67e95%.18,20 The complication rate
with postpartum LARC (eg, uterine
perforation) was estimated as an addi-
tional 0.01% above the complication
rate of a cesarean delivery.48 The
probability of an unintended pregnancy
was 0.38% for salpingectomy (likely a
conservatively high estimate), 0.45%
for tubal ligation, and 1% for LARC
ogy JANUARY 2019
based on excisional tubal ligation pro-
cedures,49 and postpartum LARC.50e52

Procedure-specific estimates for the
likelihood of ectopic pregnancy among
those with an unintended pregnancy
were 10% for salpingectomy,53 20% for
tubal ligation,53 and 53% for post-
partum LARC.50e52 Once ovarian can-
cer was diagnosed, the risk of death
from ovarian cancer was estimated to
be 56% at 5 years and an additional 8%
(64% total) at 10 years based on US
national surveillance data.28,30

Baseline costs for hospital and
physician fees were calculated using
publicly available government payer
data for each procedure Current Proce-
dural Terminology code.54,55 Ovarian
cancer costs incorporated costs of initial
diagnosis (initial year), yearly treatment
(intervening years), and the final year of
life (terminal year).56 The cost of peri-
operative complications was derived
from the cost of major and minor
complications following general sur-
gery procedures.57,58 The cost of unin-
tended and ectopic pregnancies was
derived from observational
data.54,55,59e62 All costs were adjusted
for 2017 US dollars using the Consumer
Price Index.63

With regard to utilities, a year of life in
perfect health was assigned a utility of 1,
death a utility of 0, and other interme-
diate health states a value between 0 to 1
for up to 1 year of awoman’s life based on

http://www.AJOG.org


TABLE 1
Selected data for base case

Probabilities and costs Probabilitya Utility Range for sensitivity analysisb Source

Baseline probabilities

Surgical complicationc

Cesarean delivery 0.069 0.03e0.28 37e41

After tubal ligation 0.076 0.03e0.28 6e9,47

After salpingectomy 0.083 0.03e0.28 6e9,47

After LARC 0.070 0.03e0.28 48

Unintended pregnancy

After tubal ligation 0.0045 0.0006e0.0084 49

After salpingectomy 0.0038 0.00e0.0114 49

After LARC 0.01 0.002e0.042 50e52

Ectopic pregnancy among women with unintended pregnancy

After tubal ligation 0.20 0.16e0.65 53

After salpingectomy 0.10 0.01e0.20 53

After LARC 0.53 0.49e0.57 50e52

Ovarian cancer risk

Baseline 0.0128 0.0126e0.0130 30

After tubal ligation 0.0084 0.0077e0.0093 14,33

After salpingectomy 0.0046 0.001e0.010 33

After LARCd 0.0096 0.0095e0.0224 30,34e36

Death from ovarian cancere

At 5 y from diagnosis 0.56 0.55e0.56 28,30

At 10 y from diagnosis 0.64 0.63e0.65

Cost and utility estimatesf Cost Utility Utility/cost, ranges

Procedureg

Cesarean delivery (CPT 59510) $8551 0.95 0.93e0.99/$4275e12,826 54,55,62,69

Tubal ligation (CPT 58611) $8629 0.95 0.93e0.99/$4314e12,944 54,55

Salpingectomy (CPT 58700) $9348 0.95 0.93e0.99/$4674e14,022 54,55

LARC (CPT 58300 þ 99214) $9435 0.95 0.93e0.99/$4717e14,152 55,70

Surgical complicationh $20,891 0.77 0.38e0.99/$13,927e38,998 57,58,62

Unintended pregnancy $13,143 0.74 0.48e0.99/$6571e19,715 59e61

Ectopic pregnancy (CPT 59150) $8708 0.87 0.77e0.92/$4354e13,062 54,55,62

Ovarian cancer (5-y survival)

Initial y $68,655 0.62 0.24e0.94/$65,749e71,564 56,64

Years 2e4 $5183 0.72 0.32e0.99/$4709e5657

Terminal y $66,798 0.16 0.01e0.99/$64,469e69,126

CPT, Current Procedural Terminology code; LARC, long-acting reversible contraception; LNG-IUS, levonorgestrel-releasing intrauterine system.

a All costs converted to 2017 dollars using Consumer Price Index inflation calculator; b All sensitivity analyses ranges were obtained from original cited source, unless stated otherwise; c Ovarian
cancer risk with LARC was estimated to be 25% reduction from baseline based on recent data, and in sensitivity analysis was estimated to be 75% greater than baseline based on earlier historical
data; d Surgical complication sensitivity ranges vary from minor to major complication across general surgery procedures; e In 1- and 2-way sensitivity analyses, wider range was also tested>95%
confidence interval from original cited source; f Procedure, unintended pregnancy, and ectopic pregnancy cost sensitivity ranges vary from 50% below and 50% greater than point estimate; g Cost
derivations: LARC device cost estimated as combined average cost for copper intrauterine device ($650), implant ($717), and LNG-IUS 20 mg/24 h ($765), at $710efor other cost inputs as follows:
cesarean delivery: $2401 (physician fee) þ $6150 (hospital fee) ¼ $8551, tubal ligation: $8551 þ $78.60 (physician fee) ¼ $8,629.60, salpingectomy: $8551 þ $797.45 (physician fee) ¼
$9348.45, LARC: $8551 þ $710 (LARC device) þ $104 (insertion fee) þ $70 (follow-up intrauterine device check) ¼ $9435, ectopic pregnancy: $796 (physician fee) þ 7912 (hospital fee) ¼
$8708; h Utility for surgical complications sensitivity ranges vary from 50% below and 50% greater than point estimate.
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TABLE 2
Clinical outcomes in study population of pregnant women seeking
permanent sterilization at time of cesarean delivery

Strategy

No. of
ovarian
cancer
cases

No. of ovarian
cancer deaths
over 10 y

No. of surgery
complications

No. of
intrauterine
pregnancies

No. of ectopic
pregnancies

Cesarean
delivery with
salpingectomy

507 302 9130 376 42

Cesarean
delivery with
tubal ligation

929 554 8360 396 99

Cesarean
delivery with
LARC

1051 625 7700 517 583

Assuming study population of 110,000 pregnant women desiring permanent sterilization at time of cesarean delivery.

LARC, long-acting reversible contraception.
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health state valuation research.60e62 The
utilities of a perioperative complication
and an ectopic pregnancy were modeled
as disutilities for a duration of 1 year
because they occurred concurrently with
their respective baseline health states,
cesarean or unintended pregnancy state,
respectively. The utility of a diagnosis of
ovarian cancer was estimated to be 0.62
for the initial year, 0.72 for each inter-
vening year, and 0.16 for the terminal
year.64 Each patient gained a health state-
specific utility for each year of life for a
given life expectancy specific to a cancer
or noncancer health state (eg, age 65, 70,
or 75 years). All costs and utilities were
discounted at a rate of 3% per year.22
TABLE 3
Cost-utility analysis of tubal ligation, s
cesarean delivery

Strategy Cost, $
Increment
cost, $

Cesarean delivery
with salpingectomy

3651.82 63.75

Cesarean delivery
with tubal ligation

3588.06 e

Cesarean delivery
with LARC

6667.72 3015.90

ICER, incremental cost-effectiveness ratio; LARC, long-acting re

a Represents additional cost/QALY above what would be expend

Venkatesh et al. Cost-effectiveness of salpingectomy vs tubal
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We performed 1-, 2-, and 3-way
sensitivity analyses, as well as Monte
Carlo probabilistic sensitivity analysis to
assess the robustness of the decision
model and cost-effectiveness results
(Table 1). Ranges of uncertainty around
probability and utility point estimates
were based on published 95% CI when
available from a single study or meta-
analysis or by a range found in the
literature. The underlying distribution
(ie, normal, triangular, beta, or uniform)
for the range of uncertainty for each
variable was selected based on the data
source, the observed distribution, and
data type (probability, cost, or utility).
All computations were performed using
alpingectomy, and long-acting reversible

al
Effectiveness, QALY

Incremental
effectiveness, QAL

12.2370 0.0065

12.2342 0.0038

12.2305 e

versible contraception; QALY, quality-adjusted life year.

ed using tubal ligation; b Strategy is more costly and less effective.

ligation at cesarean. Am J Obstet Gynecol 2019.
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commercially available decision-analysis
software (Tree-Age Pro 2017; Tree Age
Inc, Williamstown, MA).

Results
Among a theoretic cohort of 110,000
pregnant women desiring permanent
sterilization at the time of cesarean de-
livery and ovarian cancer prevention, the
base case analysis indicates that
compared to the LARC strategy, per-
forming tubal ligation would result in
122 fewer ovarian cancer diagnoses, 71
fewer ovarian cancer deaths over 10
years, 121 fewer unintended intrauterine
pregnancies, and 484 fewer ectopic
pregnancies. Compared to the tubal
ligation strategy, the salpingectomy
strategy would incrementally result in
422 fewer ovarian cancer diagnoses, 252
fewer ovarian cancer deaths, 20 fewer
unintended intrauterine pregnancies,
and 57 fewer ectopic pregnancies, but an
additional 770 major perioperative
complications (Table 2).

The average discounted cost, effec-
tiveness as measured by QALYs, and
ICERs for women undergoing cesarean
delivery with tubal ligation, salpingec-
tomy, or LARC are presented in Table 3.
Tubal ligation with cesarean is cost-
saving ($3588) compared to salpingec-
tomy with cesarean ($3651) or LARC
after cesarean ($6667). Salpingectomy is
more effective compared with tubal
ligation or LARC with cesarean delivery,
with average gains of 12.2370, 12.2342,
and 12.2305 QALYs, respectively. Both
contraception at time of

Y

Cost-
effectiveness
ratio, $/QALY

ICER, $/QALY
gaineda

298.42 23,189.88

293.28 e

545.17 Dominatedb

http://www.AJOG.org


FIGURE 2
One-way sensitivity analysis of A, ovarian cancer risk reduction; B, perioperative complication rate; and C, cost
comparing salpingectomy, tubal ligation, and long-acting reversible contraception (LARC) with cesarean delivery

Absolute risk of cancer threshold (0.0062; 0.62%) represents relative risk reduction of 52% (relative risk 0.48). Absolute risk of salpingectomy procedure
complication threshold (0.0986; 9.9%) translates to absolute 2% increase over tubal ligation risk. Salpingectomy cost threshold ($10,036.21) translates
to $688 increase over tubal ligation cost.
cost_salp, cost of salpingectomy; pcancer_salp, probability of ovarian cancer after salpingectomy; pcomp_salp, probability of complications from salpingectomy; WTP, willingness to pay.
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tubal ligation and salpingectomy with
cesarean delivery have favorable cost-
effectiveness ratios of $293.28 per
QALY and $298.42 per QALY, respec-
tively. In the base case analysis, the sal-
pingectomy strategy was more cost-
effective than the tubal ligation strategy
with an ICER of $23,189.88 per QALY.
The LARC strategy was costlier and less
effective than the other 2 strategies (ie,
dominated) (Appendix Figure A1).

Sensitivity analyses were performed to
assess the robustness, or confidence, of
the model base case results and to iden-
tify threshold effects of key variables
using the CI or plausible range of un-
certainty for each variable (Table 1).
One-way sensitivities were first evalu-
ated in a tornado plot to identify the
most influential variables on the results
of the base case scenario. The tornado
plot indicated that the large majority
(97%) of uncertainty, or sensitivity, was
attributable to imprecise published esti-
mates of the risk of perioperative com-
plications, cancer risk reduction of
salpingectomy, as well as the cost of sal-
pingectomy and tubal ligation
(Appendix Figure A2). One-way sensi-
tivity analyses of the most influential
variables, namely cancer risk reduction,
complications, and cost, identified
important thresholds at which the
preferred strategy changed from
salpingectomy to tubal ligation. The base
case estimate of cancer risk reduction
with salpingectomy was 64% (RR, 0.36)
with a wide CI based on the available
observational research. If the true risk
reduction of salpingectomy was <52%
(RR > 0.48), then tubal ligation became
the preferred strategy (Figure 2, A). The
base case estimate of the complication
risk of cesarean with salpingectomy was
8% (ie, 1% higher than cesarean with
tubal ligation). If the true complication
risk of salpingectomy with cesarean was
>9.9%, or >2% higher than tubal liga-
tion, then the tubal ligation strategy was
the optimal strategy (Figure 2, B). If the
true cost of salpingectomy was >$688
more than the base case estimate, tubal
ligation became the preferred strategy
(Figure 2, C).
Monte Carlo simulation of 1000 trials

were performed in which all model var-
iables were randomly varied concur-
rently with aWTP threshold of $100,000
per QALY (Figure 3). The ellipse on the
ICE scatter plot indicated the 95% CI for
the ICE of salpingectomy compared to
tubal ligation. The distribution of ICE
point estimates across the 4 quadrants of
the chart demonstrated a wide spectrum
of variability and uncertainty with regard
to the preferred strategy (Appendix
Table A1). Based on the amount of un-
certainty in the baseline estimates,
JANUARY 2019 Ameri
salpingectomy and tubal ligation had a
50% and 49% chance of being the
preferred strategies, respectively
(Figure 4). If the WTP threshold was set
more conservatively at $50,000, tubal
ligation was the preferred strategy in the
majority (50.4%) of simulation trials.

In the sensitivity analyses performed
within the model of patients at high risk
for cancer (eg, BRCA1/2, Lynch syn-
drome), the cesareanwith salpingectomy
strategy had a cost-effectiveness ratio of
$541.12 per QALY, and dominated the
other 2 strategies across the range of
baseline cancer risk for high-risk pa-
tients (8e44%); in other words, tubal
ligation and LARC were both more
expensive and less effective. This result
was stable in 2- and 3-way sensitivity
analyses varying high-risk baseline life-
time cancer rate (8e44%), salpingec-
tomy risk, and salpingectomy cancer risk
reduction across the plausible ranges of
uncertainty (Table 1).

Comment
Primary prevention of ovarian cancer
through opportunistic salpingectomy is
increasingly accepted as standard gyne-
cologic practice at the time of hysterec-
tomy or interval sterilization.17 Given
the high frequency of sterilization per-
formed with cesarean delivery, there has
been increasing debate about whether
can Journal of Obstetrics & Gynecology 106.e6
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FIGURE 3
Scatter plot of Monte Carlo simulation of incremental cost-effectiveness of
salpingectomy vs tubal ligation with cesarean delivery

Data are available in tabular format with further explanations of each quadrant in online Appendix
Table A1.
WTP, willingness to pay.
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salpingectomy should be performed by
obstetricians in lieu of tubal ligation25

and in our region several providers
have adopted salpingectomy with cesar-
ean as an acceptable strategy. We found
that salpingectomy and tubal ligation
were both cost-effective strategies for
pregnant women desiring both perma-
nent sterilization and a cancer risk
reduction intervention at the time of
cesarean. Salpingectomy with cesarean
was more cost-effective than tubal liga-
tion with cesarean in base case analysis.
However, uncertainty around the risk of
perioperative complications and the in-
cremental cancer risk reduction of sal-
pingectomy compared to tubal ligation
with cesarean had a significant impact on
the results of this cost-effectiveness
analysis.

This decision analysis suggests that the
current care standard of tubal ligation, as
well as salpingectomy, are both accept-
able strategies for US pregnant women
seeking permanent sterilization and
106.e7 American Journal of Obstetrics & Gynecol
ovarian cancer risk reduction at the time
of cesarean delivery. However, the esti-
mates of risks and benefits of salpingec-
tomy are imprecise and must be better
elucidated before one strategy can be
preferred. It should be noted that this
preliminary conclusion will likely evolve
as newer data emerge. In the interim,
other factors may also influence the
preferred strategy, including patient-
specific ovarian cancer risk factors, pa-
tient values and preferences, and sur-
geon skill set.
With regard to perioperative risks, we

estimated that the salpingectomy peri-
operative risk was approximately 1%
higher than tubal ligation with cesarean.
Since peripartum salpingectomy
outcome data are sparse,6e8,18,20,42 the
risk was estimated from the well-
characterized risk of cesarean delivery
plus additional risk from the increased
operative time of salpingectomy and
the association between operative
time and complication rate.43e45 The
ogy JANUARY 2019
salpingectomy perioperative risk may be
even higher given the vascular changes of
pregnancy. Sensitivity analysis indicated
that if the salpingectomy perioperative
risk were >2% higher than tubal liga-
tion, then tubal ligation was the
preferred strategy. With regard to
ovarian cancer risk reduction, sal-
pingectomy was estimated to reduce the
risk by 64% (RR, 0.36) with a wide CI
that abutted 1.0.13,14,33 If the true risk
reduction of salpingectomy were <52%
(RR > 0.48, resulting in absolute resid-
ual cancer risk >0.62%), then tubal
ligation became the preferred strategy.
Lastly, cost estimates for salpingectomy
did not account for the increased oper-
ative time or possible use of specialized
thermal ligation devices (eg, LigaSure;
Medtronic, Minneapolis, MN, $450).
Since the threshold at which tubal liga-
tion became the most cost-effective
strategy was about $690 above the base
case estimate, it is possible that these
costlier surgical approaches could make
tubal ligation the preferred strategy
when implemented widely by surgeons
and facilities with variable experience
and expertise.

Sensitivity analyses quantified the
uncertainty around the base-case results
but also identified thresholds of risk and
benefit whereby the preferred strategy
changed from salpingectomy to tubal
ligation, including: detecting if sal-
pingectomy has a perioperative compli-
cation rate that is>2% higher than tubal
ligation and whether the ovarian cancer
risk reduction of salpingectomy is at least
52% (RR, 0.48). Monte Carlo simulation
(ie, multivariable sensitivity analysis)
estimated that there is approximately a
50% chance that cesarean with tubal
ligation is the preferred strategy over
cesarean with salpingectomy. To date,
the 6 largest studies comparing tubal
ligation to salpingectomy with cesarean
have included between 16e206 patients
in the salpingectomy arm.6e8,18,20,42 In
comparison to the relatively well-
characterized risk of perioperative com-
plications, cancer risk reduction, and
cost of tubal ligation with cesarean, sal-
pingectomy with cesarean is a relatively
new procedure with fewer available data.
Thus, estimates of risks and benefits are

http://www.AJOG.org


FIGURE 4
Bar graph of Monte Carlo simulation of acceptability

Bar graph of Monte Carlo simulation of acceptability of salpingectomy, tubal ligation, and long-acting
reversible contraception (LARC) with cesarean delivery.
WTP, willingness to pay.

Venkatesh et al. Cost-effectiveness of salpingectomy vs tubal ligation at cesarean. Am J Obstet Gynecol 2019.

ajog.org OBSTETRICS Original Research
less precise if not uncertain.6e8,18,20,42

It is possible that certain populations at
higher lifetime risk of ovarian cancer,
such as Lynch syndrome (6e8% lifetime
risk) and BRCA1 and 2 carriers (lifetime
risk ofw40% andw20%, respectively),
may derive greater benefit from sal-
pingectomy31; however, BRCA1/2 car-
riers who undergo salpingectomy
without oophorectomy may not benefit
from the same magnitude of reduction
in cancer risk compared to those women
who undergo salpingectomy with oo-
phorectomy. For this reason, the Na-
tional Comprehensive Cancer Network
does not recommend salpingectomy-
only for cancer risk reduction in these
high-risk groups. Thus, our sensitivity
analyses varying baseline cancer risk to
reflect that of BRCA1/2 carriers or Lynch
syndrome may grossly overestimate the
risk reduction of the salpingectomy
strategy, exaggerating its cost-
effectiveness. We caution the reader
that this high-risk portion of the
analysis is exploratory and largely
theoretical since it is unknown whether
salpingectomy without oophorectomy
provides risk reduction in these sub-
populations genetically at high risk for
cancer.
Our results provide clarity with regard

to the risk-benefit tradeoff of salpingec-
tomy relative to tubal ligation with ce-
sarean during a time of emerging data
and evolving practice. A recent cost-
effective analysis compared salpingec-
tomy vs tubal ligation with cesarean, and
found salpingectomy to be the most
cost-effective strategy19; however this
analysis only utilized model inputs based
on a recent trial of 80 women, and did
not model the risk of procedure-specific
complications given a low and appar-
ently similar rate between groups.
Studies from the gynecology literature
support the cancer risk-reducing bene-
fits and the cost-effectiveness of sal-
pingectomy with hysterectomy
(abdominal, laparoscopic, and vaginal)
and interval laparoscopic steriliza-
tion.3,17,65 The safety and efficacy of
JANUARY 2019 Ameri
salpingectomy vs tubal ligation with ce-
sarean delivery, including the frequency
of increased operative time, blood loss,
vascular injury, operative skill, and sur-
gical equipment, will become evident
over time as the optimal surgical tech-
nique becomes standardized and the
procedure becomes more prevalent.18,42

The analysis is also limited by other
assumptions. We did not account for the
potential impact of peripartum sal-
pingectomy on ovarian function and
resulting morbidity, although recent
data are reassuring.47 These results were
not stratified by histologic subtypes of
ovarian cancer due to insufficient data.
We did not model possible discontinu-
ation rates of LARC, which are <20%
among younger women and are likely
lower among older women considering
permanent sterilization.66 We did not
model the impact of oral contraceptives
given the focus on permanent steriliza-
tion. However, oral contraceptive pills
are roughly equivalent to LARC with
regard to ovarian cancer risk reduction
(25%),67 which we modeled. We did not
account for patient regret following
sterilization, which is low (<5%) among
women >35 years.68 There are likely
other noncancer benefits of salpingec-
tomy compared to tubal ligation in
addition to superior sterilization,
including near elimination of future
tubal pathology.25 We did not use Mar-
kov modeling to represent annual cancer
death rates because there were not
adequate data to estimate annual tran-
sition probabilities among health states
(ie, death, cured, or survived with dis-
ease). We assumed a 100% success rate
for completing both types of sterilization
procedures. Salpingectomy likely has a
higher rate of being aborted than tubal
ligation given the increased complexity
of the procedure. This assumption likely
overestimated the effectiveness of sal-
pingectomy compared to tubal ligation.
Some women who underwent tubal
ligation may undergo a hysterectomy
with salpingectomy in the future, which
we did not model. This again likely
overestimated the effectiveness of
salpingectomy.

Salpingectomy and tubal ligation
with cesarean delivery both appear to be
can Journal of Obstetrics & Gynecology 106.e8
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cost-effective strategies for concurrent
pregnancy and ovarian cancer preven-
tion. But, this modeling analysis suggests
that salpingectomy with cesarean cannot
be preferred or recommended over tubal
ligationwith cesarean as a strategy for US
pregnant women seeking permanent
sterilization and ovarian cancer risk
reduction. This conclusion is made until
the perioperative risks and ovarian can-
cer risk reduction of salpingectomy with
cesarean delivery are more precisely
known and are demonstrated to be more
favorable than that of tubal ligation with
cesarean delivery. Furthermore, we
believe that if salpingectomy with cesar-
ean is offered as a strategy, preoperative
counseling should include a disclosure
that the estimates of peripartum sal-
pingectomy risks and benefits relative to
tubal ligation are uncertain or imprecise.
Importantly, our analysis makes the
uncertain or missing information on
safety and effectiveness unambiguous,
and identifies important thresholds of
safety and effectiveness to direct future
research and policy development. Spe-
cifically, this analysis informs future
research design (ie, sample size and
outcome designation) since it identifies
thresholds of operative complications
and cancer RR reduction below which
salpingectomy can be definitively iden-
tified as the preferred health care strategy
and above which tubal ligation remains
the preferred strategy. n
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