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Objective: To compare indications and trends in intracytoplasmic sperm injection (ICSI) use for in vitro fertilization (IVF) cycles among
residents of states with and without insurance mandates for IVF coverage.
Design: Cross-sectional analysis of the National Assisted Reproductive Technology Surveillance System from 2011 to 2015 for the
main outcome and from 2000 to 2015 for trends.
Setting: IVF cycles performed in U.S. fertility clinics.
Patient(s): Fresh IVF cycles.
Intervention(s): Residency in a state with an insurance mandate for IVF (n¼ 8 states) versus no mandate (n¼ 43 states, including DC).
Main Outcome Measure(s): ICSI use by insurance coverage mandate status stratified by male-factor infertility diagnosis.
Result(s): During 2000–2015, there were 1,356,377 fresh IVF cycles, of which 25.8% (n¼ 350,344) were performed for residents of states
with an insurance coveragemandate for IVF. ICSI use increased significantly during 2000–2015 in states bothwith andwithout amandate;
however, for non–male-factor infertility cycles, the percentage increase in ICSI usewas greater amongnonmandate states (34.6% in2000 to
73.9% in 2015) versus mandate states (39.5% in 2000 to 63.5% in 2015). For male-factor infertility cycles, this percentage increase was
�7.3% regardless of residency in a state with an insurance mandate for IVF. From 2011 to 2015, ICSI use was lower in mandate versus
nonmandate states, both for cycles with (91.5% vs. 94.5%), and without (60.3% vs. 70.9%) male-factor infertility.
Conclusion(s): Mandates for IVF coverage were associated with lower ICSI use for non–male-factor infertility cycles. (Fertil Steril�
2018;-:-–-. �2018 by American Society for Reproductive Medicine.)
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Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/28869-25038

I ntracytoplasmic sperm injection
(ICSI), an assisted reproductive
technology (ART) procedure where

a single sperm is injected directly into
a mature egg, is indicated for the treat-
ment of male-factor infertility when

sperm parameters are inadequate for
intrauterine insemination (IUI) or con-
ventional in vitro fertilization (IVF)
(1). Although ICSI is increasingly used
for the treatment of both male-factor
and non–male-factor infertility, the
American Society for Reproductive
Medicine (ASRM) maintains that there
is insufficient evidence to support ICSI
use in the presence of normal semen
parameters (1). In an earlier study,
we found no benefit of using ICSI
compared with conventional IVF in
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the absence of male-factor infertility (2). ICSI use can also be
associated with increased health risks for the offspring,
including the transfer of chromosomal abnormalities from
parent to infant (3, 4), autism (5), intellectual disabilities (6),
and birth defects (4, 7), compared with conventional IVF
alone.

IVF treatment is costly, averaging $12,400 per IVF cycle,
with an additional cost of $1,500 if ICSI is used (8). Out-of-
pocket costs associated with IVF treatments have long been
considered to be a barrier to care for infertile couples; insur-
ance coverage may provide some financial relief to affected
couples, but it is limited. In the United States, 15 states have
enacted mandates for private insurance coverage of some
type of infertility treatment (e.g., IUI, medications, diagnostic
procedures, etc.); 8 states specifically mandate insurance
coverage for IVF treatment (Supplemental Table 1): Arkansas,
Connecticut, Hawaii, Illinois, Massachusetts, Maryland, New
Jersey, and Rhode Island (9). Only 4 of these 8 states explicitly
mention ICSI (IL, MA, NJ, and RI). Previously, Jain and Gupta
used aggregate IVF data to examine ICSI use in the United
States by state mandate status from 1995 to 2004 and found
that insurance coverage mandate status was associated with
increased ICSI use ‘‘not attributed to male-factor conditions’’
(10). They postulated that ICSI use may be influenced by the
presence of mandates requiring insurance reimbursements
for IVF services. Because ICSI adds to the overall infertility
treatment cost, unnecessary ICSI use may lead to unnecessary
financial costs to patients and payers. In recent years, ICSI use
for couples without male-factor infertility has been ques-
tioned (11) owing to a lack of evidence demonstrating
improved fertilization with ICSI compared with conventional
IVF. Furthermore, there is some concern that infertility clinics
may recommend ICSI even without proper diagnostic workup
of the underlying male infertility (12).

Insurance mandates for infertility treatment have been
linked to improved ART practices, such as reductions in the
number of embryos transferred (13). However, the association
between mandates and use of ICSI has not been well
described, particularly in recent years. Considering changes
in practice, including increased use of ICSI over the past
decade, the goal of the present study was to investigate the as-
sociation between ICSI use and residency in a state with an
insurance mandate for IVF treatment.

MATERIALS AND METHODS
This population-based cross-sectional study used data from
the National ART Surveillance System (NASS), a web-based
reporting system that allows the Centers for Disease Control
and Prevention (CDC) to monitor the safety and effective-
ness of ART procedures conducted in the U.S. and its terri-
tories (14). NASS was established in response to the
Fertility Clinic Success Rate and Certification Act of 1992,
which requires that U.S. fertility clinics report annual data
on ART procedures and outcomes to the CDC. NASS data
contains cycle-level information pertaining to patient demo-
graphics, reproductive history, ART procedure type, and
pregnancy outcomes. NASS also contains information about
male-factor infertility diagnosis, but it has very limited

details on semen parameters or the severity of male-factor
infertility for the years included in the present study.

This analysis focused on fresh-embryo cycles performed
during 2000–2015. Because information on ICSI procedures
is not consistently collected for frozen-embryo transfers,
frozen cycles were excluded. Additional exclusion criteria
included: IVF cycles that were cancelled before egg retrieval;
cycles from U.S. territories, non-U.S. residents, and gesta-
tional carriers; gamete intrafallopian transfer; and zygote
intrafallopian transfer cycles. States were classified into two
groups: those with an explicit infertility insurance mandate
to cover IVF (n ¼ 8; AR, CT, HI, IL, MA, M.D., NJ, and RI)
and those without such mandates (n ¼ 43; the remaining 42
states and DC). Because ICSI is performed with IVF, we
assumed that the bulk of the ICSI procedure cost would be
covered by the IVF mandate. In addition, we performed a
sensitivity analysis of just those states that specifically
mention ICSI in their coverage details. States were classified
as having a mandate only in the years that a mandate was
present; because NJ and CT mandates were enacted during
the observation period, in 2001 and 2005, respectively, these
states were classified as mandate states only for the years
following the legislation (2002–2015 and 2006–2015,
respectively).

To assess differences in linear trends in ICSI use by
mandate status over the study period, we used linear regres-
sion models, with ICSI use as the dependent variable and
year of cycle start, mandate status, and the interaction of
these terms included as independent variables. We restricted
the study population to the most recent 5-year period
(2011–2015) and used chi-square tests to compare the distri-
bution of patient and treatment characteristics for cycles in
states with and without a mandate. We considered the
following variables for each patient: age, race/ethnicity,
infertility diagnosis, number of previous live births, number
of previous spontaneous abortions, number of previous ART
cycles, oocyte/embryo source, number of oocytes retrieved,
number of embryos transferred, embryo stage at transfer
(days 2–3 or days 5–6), number of embryos cryopreserved,
use of assisted hatching, and preimplantation genetic testing.
We also compared ICSI use for selected non–male-factor in-
dications by mandate status, including: use of preimplanta-
tion genetic diagnosis (PGD)/preimplantation genetic
screening (PGS), maternal age R38 years, low oocyte yield
(<5 oocytes retrieved), unexplained infertility, and having
had two or more previous ART cycles and no history of live
births (proxy for previous unsuccessful cycles). Data were
missing for <2% of patient and treatment characteristics
except race/ethnicity (35.0%) and variables not collected for
cycles cancelled between oocyte retrieval and embryo transfer
(number of embryos transferred, embryo stage, and use of as-
sisted hatching).

We also used log binomial regression to calculate
adjusted risk ratios (aRRs) for the association between ICSI
use and mandate status for 2011–2015. Generalized esti-
mating equations (GEEs) were used to account for correlation
of outcomes from the same clinic. The variables used in the
multivariable analysis were based on a priori knowledge of
potential confounders (15). We controlled for female patient
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