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Abstract

Problem/Condition: Assisted reproductive technology (ART) includes fertility treatments in which both eggs
and sperm are handled in the laboratory (i.e., in vitro fertilization and related procedures). Patients who undergo
ART procedures are more likely to deliver multiple-birth infants than women who conceive naturally. Multiple
births are associated with increased risk for mothers and infants (e.g., pregnancy complications, premature
delivery, low-birthweight infants, and long-term disability among infants). This report presents the most recent
national data and state-specific results.

Reporting Period Covered: 2005.

Description of System: In 1996, CDC initiated data collection regarding ART procedures performed in the
United States, as mandated by the Fertility Clinic Success Rate and Certification Act of 1992 (FCSRCA)
(Public Law 102-493 [October 24, 1992]). Beginning with 2004, CDC has contracted with a statistical survey
research organization, Westat, Inc., to obtain data from ART medical centers in the United States. Westat, Inc.,
maintains CDC's web-based data collection system called the National ART Surveillance System (NASS).

Results: In 2005, a total of 134,260 ART procedures were reported to CDC. These procedures resulted in
38,910 live-birth deliveries and 52,041 infants. Nationwide, 73% of ART procedures used freshly fertilized
embryos from the patient's eggs, 15% used thawed embryos from the patient's eggs, 8% used freshly fertilized
embryos from donor eggs, and 4% used thawed embryos from donor eggs. Overall, 42% of ART transfer
procedures resulted in a pregnancy, and 35% resulted in a live-birth delivery (delivery of one or more live-born
infants). The highest live-birth rates were observed among ART procedures that used freshly fertilized embryos



from donor eggs (52%). The highest numbers of ART procedures were performed among residents of California
(18,655), New York (12,032), Illinois (9,449), New Jersey (9,325), and Massachusetts (8,571). These five states
also reported the highest number of live-birth deliveries. Of 52,041 infants born through ART, 49% were born in
multiple-birth deliveries. The multiple-birth risk was highest for women who underwent ART transfer
procedures that used freshly fertilized embryos from either donor eggs (41%) or their own eggs (32%).
Approximately 1% of U.S. infants born in 2005 were conceived through ART. Those infants accounted for 17%
of multiple births nationwide. Approximately 9% of ART singletons, 57% of ART twins, and 95% of ART
triplets or higher-order multiples were low birthweight. Similarly, 15% of ART singletons, 66% of ART twins,
and 97% of ART triplets or higher-order multiples were born preterm.

Interpretation: Whether an ART procedure resulted in a pregnancy and live-birth delivery varied according to
different patient and treatment factors. ART poses a major risk for multiple births that are associated with
adverse maternal and infant outcomes (e.g., preterm delivery, low birthweight, and infant mortality). This risk
varied according to the patient's age, the type of ART procedure performed, the number of embryos available for
transfer to the uterus, the number actually transferred, and the day of transfer (day 3 or day 5).

Public Health Actions: ART-related multiple births represent a sizable proportion of all multiple births
nationwide and in selected states. To minimize the adverse maternal and child health effects that are associated
with multiple pregnancies, ongoing efforts to limit the number of embryos transferred in each ART procedure
should be continued and strengthened. Adverse maternal and infant outcomes (e.g., low birthweight and preterm
delivery) associated with ART treatment choices should be explained fully when counseling patients who are
considering ART.

Introduction

Since 1978, assisted reproductive technology (ART) procedures have been used to overcome infertility. ART
procedures include those infertility treatments in which both eggs and sperm are handled in the laboratory for
the purpose of establishing a pregnancy (i.e., in vitro fertilization [[VF] and related procedures). Since the birth
of the first U.S. infant conceived with ART in 1981, use of these treatments has increased dramatically. Both the
number of medical centers providing ART services and the number of procedures performed annually in the
United States have steadily increased (7).

In 1992, Congress passed the Fertility Clinic Success Rate and Certification Act (FCSRCA),* which requires
each medical center in the United States that performs ART procedures to report data to CDC annually on every
ART procedure initiated. CDC uses the data to report medical center--specific pregnancy success rates. In 1997,
CDC published the first surveillance report under this mandate (2). That report was based on ART procedures
performed in 1995. Since then, CDC has continued to publish a surveillance report annually that details each
medical center's success rates. CDC also has used this surveillance data file to perform more in-depth analyses
of infant outcomes (e.g., multiple births) (3--/0). Multiple-infant births are associated with greater health
problems for both mothers and infants, including higher rates of caesarean deliveries, prematurity, low
birthweight, and infant death and disability (//,72). In the United States, ART has been associated with a
substantial risk for multiple gestation pregnancy and multiple birth (3--70). In addition to the multiple-birth
risks, studies suggest an increased risk for low birthweight among singleton infants conceived through ART
(13,14). This report is based on ART surveillance data provided to CDC's National Center for Chronic Disease
Prevention and Health Promotion, Division of Reproductive Health, regarding procedures performed in 2005. A
report of these data, according to the medical center in which the procedure was performed, was published
separately (/). In this report, emphasis is on presenting state-specific data and more detailed data regarding risks
associated with ART (e.g., multiple birth, low birthweight, and preterm delivery).

Methods

CDC contracted with Westat, Inc., to collect data on ART procedures performed in 2005 from medical centers in
the United States and its territories. Data collected include patient demographics, medical history and infertility
diagnoses, clinical information pertaining to the ART procedure, and information regarding resultant



pregnancies and births. The data file is organized with one record per ART procedure performed. Multiple
procedures from a single patient are not linked. Ninety percent of ART medical centers reported their 2005 data
(1). The names of nonreporting programs were published as prescribed by the FCSRCA.

ART data and outcomes from ART procedures are presented by patient's state of residence at time of treatment.
If the patient's state of residency was missing, the state of residency was assigned as the state in which the ART
procedure was performed. In addition, data regarding the number of ART procedures in relation to the total

population for each state are indicated. Data regarding number of procedures also are presented by treatment
type and stage of treatment. ART procedures are classified into four groups according to whether the ART cycle
involved the retrieval and fertilization of eggs (fresh cycle) or the thawing of previously frozen embryos (frozen
cycle), and whether the eggs or embryos were those of the intended mother or were from a donor. Because both
live-birth rates and multiple-birth risk vary substantially among these four treatment groups, data are presented
separately for each type.

In addition to treatment types, within a given treatment procedure, different stages of treatment exist. A typical
ART procedure begins when a woman starts taking drugs to stimulate egg production or her ovaries are
monitored with the intent of transferring embryos to her uterus. If eggs are produced, the procedure progresses
to the egg retrieval stage. After the eggs are retrieved, they are combined with sperm in the laboratory (IVF),
and if IVF is successful, the resulting embryos are selected for transfer. If the embryo implants in the uterus, a
clinical pregnancy is diagnosed by the presence of a gestational sac detectable by ultrasound. Depending on the
age of the mother, between 13% and 55% of clinical pregnancies are lost at a later point, mostly during the 12
weeks (/6). Beyond 12 weeks of gestation, the pregnancy usually progresses to a live-birth delivery, which is
defined as the delivery of one or more live-born infants. Only ART procedures involving freshly fertilized
embryos include an egg-retrieval stage. ART procedures using thawed embryos do not include egg retrieval
because eggs were fertilized during a previous procedure, and the resulting embryos were frozen until the
current procedure. An ART procedure can be discontinued at any step for medical reasons or by the patient's
choice.

Although a typical ART procedure includes IVF of gametes, culture for >2 days, and embryo transfer into the
uterus (i.e., transcervical embryo transfer), in certain cases, unfertilized gametes (eggs and sperm) or zygotes
(early embryos [i.e., a cell that results from fertilization of the egg by a sperm]) are transferred into the fallopian
tubes within 1--2 days of retrieval. These are known as gamete and zygote intrafallopian transfer (GIFT and
ZIFT). Another variation is intracytoplasmic sperm injection (ICSI), in which IVF is accomplished by selection
of a single sperm that is injected directly into the egg. This technique was developed originally for couples with
male factor infertility but now is commonly used for an array of diagnostic groups.

This report presents data for each of the four treatment types: freshly fertilized embryos from the patient's eggs,
freshly fertilized embryos from donor eggs, thawed embryos from the patient's eggs, and thawed embryos from
donor eggs. In addition, it provides detailed data for the most common treatment type, those using freshly
fertilized embryos from the patient's eggs. These procedures account for >70% of the total number of ART
procedures performed each year. For procedures that progressed to the embryo-transfer stage, the report presents
the percentage distribution of selected patient and treatment factors and the success rates (defined as live-birth
deliveries per ART-transfer procedure), according to the same patient and treatment characteristics.

Patient factors included the age of the woman undergoing ART, whether she had previously given birth, the
number of previous ART attempts, and the infertility diagnosis of both the female and male partners. The
patient's age at the time of the ART procedure was grouped into five age groups: age <35 years, 35--37 years,
38--40 years, 41--42 years, and >42 years. Infertility diagnoses ranged from one factor in one partner to multiple
factors in one or both partners, as follows:

e tubal factor --- the woman's fallopian tubes are blocked or damaged, causing difficulty for the egg to be
fertilized or for an embryo to travel to the uterus;

¢ ovulatory dysfunction --- the ovaries are not producing eggs normally; such dysfunctions include
polycystic ovarian syndrome and multiple ovarian cysts;



¢ diminished ovarian reserve --- the ability of the ovary to produce eggs is reduced; reasons include
congenital, medical, or surgical causes or advanced age;

e endometriosis --- involves the presence of tissue similar to the uterine lining in abnormal locations; this
condition can affect both fertilization of the egg and embryo implantation;

¢ uterine factor --- a structural or functional disorder of the uterus that results in reduced fertility;

e male factor --- a low sperm count or problems with sperm function that cause difficulty for a sperm to
fertilize an egg under normal conditions;

e other causes of infertility --- immunologic problems or chromosomal abnormalities, cancer chemotherapy,
or serious illnesses;

¢ unexplained cause --- no cause of infertility was detected in either partner;

e multiple factors, female --- diagnosis of one or more female cause; or

e multiple factors, male and female --- diagnosis of one or more female cause and male factor infertility.

Treatment factors included the following:

¢ the number of days the embryo was cultured;

¢ the number of embryos that were transferred,

e whether the procedure was [VF-transfer only, IVF with ICSI, GIFT, ZIFT, or a combination of IVF with
or without ICSI and either GIFT or ZIFT;

e whether extra embryos were available and cryopreserved; and

e whether a gestational carrier (i.e., surrogate) received the transferred embryos with the expectation of
gestating the pregnancy.

The number of embryos transferred in an ART procedure was categorized as 1, 2, 3, 4, or >5. The number of
days of embryo culture was calculated using dates of egg retrieval and embryo transfer and was categorized as
1,2,3,4,5, or 6. Because of limited sample sizes, live-birth rates are presented only for the two most common
days, day 3 and day 5. For the same reason, live-birth rates are presented for IVF with and without ICSI and not
for GIFT and ZIFT. ICSI was subdivided as to whether it was used among couples receiving a diagnosis
involving male factor (the original indication for ICSI treatment) or not.

Chi-square tests evaluated the significance of differences in live-birth rates by select patient and treatment
factors within each age group. Multivariable logistic regression models evaluated the independent effects of
patient factors (diagnosis, number of previous ART procedures, and number of previous births) on the chance to
have a live birth as a result of an ART treatment. Because patient age is a strong predictor for live birth, separate
models were constructed for each age group; these models provide an indication of the variability in live-birth
rates based on patient factors separately for each age category. For these analyses, the referent groups included
patients with a tubal factor diagnosis, no previous ART procedures, and no previous births. Multivariable
models did not include treatment factors because of multicollinearity between certain treatment factors and
multiple potential effect modifications. Rather, detailed stratified analyses were performed to elucidate
additional details related to associations among different treatment factors and the live-birth rate.

In addition to the overall live-birth rate, the report presents a second measure of success based on the delivery of
a live singleton. Singleton live births are a key measure of ART success because they carry a much lower risk
than multiple-infant births for adverse health outcomes, including prematurity, low birthweight, disability, and
death.

The report addresses multiple birth as a separate outcome measure. First, each multiple-birth delivery is
evaluated as a single event, defined as the delivery of two or more infants, at least one of which was live-born.
The multiple-birth risk thus was calculated as the proportion of multiple-birth deliveries among total live-birth
deliveries. In additional analyses, each infant in a multiple birth was considered separately to compute the
proportion of all infants born from multiple deliveries and the proportion of all live-born infants who were

multiples.§ Each of these measures represents a different focus. The multiple-birth risk, which is based on the
number of deliveries or infant sets, provides an estimate of the risk of multiple birth posed by ART to the
woman. The proportion of infants born in a multiple-birth delivery provides a measure of the impact of ART



procedures on children in the population. The report presents both measures by type of ART procedure and by
maternal age for births conceived with the patient's eggs, and provides details on the multiple-birth risk by
patient's age, number of embryos transferred, and whether additional embryos were available and cryopreserved
for future use. Embryo availability (an indicator of embryo quality) is an independent predictor of the number of
embryos transferred (3,6). The report also presents the multiple-birth risk for embryos cultured through day 3
and day 5 by patient's age, number of embryos transferred, and whether additional embryos were available and
cryopreserved for future use. The proportion of infants born in a multiple-birth delivery is presented separately
by patient's state of residency at the time of ART treatment.

Additional analyses evaluated the impact of ART procedures on total births in the United States in 2005.
Because the goal of the analysis was to assess the effect of ART on the 2005 U.S. birth cohort and the ART
surveillance system is organized according to the date of the ART procedure rather than the infant's date of birth,
these analyses employed data drawn from two different ART reporting years and covered 1) infants conceived
from ART procedures performed in 2004 and born in 2005 (approximately two thirds of the live-birth deliveries
reported to the ART surveillance system for 2004); and 2) infants conceived from ART procedures performed in
2005 and born in 2005 (approximately one third of the live-birth deliveries reported to the ART surveillance
system for 2005). The U.S. natality files from CDC's National Center for Heath Statistics provided data on the
total number of live births and multiple births registered in the United States in 2005 (/7). The report presents
the results of these analyses by plurality of birth.

Additional analyses addressed adverse infant health outcomes, including low birthweight, very low birthweight,
and preterm delivery. Because ART providers do not provide continued prenatal care after a pregnancy is
established, birthweight and date of birth were collected via active follow-up with ART patients (85%) or their
obstetric providers (15%). Although ART clinic staff collects limited information on infant outcomes, maternal
health outcomes are not investigated systematically. Low birthweight and very low birthweight were defined as
<2,500 grams and <1,500 grams, respectively. The exact gestational age was calculated as date of birth minus
date of egg retrieval (and fertilization). If the date of retrieval was missing, and for procedures that used frozen
embryos, gestational age was calculated as date of birth minus date of embryo transfer. For comparability with
the general population, which is based on the date of the last menstrual period (LMP), the exact gestational age
was adjusted by adding 14 days to the gestational age estimate. Preterm delivery was defined as gestational age
<37 weeks. Preterm low birthweight was defined as gestational age <37 weeks and birthweight <2,500 grams.
Term low birthweight was defined as gestational age >37 weeks and birthweight <2,500 grams. The rates for
low birthweight, very low birthweight, preterm low birthweight, and term low birthweight among ART infants
born in 2005 are presented by plurality of birth. In addition, data for each of the five outcomes are presented for
ART singletons born in 2005 by type of procedure. For the most common procedure type, those using freshly
fertilized embryos from the patient's eggs, the rates for each outcome also are presented according to maternal
age and number of previous live births. Chi-square tests evaluated the significance of differences in these five
outcomes by type of ART procedure, maternal age, and number of previous births. All analyses were performed

using the SAS® software system (/8).

Results

Of 475 medical centers in the United States and surrounding territories that performed ART procedures in 2005,
a total of 422 (90%) provided data to CDC (Figure 1). The majority of medical centers that performed ART
procedures were in the eastern United States, in or near major cities. The number of medical centers performing
ART procedures varied by state. The states with the largest number of ART medical centers reporting data for
2005 were California (59), New York (33), Florida (29), Illinois (29), and Texas (29). Four states (Alaska,
Maine, Montana, and Wyoming) and three U.S. territories (Guam, the Federated States of Micronesia, and the
U.S. Virgin Islands) had no ART medical centers.

Number and Type of ART Procedures



A total of 134,260 ART procedures performed in 2005 were reported to CDC (Table 1). This number excludes
358 ART procedures (<1%) performed in 2005 that involved the evaluation of a new treatment procedure. The
largest number of ART procedures occurred among patients who used their own freshly fertilized embryos
(97,442 [73%]). Of the 134,260 procedures started, 112,255 (84%) progressed to embryo transfer. Overall, 42%
of ART procedures that progressed to the transfer stage resulted in a pregnancy; 35% resulted in a live-birth
delivery; and 24% resulted in a singleton live birth. Pregnancy rates, live-birth rates, and singleton live-birth
rates varied according to type of ART. ART procedures that used donor eggs and freshly fertilized embryos had
the highest success rates (61% pregnancy rate, 52% live-birth rate, and 31% singleton live-birth rate), and
procedures using the patient's eggs and thawed embryos had the lowest (36% pregnancy rate, 28% live-birth
rate, and 22% singleton live-birth rate).

The 38,910 live-birth deliveries from ART procedures performed in 2005 resulted in 52,041 infants (Table 1);
the number of infants born was higher than the number of live-birth deliveries because of multiple-infant births.
A total of 26,572 singleton infants were born as a result of ART. The largest proportion of infants born (36,300
or 70%) was from ART procedures in which patients used freshly fertilized embryos from their own eggs.

The two states that had the most ART medical centers (California and New York) also had the highest numbers
of ART procedures performed (Table 2). The largest numbers of ART procedures performed in 2005 were
among residents of California (18,655), New York (12,032), Illinois (9,449), New Jersey (9,325), and
Massachusetts (8,571). The five states with the largest number of ART procedures performed also ranked
highest for numbers of live-birth deliveries. ART procedures were performed for residents of certain states and
territories without an ART medical center (Alaska, Maine, Montana, Guam, Federated States of Micronesia,
U.S. Virgin Islands, and Wyoming); however, each accounted for a limited percentage (<1%) of total ART usage
in the United States. Non-U.S. residents accounted for <1% of ART procedures, live-birth deliveries, and infants
born. The ratio of number of ART procedures per 1 million population ranged from 108 in Puerto Rico to 1,340
in Massachusetts, with an overall average of 453 ART procedures started per 1 million persons.

Characteristics of Patients and ART Treatments Among Women Who Used Freshly Fertilized Embryos
from Their Own Eggs

Forty-five percent of ART transfer procedures that used freshly fertilized embryos from the patient's eggs were
performed on women aged <35 years, 24% on women aged 35--37 years, 19% on women aged 38--40 years,
8% on women aged 41--42 years, and 4% on women aged >42 years. Patient and treatment characteristics of
these women varied by age (Table 3). Tubal factor and male factor infertility were more common among ART
procedures in women aged <40 years than among procedures in older women. In contrast, diminished ovarian
reserve, reported for only 2% of women aged <35 years, was reported for 20% of procedures in women aged
41--42 years and 28% of procedures in women aged >42 years. Unexplained infertility was reported in 9%-
-15% of ART transfer procedures, multiple female factors in 9%--16%, and both male and female factors in
18%--21%.

Approximately 65% of ART procedures among women aged <35 years were reported as the first ART procedure
for that patient. The percentage of ART procedures among women who had undergone at least one previous
procedure increased with age: only 43% of procedures among women aged >42 years were reported as the first
procedure for that patient. The percentage of procedures performed in a woman who had had a previous birth

also increased with age, from 21% in women aged <35 years to 37% of women in the oldest age group.'”

The majority of ART procedures used IVF, and <1% used GIFT or ZIFT. Use of ICSI was common among
couples with or without a diagnosis of male factor infertility, and varied by patient age. Despite variation among
all age groups, the total proportion of procedures using ICSI was greater than the proportion of IVF without
ICSI.

The majority of procedures included embryo culture for 3 days; the next most common procedure involved
embryo culture to day 5. Culture to day 5 often coincides with development of the embryo to the blastocyst



stage; this technique was used more frequently among younger women, possibly because ART procedures
performed in younger women yielded more embryos that can survive in culture through day 5.

The majority of ART procedures involved transfer of more than one embryo. Among women aged <35 years,
93% of procedures involved the transfer of two or more embryos, and 34% involved transfer of three or more
embryos. For women aged >42 years, 81% involved transfer of two or more embryos, and 61% involved
transfer of three or more embryos. The availability of extra embryos (an indicator of overall embryo quality)
decreased with age. Extra embryos were available and cryopreserved for 45% of procedures among women
aged <35 years, whereas only 5% of procedures among women aged >42 years yielded extra embryos that were
cryopreserved. Data were not available regarding extra embryos that were not cryopreserved for future use.
Overall, 1% of ART transfer procedures used a gestational carrier or surrogate.

Live-Birth Rates Among Women Who Used Freshly Fertilized Embryos from Their Own Eggs

Live-birth rates for women who underwent ART procedures that used freshly fertilized embryos from their own
eggs also varied by patient age and selected patient and treatment factors (Table 4). Although the average live-
birth rate for ART-transfer procedures performed among women who used their own freshly fertilized eggs was
34%, it sharply declined with age, from 43% among women aged <35 years to 6% among women aged >42
years. Success rates did not vary significantly across diagnostic categories. Live-birth rates were higher than the
age-specific average rate for procedures among women aged <35 years whose infertility diagnosis was
classified as ovulatory dysfunction, endometriosis, or male factor infertility, and for procedures among women
aged >42 years with an infertility diagnosis of ovulatory dysfunction or male factor. Live-birth rates were lower
than average for procedures among women aged >42 years with an infertility diagnosis of endometriosis or
uterine factor. Live-birth rates were lower for procedures in women aged <42 years who had undergone a
previous ART procedure than for first procedures. The system does collect information on whether previous
ART procedures were successful. Live-birth rates were higher for procedures in women who had one or more
previous births and had higher live-birth rates than for procedures in women with no previous births. However,
this difference was not statistically significant for procedures in women aged >40 years. Multivariable
adjustment for patient factors within each age strata demonstrated similar patterns (data not presented).

Live-birth rates were higher for procedures in women who had ART procedures that used IVF-ET without ICSI,
in comparison with procedures that used ICSI, regardless of whether male factor infertility was reported (Table
4). In all age groups except women aged 41--42 years, live-birth rates were lowest for procedures in couples
who used ICSI in the absence of male factor infertility; however, in all age groups, live-birth rates were higher
than average for procedures among women who had extended embryo culture to day 5, transferred two or more
embryos, and had extra embryos available and cryopreserved for future use. Variations in live-birth rates were
statistically significant for these treatment factors within all age groups. Live-birth rates increased in all age
groups except for women aged >42 years when a gestational carrier was used; however, these results did not
achieve statistical significance in any age group. All of the results for treatment factors need to be considered
cautiously because treatment was not randomized but rather based on medical center assessment and patient
choice. Thus, comparisons in success rates are prone to confounding by indication.

Although variability in live-birth rates among patients who used different treatment options cannot be
completely adjusted for determinants of treatment assignment (i.e., confounding by indication might remain
after adjustment), stratified analyses were used to examine associations between treatment factors and live-birth
rates among more homogenous groups of patients. To address concerns that, in the absence of male factor
infertility, ICSI might be used preferentially for women considered difficult to treat, multiple groups of patients
with poor prognostic profiles were evaluated separately (data not presented). These groups included women
who underwent previous ART cycles but had no previous pregnancies or births, women diagnosed with
diminished ovarian reserve, and women with fewer than five eggs retrieved. Within each of these groups, age-
specific--live-birth rates for IVF-ET with and without ICSI were examined. In all analyses, except for women
aged >42 years with less than five eggs retrieved, women who used IVF with ICSI had lower success rates than
women who used IVF without ICSI; the pattern of these results (data not presented) is consistent with the
findings presented in this report (Table 4). Data regarding women deemed to have a higher probability of



success (i.e., women with more than 10 eggs retrieved, women with diagnoses other than diminished ovarian
reserve, and women with extra embryos cryopreserved for future use) were evaluated separately (data not
presented) to adjust for the possibility that day 5 embryo transfers might have been used preferentially for
women with better prognoses. Within each of these subgroups, age-specific--live-birth rates were lower for
embryo transfers on days 1--4 compared with day 5 transfers. Finally, additional analyses were stratified by
patient age, number of embryos transferred, day of embryo transfer (day 3 or day 5), and number of embryos
available simultaneously. These results are included with the discussion regarding multiple-birth risk.

Total live-birth rates were compared with singleton live-birth rates for procedures employing freshly fertilized
embryos from the patient's eggs (Figure 2). Both live-birth rates and singleton live-birth rates decreased with
patient age. Across all age groups, singleton live-birth rates were lower than live-birth rates. However, the
magnitude of the difference between these two measures declined with patient age.

Multiple-Birth Risks Associated with ART

Of 12,338 multiple-birth deliveries, 8,662 (70%) were from pregnancies conceived with freshly fertilized
embryos from the patient's eggs, 1,199 (10%) were from thawed embryos from the patient's eggs, 2,059 (17%)
were from freshly fertilized embryos from a donor's eggs, and 418 (3%) were from thawed embryos from a
donor's eggs (Table 5). In comparison with ART procedures that used the patient's eggs and freshly fertilized
embryos, the risks for multiple-birth delivery were increased when eggs from a donor were used and decreased
when thawed embryos were used. Among ART procedures in which freshly fertilized embryos from the patient's
own eggs were used, a strong inverse relation existed between multiple-birth risk and patient age. The average
multiple-birth risk for ART procedures in which freshly fertilized embryos from the patient's eggs were used
was 32%. The multiple-birth risk varied from 36% among women aged <35 years to 13% among women aged
>472 years.

Of 52,041 infants born through ART, 49% (25,469) were born in multiple-birth deliveries (Table 5). The
proportion of infants born in a multiple-birth delivery also varied by type of ART procedure and patient age.
Among ART transfer procedures in which the patient used freshly fertilized embryos from their own eggs, the
proportion of infants born in a multiple-birth delivery ranged from 53% in women aged <35 years to 23% in
women aged >42 years. Among ART transfer procedures in which thawed embryos from the patient's eggs were
used, the proportion of infants born in a multiple-birth delivery ranged from 40% in women aged <35 years to
21% in women aged >42 years. When thawed embryos from donor eggs were used, the proportion of infants
born in a multiple-birth delivery was 43%. The proportion of infants born in a multiple-birth delivery was
highest (59%) in women who used freshly fertilized embryos from donor eggs.

A more detailed examination of multiple-birth risk for ART procedures employing freshly fertilized embryos
from the patient's own eggs revealed that the number of embryos transferred was a key risk factor for multiple-
birth delivery, but that the magnitude of the association varied by patient age (Table 6). Among all age groups,
transfer of two or more embryos was associated with increased live-birth delivery rates. However, the multiple-
birth risk also was increased substantially. Among women aged <37 years, the percentage of triplet or higher-
order deliveries increased steadily with increasing number of embryos transferred from two to five or more. For
women aged 38--40 years, the percentage of twin deliveries increased steadily with the number of embryos
transferred. This trend was not apparent for procedures in women aged >40 years, possibly because women in
these age groups have embryos with reduced implantation potential and therefore are less likely to have multiple
births.

Additional analyses addressed multiple-birth risk among patients who used freshly fertilized embryos from their
own eggs and set aside extra embryos for future use (Table 6). These patients can be thought of as those with
elective embryo transfer because they chose to transfer fewer embryos than the total number that were available.
For procedures in women with elective embryo transfer who were aged <35 years, live-birth rates were 43%
when only one embryo was transferred and 53% when two embryos were transferred. The higher live-birth rate
after transfer of two embryos was associated with a large increase in the multiple-birth risk (38.5% compared
with 1.9% after single embryo transfer).



For procedures in women aged 35--37 years, live-birth rates were 39% with elective embryo transfer of a single
embryo and 47% when two embryos were transferred. As in the younger age category, the higher live-birth rate
after transfer of two embryos was associated with a large increase in the multiple-birth risk (32.7% compared
with 2.1% after single embryo transfer).**

Among patients who used freshly fertilized embryos from their own eggs, the live-birth rates and multiple-birth
risks typically were higher for embryo transfers on day 5 than on day 3 (Table 7). Overall, across all age groups,
fewer embryos were transferred on day 5 than on day 3. For example, among women aged <35 years, two or
fewer embryos were transferred in 86% of day 5 transfers and in 57% of day 3 transfers. Similarly, in women
aged <35 years, 92% of day 5 elective transfers and 67% of day 3 elective transfers involved the transfer of two
or fewer embryos. As noted previously, both live-birth rates and multiple-birth risks were higher for patients
who had elective embryo transfers. For women with elective embryo transfer on day 5 who were aged <35
years, the percentage of transfers resulting in live births was 48% when one embryo was transferred and 58%
when two embryos were transferred. By contrast, the multiple-birth risks in these two groups were 3% and 44%,
respectively. Thus, the 10% increase in the live-birth rate was accompanied by a 41% increase in the risk for a
multiple delivery. If success is measured in terms of singleton live-birth, the highest success rates for this group
were with one embryo transferred. This also was true for women aged 35--37 years with elective single embryo
transfers on day 5 (Table 7).

The states with the highest number of ART-associated live-birth deliveries also had the highest number of
infants born in multiple-birth deliveries (Table 8). These include California (3,635), New York (1,768), New
Jersey (1,692), Texas (1,666), Illinois (1,501), and Massachusetts (1,293). Nationwide, the percentage of ART-
born infants who were born in multiple-birth deliveries was 49%; the percentage of twins was 44% and that of
triplets or higher-order multiples was 5%. The percentage of ART-born infants in multiple-birth deliveries was
>50% in the majority of states. The states with the highest proportion of ART-born infants in multiple-birth
deliveries were New Mexico (56%), Utah (56%), Oregon (56%), Montana (56%), Idaho (54%), Texas (54%),
Alabama (54%), and Kansas (54%); however, these findings should be interpreted with caution because of an
overall low number of live births resulting from ART in certain states.

Of 4,138,349 infants born in the United States in 2005, a total of 49,308 (1%) were conceived with ART (Table
9). Infants conceived with ART accounted for 0.6% of singleton births and 17% of multiple births nationwide;
16% of all twins and 38% of infants born in triplets or higher-order multiples were conceived with ART.

Perinatal Risks Associated with ART

The percentage of infants with low birthweight varied from 9% among singletons to 95% among triplets or
higher-order multiples. The percentages of very low birthweight, preterm, and preterm low birthweight followed
similar patterns (Table 10).

The percentages of ART singletons that were low birthweight and preterm varied by procedure type and selected
maternal factors (Table 11). In comparison with singletons born after procedures that used freshly fertilized
embryos derived from the patient's eggs, singletons born after procedures that used freshly fertilized embryos
derived from donor eggs were at increased risk for three perinatal outcomes: low birthweight, preterm delivery,
and preterm low birthweight. Singletons born after procedures that used thawed embryos were at decreased
risks for low birthweight and term low birthweight; however, they were at increased risk for preterm delivery
overall. The variation in risk across procedure types was not statistically significant for very low birthweight
and preterm low birthweight.

More detailed analysis of maternal factors among singletons born after procedures that used freshly fertilized
embryos derived from the patient's eggs indicated higher risks of low birthweight, very low birthweight, preterm
delivery, and preterm low birthweight for women aged 41--42 years. Higher risks for low birthweight and term
low birthweight were observed among mothers with no previous births; the variation in risks was statistically
significant (p<0.01) for both of these outcomes.



Discussion

According to the most recent estimates of infertility in the United States, 10% of women of reproductive age
(15--44 years) reported a previous infertility-associated health-care visit, and 2% reported a visit during the
previous year (/9). Among married couples in which the woman was of reproductive age, 7% reported they had
not conceived after 12 months of unprotected intercourse. With advances in ART, couples are increasingly
turning to this form of treatment to overcome their infertility.

Since the birth of the first infant through ART in the United States in 1981, use of ART has grown substantially.
The use of ART has consistently increased in the United States since 1996, when CDC began ART surveillance.
The increased use of ART, coupled with higher ART success rates, has resulted in dramatic increases in the
number of children conceived through ART each year. The number of ART procedures reported to CDC has
more than doubled, from 64,681 in 1996 to 134,260 in 2005 (/). During the same period, the number of infants
conceived through ART procedures more than doubled, from 20,840 to 52,041.

This report documents that in 2005, ART use varied according to the patient's state of residency. Residents of
California, New York, Illinois, New Jersey, Massachusetts, and Texas reported the highest number of ART
procedures. These states also reported the highest number of infants conceived through ART. In 2005, ART use
by state of residency was not completely in line with expectations based on the total population within states
(15). Whereas Massachusetts had the fifth highest number of ART procedures performed, it ranked fourteenth in

total population size.TT Similarly, residents of District of Columbia, Rhode Island, and Hawaii underwent more
ART procedures than would have been expected based on their population sizes. As a result, state-specific ratios
of ART procedures by population varied according to state of residency. The highest ratios of the number of
ART procedures among state residents per 1 million population were observed in Massachusetts (1,340),
District of Columbia (1,166), New Jersey (1,070), Maryland (837), Connecticut (783), and Rhode Island (774).
This divergence is not unexpected because, in 2005, Connecticut, Massachusetts, New Jersey, and Rhode Island
had statewide mandates for insurance coverage for ART procedures. Variation within states also might be related
to availability of ART services within each state. However, the relation between demand for services and
availability cannot be disentangled (e.g., increased availability in certain states might reflect the increased
demand for ART among state residents).

Among women who used fresh fertilized embryos from their own eggs, patient factors (e.g., infertility
diagnoses, history of previous ART procedures, and previous births) varied considerably by age. The proportion
of procedures in which the couple received a diagnosis of ovulatory dysfunction, endometriosis, or male factor
infertility decreased with the woman's age, whereas the proportion of procedures in which the couple received a
diagnosis of diminished ovarian reserve increased with the woman's age. History of previous ART and previous
births were more common among older women. In addition, treatment factors varied considerably by the age of
the woman. The proportion of procedures in which embryo transfer occurred on day 5 (i.e., the blastocyst stage)
declined with the age of the woman, whereas the proportion of procedures in which three or more embryos were
transferred increased steadily with age.

Because ART success rates are affected by multiple patient and treatment factors, using a single measure of
success is not sufficient to evaluate ART efficacy. At a minimum, ART procedures should be subdivided on the
basis of the source of the egg (patient or donor) and the status of the embryos (freshly fertilized or thawed)
because success rates vary substantially across these types. Within the type of ART procedure, further variation
exists in success rates by patient and treatment factors, most notably patient age. Other factors to consider when
assessing success rates are infertility diagnosis, number of previous ART procedures, number of previous births,
method of embryo fertilization and transfer, number of days of embryo culture, number of embryos transferred,
availability of extra embryos, and use of a gestational carrier (i.e., surrogate). Variation exists in success rates
according to each of these factors.

CDC's primary focus in collecting ART data has been on live-birth deliveries as an indicator of success because
ART surveillance activities were developed in response to a federal mandate to report ART success rate data.
This mandate requires that CDC collect data from all ART medical centers and report success rates, defined as



all live births per ovarian stimulation procedures or ART procedures, for each ART medical center. Therefore, a
key role for CDC has been to publish standardized data related to ART success rates, including information
regarding factors that affect these rates. With these data, persons and couples can make informed decisions

regarding whether to undergo this time-consuming and expensive treatment (20).§§ However, success-rate data
also should be balanced with consideration of effects on maternal and infant health. CDC receives data on
pregnancy outcomes of public health significance, which enables CDC to monitor multiple-birth rates, preterm
delivery, and low birthweight associated with ART.

In the United States, multiple births have increased substantially since the 1980s (/7,27). The increase in
multiple births has been attributed to an increased use of ART and delayed childbearing (5,22,23). Although
infants conceived with ART accounted for 1% of the total births in the United States in 2005, the proportion of
twins and triplets or higher-order multiples attributed to ART were 16% and 38%, respectively. In 1999, the
Society for Assisted Reproductive Technology and the American Society for Reproductive Medicine issued
voluntary guidelines (24) on the number of embryos transferred; these guidelines were revised in 2004 (25) and
2006 (26).

In certain states, ART procedures are not covered by insurance carriers, and patients might feel pressured to
maximize the opportunity for live-birth delivery. In addition, if success is defined solely as total live-birth
delivery, anecdotal evidence suggests that certain ART providers might feel pressure to transfer multiple
embryos to maximize their publicly reported success rates (27). In the United States, multiple embryo transfer
was still a common practice in 2005; approximately 47% of ART procedures that used fresh, nondonor eggs or
embryos and progressed to the embryo-transfer stage involved the transfer of three or more embryos.
Approximately 18% of procedures involved the transfer of four or more, and 6% of procedures involved the
transfer of five or more embryos (/). Among women aged <35 years, the proportion of ART procedures that
involved four or more embryos transferred was approximately 8% because women in this age category typically
experience higher success rates with fewer embryos transferred. Multiple scientific reports have advocated that
singleton live-birth rates be presented as a distinct indicator of ART success (28--34). This report includes this
measure (Figure 2) and presents it with total live-birth rates. Success rates based on singleton live-birth
deliveries will provide patients with a measure that more directly highlights infant outcomes with the optimal
short- and long-term prognosis. Twins, albeit to a lesser extent than triplets or higher-order multiples, have
substantially increased risks for infant morbidity and mortality. The risks for low birthweight and preterm birth
both exceed 57% for twins, and the risk for very low birthweight is 9% (/7). In addition, because twins are at
substantially increased risk for perinatal and infant mortality (/7,21), singleton live-birth rates are a valid
measure of success.

Data in this report indicate that 49% of infants born through ART in 2005 were born in multiple--birth
deliveries, compared with 3% in the general U.S. population (/7). The twin rate was 44%, compared with 3% in
the general U.S. population, and the rate of triplets and higher-order multiples was 5%, approximately 25 times
higher than the general U.S. population rate (0.2%). Regarding the specific type of ART procedure, the
percentage of infants born in multiple-birth deliveries were among the highest for women who underwent ART
procedures that used freshly fertilized embryos from their own eggs (49%) or from donor eggs (59%).

In 26 states, District of Columbia, and Puerto Rico, >50% of infants conceived through ART were born in
multiple-birth deliveries. Multiple births resulting from ART are an increasing public health concern, nationwide
and for the majority of states.

For women who underwent ART procedures using freshly fertilized embryos from their own eggs, the multiple-
birth risk increased when multiple embryos were transferred. Embryo availability, an indicator of embryo
quality, also was a strong predictor of multiple-birth risk independent from the number of embryos transferred.
In analyses stratified by patient age, number of embryos transferred, day of embryo culture (day 3 or 5), and
embryo availability, high live-birth rates and singleton live-birth rates were achieved, particularly among
younger women as transfer of a single embryo was efficacious. In the majority of groups, limiting the number of
embryos transferred can minimize the multiple-birth risk without severely compromising the success rates.



In addition to the known multiple-birth risks associated with ART, singleton infants conceived from ART
procedures are at increased risk for low birthweight and preterm delivery. In 2005, of all singleton infants
conceived with ART, 9% were low birthweight, compared with 6% in the general U.S. population (/6).
Approximately 2% of singleton infants conceived from ART were very low birthweight, compared with
approximately 1% of singletons conceived in the general U.S. population. The percentage of ART singletons
born preterm was higher than the general U.S. population (15% and 11%, respectively). Thus, adverse infant
health outcomes among singletons (e.g., low birthweight and preterm delivery) also should be considered when
assessing the efficacy and safety of ART.

A comparison of perinatal outcomes among ART twins and triplets or higher-order multiples with their
counterparts in the general population is not useful for at least two reasons. First, both ART and non-ART
infertility treatments are estimated to account for a substantial proportion of multiple births in the United States,
and distinguishing naturally conceived from iatrogenic multiple births is not possible. ART accounts for only
1% of the total U.S. births; however, it accounts for 16% of twins and 38% of triplets or higher-order multiples.
Second, the majority of multiple births conceived after ART treatment are likely dizygotic from multiple
embryo transfer. Among natural conceptions, approximately one third to one half of twins might be
monozygotic, depending on maternal age (35). Monozygotic twins are at increased risk for adverse outcomes in
comparison with dizygotic twins (36).

Multiple births are associated with an increased health risk for both mothers and infants (//,72,20,22). Women
with multiple-gestation pregnancies are at increased risk for maternal complications (e.g., hemorrhage and
hypertension). Infants born in a multiple-birth delivery are at increased risk for prematurity, low birthweight,
infant mortality, and long-term disability.

The contribution of ART to preterm births in the United States also is a key concern. This report documents that
approximately 42% of ART infants born in 2005 were preterm (Table 10), compared with approximately 13% of
preterm births in the general U.S. population (/7). Preterm infants have increased risk of death and have more
health and developmental problems than full-term infants (37--40). The health risks associated with preterm
births have contributed to increasing health-care costs. The economic burden associated with preterm births in
the United States in 2005 has been estimated to be $26 billion ($51,600 per infant born preterm) (40). ART
infants born preterm accounted for approximately 4% of all preterm births in the United States in 2005, a total
economic burden estimated at $1 billion. ASRM and SART guidelines on the number of embryos transferred in
an ART cycle might help in further reducing the incidence of preterm deliveries, the majority of which are
multiples.

The findings in this report are subject to several limitations. First, ART surveillance data were reported for each
ART procedure performed rather than for each patient who used ART. Linking procedures among patients who
underwent more than one ART procedure in a given year is not possible. Because patients who underwent more
than one procedure in a given year were most likely to include those in which a pregnancy was not achieved, the
success rates reported might underestimate the true per-patient success rate. In addition, ratios of ART
procedures per population might be higher than the unknown ratio of the number of persons undergoing ART
per population. Second, these data represent couples who sought ART services in 2005; therefore, success rates
do not represent all couples with infertility who were potential ART users in 2005. Third, because treatment was
not randomized but rather based on medical center assessment and patient choice, results for treatment factors
must be considered with caution. Finally, approximately 11% of medical centers that performed ART in 2005
did not report their data to CDC as required.

ART data are reported to CDC by the ART medical center in which the procedure was performed rather than by
the state in which the patient resided. In this report, ART data are presented by the female patient's state of
residence. Residency data were missing for approximately 8% of all live-birth deliveries resulting from ART
procedures started in 2005. In cases of missing residency data, residency was assigned as the state in which the
ART procedure was performed. Thus, the number of procedures performed among state residents, number of
infants, and number of multiple-birth infants might have been overestimated for certain states. Concurrently, the
numbers might be underestimated in states that border states with missing residency data, particularly states in
the Northeast region of the United States. Nonetheless, the effects of missing residency data were not



substantial. Statistics were evaluated separately according to the location of the ART medical center rather than
the patient's state of residence. The rankings of the ART medical center location by total number of infants and
multiple-birth infants were similar to the rankings based on patient's state of residence (data not presented).

The patient's state of residence was reported at the time of ART treatment. The possibility of migration during
the interval between ART treatment and birth exists. U.S. Census Bureau data indicate that approximately 3% of
the U.S. population moves between states annually; this rate is even higher for persons aged 20--34 years (41).

Members of the U.S. armed forces have a high potential for migration. Therefore, ART procedures performed
among patients who attended military medical centers were evaluated separately. In 2005, 0.7% ART procedures
were performed in four military medical centers (California, District of Columbia, Hawaii, and Texas). In
certain facilities, a substantial number of distinct states were listed for patient's state of residence. States and
territories for which >1% of ART procedures among residents were performed in a military medical center were
Alaska, Delaware, District of Columbia, Guam, Hawaii, Kansas, Maryland, New Mexico, North Carolina,
Oklahoma, South Carolina, Texas, Virginia, and Wyoming. States for which >5% of ART procedures among
state residents were performed in a military medical center were District of Columbia, Guam, and Hawaii.
Despite these limitations, findings from national surveillance of ART procedures performed in the United States
provide useful information for patients contemplating ART, ART providers, and health-care policy makers. ART
surveillance data can be used to monitor trends in ART use and outcomes from ART procedures. Data from ART
surveillance can be used to assess patient and treatment factors that contribute to higher success rates. Ongoing
surveillance data can be used to assess the risk for multiple births and adverse perinatal outcomes among
singleton births. Surveillance data provide information to assess changes in clinical practice related to ART
treatment.

Increased use of ART procedures and the practice of transferring multiple embryos during ART treatments have
led to high multiple-birth rates in the United States (3, /0). Balancing the chance of success of ART against the
risk for multiple births is challenging. Implementation of approaches to limit the number of embryos transferred
for patients undergoing ART should reduce the occurrence of multiple births resulting from ART. Such efforts
ultimately might lead ART patients and providers to view treatment success in terms of singleton pregnancies
and births. In addition, continued research is needed to understand the adverse effects of ART on maternal and
child health. CDC will continue to provide updates of ART use in the United States as data become available.
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FIGURE 1. Location of assisted reproductive technology (ART) medical centers — United States and Puerto Rico, 2005
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TABLE 2. Number of reported assisted reproductive technology (ART) procedures performed, number of pregnancies, number of
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Mevacda 1184 38 1,062 38 Ll 2 32 19 528 24 4803
INess Harnpehine: T4 o 656 o 275 a | ] a2 1] 5808
New Jersey 9505 455 7 466 383 3205 18 2 585 124 B459 168 1.068.6
ew Mesico an 1 == 1 151 1] 121 ] 168 1] 1613
e iork 12032 80 ‘9801 i 3707 154 2 B35 113 3,807 148 6248
e York City 4681 1.706 3737 1,587 1555 56 1.234 458 1,604 810 5699
Morth Carolina 28487 3 2188 a 523 3 ™ 2 1,029 2 278
MNorth Dakoty a2 [ 188 0 74 /] =] ] B4 1] 204
[, ] 3381 41 2870 36 1,185 10 1,002 o 1,365 1 2032
Cdahoma, 568 2 495 2 264 2 219 1 28 2 160.4
Oregon 1010 & iy} B 450 ] 382 4 53 8 T4
Perngyhania 50m 472 4155 361 1650 17 1,346 07 1808 134 4080
Puerio Facs A£32 23 358 20 148 5 108 o 148 1] 1078
RAhode lzland a3 2 7o) 1 220 1] 244 D N o Tr4.0
South Canolina ara o 888 o 451 1] ame 1] 513 o 2289
South Dakota 176 [i] 154 i ) ] 55 ] 74 i] 2268
TErnetee 1,081 2 BEO 2 441 1 7 1 511 2 1728
Teas 6 BE2 09 a1 ‘| 2 T54 &7 2 245 a7 3103 &1 2878
Litah B2 3 &82 a = 1 264 1 am 1 2681
Vierrnont 174 o 143 o 53 1] ] ] 47 i] iy B
Virgin Islands, U.3 -] o = o 12 1] n ] 1 1] 2300
inginia 4 232 53 3578 55 1471 16 1,204 14 15672 19 sEB2
Washingion 1668 28 1,458 2 726 10 612 B an 9 2653
Weat Virginia 206 i) L o k) 1] &7 ] <) 1] 1150
Wisconsin 1570 2 1,360 7 04 2 510 1 GBS 1 2E3E
Whorming m o =] a 33 1] 2 o 3 1] 1304
Mon-LLE. resident 345 o 310 o 126 1} 103 o 141 1} =
Toltal 134 260 10632 112285 8913 47 651 3 550 38910 2.9 5201 3815 A83.0

* In cases of missing residency data, the patient’s state of residency was assigned s the stale in which the ART procedure was perfamed,

1 Sounce of population size: July 1, 2005 stale population extimates. Population Division_ U3, Census Bureau

5.0 all ART procedures, 0. 7% wene Wimmllmwmﬂmmlnmﬂ Deigtrict of Columbia, Hamaii, and Texas. States and terrtories for which = 1%
of ART procedures among State residents wene periocerned in a military medical cenier were Alaska_ Delaware, Dmh:tmm.nma_ﬁuarn Hawiai, Kansas, Maryand, New
Mexico, Morth Carolina. Okdahoma, South Canolina, Texas, Virginia, and ‘Wyoming. |n District of Columbia, Guam_and Hawai, »5% of ART procedunes among nesidents were
perfomed in a military medical cenber.

lmmmmmmmu.nlﬂmamm

** Non-U.5, residents excluded becauss the appropriaie denominalors wene unknown,
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FIGURE 2. Percentage of transfers resulting in live births and
singleton live births for assisted reproductive technology
procedures performed among women who used freshly fertilized
embryos from their own eggs, by patient’s age group —
United States, 2005

50
M Live births
40 4 O Singleton live births
35.9
S
& 30 27.9
= 254
1 4]
=
& 204 19.0
14.912.?
10+
58 51
0 N
<35 as-ar 2840 4142 =42
n = 45,500 n=185323 n=15127 n=6414 n=23214
Age group (yrs)
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TABLE 3. Percentage distribution of selected patient and treatment factors for assisted reproductive technology (ART) transfer
procedures among patients who used freshly fertilized embryos from their own eggs. by patient’s age group — United States, 2005

Fatient age group (yrs)

=35 A5=37 Jo=40 41-42 =42
{n = 35,509) {m = 18,533) (n = 15,127} (n = 6.413) m=3,213)
PatientiTreatment factors (%) (Y] [E3] (%) %)
Palient faclons
Diagnosis
Tukral tacior 1z 122 1.0 78 6.3
Cwulafory dyafunction a2 B4 a2 25 1.7
Dirminighed owarian resene 22 45 106 195 o7
Endometriosis T2 64 42 24 18
Lefire taciod 11 14 20 20 13
Make fasior 247 196 143 8.3 6.8
Oher causes 56 71 B3 a5 88
Unesplained cause 120 146 148 13 a8
Muitiple faciors, female only 9.0 109 134 150 163
Multiple faciors. female and male 1.7 178 19.6 206 193
Mo previous ART procedunes
o Bl 6 851 801 459 430
=l 354 44.8 498 B4.1 &7.0
MNo. previous bifths
] BT (=1 662 637 G35
=1 na a4 8 363 3.5
Treabwent factors
Methid of embryo terdization and rarsier
IVF-ET without IS 207 21 334 338 330
IVF-ET with IC51 Too 677 662 660 652
IVF-ET wiith K251 among couples
diagnooed with male facior interdility 94 a4 206 264 A
IVF-ET with KoS1 amang couples nol
dagnosed with make Tacior irdertility 305 33 356 0.6 43.4
GIFT [111] oo o1 o1 03
FT oz 02 oz 03 03
Combination [111] oo aa 01 oz
Mo, of days of embryo cuftune®
1 [iN ] o1 01 0.0 o1
2 oz oz oz 04 o4
3 34 3B 3s a8 58
4 626 673 723 T4.3 Trd
=] 29 as 4.3 &1 5.4
G 283 29 174 139 a8
=7 23 20 16 13 0
Mo emibryos transhermed
1 70 80 0.9 142 189
2 BEB 41.0 a52 129 200
3 267 35.0 336 236 203
4 58 nr 216 2.8 174
=% 18 a3 BT 205 25
Extra emnbryo{s) available and cryopresenaed
Yies 850 &7.0 805 E9.8 955
] 450 .0 196 102 45
Liee of gestationsl carnrier
ez 10 11 12 1.3 13
Mo a0 L] 588 8.7 .7

* IVF-ET = in vitro fertlization with tranacervical embeyo transher; IG5 = intracytoplasmic apesm injection; GIFT = gamede intratalloplan trarater; ZIFT = zygobe intrafalioplan
Transier; and Combination » a combinatiion of IVF wilth or without ICS1 and edther GIFT or ZIFT.
tin casss of GIFT, gametes were not culiuned but wene franstered on day 1

Return to top.
Table 4



TABLE 4. Percentages of transfers resulling in live births for assisted reproductive technology (ART) procedures performed
among patients who used freshly fertilized embryos from their own eggs, by patient’s age group and selected patient and treatment
factors — United States, 2005

Transiers resulling in live births

<35 yrs 35=37 yrs 38-40 yrs 41=42 yrs =42 yrs
PatientTreatment faclors (%) %) (%) (%) (%)
Patbant tactors
Cisagnogis
Tulbal tachor 43.1° 340 262 160 49
Chulatnry chysfhunetion 45 B 76 306 160 71
Diminished cvanan resene 403 04 e ) 131 55
Endometricsis 42z 39 &7 185 18
Literime lacior 358 3ES 221 165 24
Male facion 443 380 281 181 BE
Other cawses 432 ®E6 231 131 (1]
Unexpilained cause 445 e &8 183 63
Muttiple factors lermale only 411 343 236 17z 67
Mulple lactors, femmale and malke 419 a5.1 241 158 50
Mo previous ART procedunes
o 458° 3re* ara 181 50
=1 A4 3_T 237 4.7 6.4
Mo prenvicus birtha
0 4240 ‘0 3y 189 50
=1 45.8 380 278 166 T2
Treatreent factors
Method of embryos fedilization and transfert
IWF-ET wilthout ICS1 #E.1" Jan 282" 166 6.6
IVF-ET walth IC51 among couples diagnosad with
male facior infertiity 433 o1 255 145 58
IVF-ET wilh IS1 arong couples nol diagrossd
with maie factor irdertility 409 33z 228 147 54
Mo days of embryo culiuned
3 409" e 241" 142 s
B BO.E 418 336 20 111
Mo emiberyos fraraiemed
1 i g 7.8 2 59 8
2 472 3sno 281 1ME 4.7
3 40.B 376 272 164 63
4 .0 365 5.0 180 B3
E- .2 303 269 190 759
Extra embryos svalable and crynpressnesd
Yes 3T <1 - 225 136 53
Mo 51.1 457 aT4 BT 160
Lise of gestational carmer
Yes 43.3 369 254 149 59
Mo 478 |2 7 151 24
Tolal transiers n‘.-!.l.dllng in live births 434 360 254 149 L%

* pel].05, chi-aaunee io it lor vaniations in He-birth rates across patient and treatrmsnt facter calsgores within saach age growp.
HIVF-ET = in vitro fediization with franscenical embryd transfer, and ICS| = infracyioplasmic spenmn irgeclion, ART procedures including gamets intrafallopian transies (GIFT),
nygote intrafaliopian transfer (ZIFT) and a combinalion of IVF with or without ICS] and eithes GIFT or ZIFT were not included becauss sach of these accouwnbed for & small

proportion of procedures
imwawsmmmm ART procedures including 1, 2, 4, 6 and >7 days io embryo cufture were not included because each of these accounied for a limiled
proportion of procedures
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TAELE 5. Multiple-birth risk, by type of assisted reproductive technology (ART) transfer procedure performed — United States, 2005
No. Multiple-birth No. Infants born in
Patiant live-birth deliveries infants multiple-birth deliveries
Procedure type age group (yrs) deliveries Ho. )" born HNo. (%)
Pabient’s eggs wsed
Freshly femilizad ambrycs All ages 27T EBE2 320 35 300 17816 404
<35 15396 5478 355 1,861 11348 534
3537 B 852 2055 3048 BA54 4248 479
3840 384T B 261 4 8BTS 15904 409
4142 856 13 144 1,089 282 257
A2 a7 24 128 Zn 48 =27
Thawed ermbryces All ages 5275 1.9 27 6563 2487 are
<35 30535 740 244 3835 1,540 402
3537 1329 276 207 1617 563 e
36-40 BTG 143 211 Ex 268 %0
4142 155 = 205 189 =] 350
w2 80 9 113 a0 18 211
Dioreos s ey s wsed
Freanly feniized embryos Al ages 11 = 2089 #0838 7,190 4 206 B85
Thawedembryca All ages 1545 418 | 1588 851 £33
Tolal All nges 850 12338 ans 52041 25,465 48.9
* Muttiple-birth risk

1 Ape-apecific statistics are ot presenied for procedures that used donor eggs because only limited variation by age exists among Mese procedures.
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TABLE 8. Percentages of transfers resulting in live births and percentages of singletons, twins, and triplets or higher-order
multiples for assisted reproductive technology (ART) procedures that used freshly fertilized embryos from the patient’'s own

eggs, by patient's age group, number of embryos transferred, and embryo availability — United Stales, 2005

ART transfer procedures for women known

All ART transfer procedures to have more embryos available than transfemred
Triplets Triplets
Transfers or higher- Transfers of higher-
Patient age group resulting in order resulting in order
(yrspNo. embryos live births Singletons Twins multiples live births Singletons Twins  multiples
transiermed Mo [%) (%) (%) (%) Ma. (%) (%) (%) (%)
<35
1 2477 28.0 8.6 14 LT ] T2 433 oa.1 14 ]
2 20 863 472 (=<1 ] b3 10 11,4596 528 602 385 12
3 9,485 40.8 &ne Rzs 63 3168 AT E 5.5 360 BE
4 2043 38.0 €1.0 k] 81 435 458 54.1 324 135
P B20 32 €03 321 T % g 488 300 122
35-07
1 1,862 178 976 24 o =2 aBa 979 21 oo
2 7,582 39,0 T 284 04 3 366 474 @7 27 06
3 6,492 7.6 €59 06 L1 1998 436 8.1 3BT 62
4 2178 355 & ne 52 427 471 B2 343 65
=5 i a3 &nr HHa B2 -3 e 578 A 121
-4l
1 1,652 0.2 97.0 20 oo & 358 95 8 42 0o
2 3818 26.1 782 205 03 ga2 ae e iy 0.6
3 5085 272 T 220 19 1203 s -1 ] 75 27
4 3,287 230 EAE T a5 57 305 @29 a2 a8
&5 1,81 26.9 677 ;03 20 155 23 0 340 20
a-42
1 913 59 B4 56 [+11] ] . - . -
2 1,278 18 BAT 106 or 108 A B79 121 oo
3 1511 164 B5.9 141 0o 188 e 783 207 0o
4 1597 18.0 873 1.1 16 199 26 g2 123 44
5 1,03 19.0 a6 -k ] 16 150 240 [k ] ara B3
=22
1 BB 18 100.0 oo oo 7 . . * .
2 624 47 935 &7 oo 13 08 50,0 50.0 0o
3 651 63 854 146 oo 34 176 667 324 0o
4 £55 a2 9 &5 22 =2 143 833 167 oo
25 755 7.9 E0.0 200 (1] 43 125 833 167 0.0
* Stalisfes not provided tor cases in which the dencminator is <10,
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TABLE 7. Percentage of transfers resulting in live births and multiple-birth risk for assisted reproductive lechnology (ART) procedures
using freshly fertilized embryos from the patient's own eggs. by patient's age group, number of embryos transferred, day of embryo
transfer, and embryo availability — United States, 2005

Day 3 Diay &
ART transfer procedures. AAT transier procedures
for women known to have for worsen known to have
mare enbryos available rwore enbryes available
All ART transier procadunes tham Iransiemad AllART transber procadures Ehan transhemed
Transfers  Mulliphe Transters Multiphe- Translers  Mulliphe Transters Multiphs
resullingin  birth resullingin  birth resultingin bisth resultingin  birth
Palient age live births deliveries live birtha deliveries live births celiveries live births deliveries
group (yrs) Ho s ) Mo L] %) Mo ) ) o %) ()
]
1 1324 22 0.3 221 B oo B12 384 28 A46 482 28
2 11,281 435 20 5807 492 360 T84 536 4156 4881 &75 437
a 7463 412 .1 2511 483 4432 1178 19 404 W 435 488
a4 1,653 =|T 3.7 250 487 44 5 173 a4 av.a =1) 440 545
=5 486 b 410 I 452 815 = 429 33 ] = ™
57
1 -] 13.8 28 76 276 48 385 s 0.4 141 482 1.5
2 4024 B2 242 1515 atd 281 2872 455 335 1,649 503 385
a 5098 T4 2.8 1573 42.8 3|2 B20 b 45.0 247 449 B5.0
&) 1.851 ama %5 o] 485 388 135 252 2 o use brde)
E 456 w»7 %5 73 411 433 i 2] 154 £0.0 7 . .
18=40
1 1,081 7B 38 i 200 [i11] 08 179 38 ar 486 58
2 2084 193 143 289 343 232 1242 382 22 5 459 az
a 2,859 252 a2 7 xR0 300 T30 M43 2.8 25 a07 ns
< 2781 X2 ne E14 A are 223 300 284 43 455 3.0
=5 1138 282 333 134 343 381 a3 2.7 333 ¥ - *
41-42
1 g2 ar 6.0 a . . 78 124 g ] - .
2 T 9.1 a3 18 Fa oo 279 2001 a9 TE 42 15
| 1,081 146 120 19 e 132 pri| 2583 21.2 52 327 3|3
4 1.168 18.1 113 175 23 178 16 207 25.0 16 N3 200
=% 1,145 184 185 1= 26 00 &7 3 M6 7 b :
42
1 412 10 oo 3 a0 33 0.0 2
2 468 28 .7 i o ™ -] 160 83 B
a so2 54 1na 23 130 333 &1 1 5.0 ] - s
&) 445 BB 7T = 182 167 58 125 143 B
=5 a0 70 162 &2 85 0o a2 166 60.0 3
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TABLE 8. Number and percentage of infants born in multiple-birth delhreries. by patient's statefterritory of residence* at time of
assisted reproductive technology (ART) procedure — United States, 2005

Mo, infants bom in

N infants born multiple-birth deliveries Infantbom I Intants bomin
Mo, with Ho. with multiple-birth Indants born in triplet or highar-order
Patbant’ s state missing missing deliveriest wiin deliveries. deliveries
of reskdency Mo residency o, residency ) (&) %)
Aabharna 338 ] 181 o 536 [TE] 26
Alazka & 1] = 1 508 3[.0 127
Arizana 87 2% 7 10 452 512 49
Arkansas 215 0 109 0 50.7 423 41
Calfoma 7158 637 3635 254 508 45.8 50
Colorado ) 45 5% an 526 485 15
Connecout 1,026 2 480 8 486 a4z 53
Celaveare 148 ] [ o 456 485 27
Dimtnict of Columbia¥ e 21 m 10 5000 428 48
Federaled States of Micronesia 1 L 1 1 L 1 1
Florida 2418 &l 1,160 = 48.0 ane 45
Georgia 1286 574 653 =2 516 436 B0
G 1 1 1 1 1 1 1
Hawai 264 2 135 2 515 421 46
itaha 20 ] 13 0 544 445 63
Inoes amn 16 1,50 8 457 455 61
Inckana 565 2 M7 0 519 0.0 oo
lowd 414 0 157 0 476 2.1 B3
Hanaas an o 145 o 5456 446 20
Henbuciy Eicl 2 208 2 E 0] 456 a7
Louisiana am 1] 1583 Q 508 453 a2
Maine % ] 47 o 485 464 34
Maryiard 1,656 24 TEE ] 454 433 76
Wassachuaeta 2584 E 1250 440 416 2.7 64
Michigan 1,285 7 650 4 B0E 406 a0
Mrnescta an 3 500 o 815 436 B2
Minsiasippi w 0 -] 1 4T s L]
isaourn T40 217 E1L} m 40 oo oo
Merilana ] i] 4 0 557 465 42
Hebrmska 255 ] 2 o 476 533 26
Nevada 526 24 62 0 498 458 as
News Harmpeshire =2 1] 138 0 4T 459 10
Herw Jersey 3458 189 1,692 & 489 445 a1
Hew Meoco 168 1] 5% 1] 552 485 50
Hew Yok 3,87 148 1,768 =) 454 50.0 oo
Mew Yok City 164  &1D 720 278 454 480 5d
HorthCanina 1,028 2 458 o 484 4.4 18
North Dakota B 1] k2 a 405 407 46
Cihigy 1,565 1 [ 4 0.4 435 74
Cwdsherna 288 2 138 2 478 428 26
Cregon 533 ] 288 a 559 3|56 1]
Penngybvania 1,608 14 895 B4 496 18 9
Pusrio Rice 148 o 77 0 520 M5 70
Rencde |land 3 o 174 0 526 0o 0o
South Carmlina 513 1] . a 509 48.0 55
South Dakota 74 0 ar 0 500 373 57
Ternesses &1 2 261 2 51.1 425 61
Texas 3108 &1 1,665 1) 537 482 3s
Lkah i i a8 1 551 50.8 oo
Viermant Fry o 16 0 M40 435 42
Virgin lslands, LS. n ] ] o oo a0 77
Virginia 1572 8 3 10 454 483 54
Wahingion an 9 ur 2 45T 433 g1
West Virginia @ o 48 0 522 43z 48
Wisconain 585 1 344 o 50.2 484 a1
Wyoming ] 1] 19 a 487 438 51
HorrL) 3, resident 141 o T o 496 B9 128
Tskal B2.041 3818 25.469 1.779 48.9 439 B

* In cases of missing ressdency data, the patient's place of residency was assigned as that in which the ART procedune was perfomped.

T Statistica might not surn 1o tofal becauss of rounding.

$0f all ART precedures, 0L7% wens reporbed frem military medical centers iazated in California, District of Columbia, Hawai, and Texas. Stabes and territaries for which » 1%
of ART procedures among stale residents were performed in a military medical cenler were Alaska Delaware, Districd of Columbia, Guam, Hawai, Kansas, Maryland, New
Mexico, Morth Carglina, Oldahoma, South Canclina, Texas, Virginia, and Wiorming. In District of Columnbia, Guam, and Hawaii, »5% of ART procedures among residents wene
performed in a military medical center,

¥ Data not provided to presenve confidentiality but included in total
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TAELE 8. Contribution of assisted reproductive technology (ART) to the total number of live-bom infants in the United States. by plurality
— United States, 2005

Contribution

ART infants*? W.5.-born infants’ of ART to 1otal no.
Plurality N, % of total No. % of tolal U.S.-born infants (%)
Infants born in singleton deliveries 25143 (51.00 3,998, 533 (0660 0.6
Infants born in multiple-birth dedveries 24165 (49.0) 139,816 (3.40 17.3
Twing 2,1598 (43.8) 133,122 (3.20 16.2
Triplets or higher omder 2 567 (5.2) 6,604 (0.20 38.3
Total mo. Infants 49,308 4,138,349 1.2

* Source: Asskied Reproductive Technology Surveillance Syatem.
1 Inchudes infants conceived from ART procedures performed in 2004 and bom in 2005 and infants conceived from ART procadunes performed in 2005 and bom in 2005
¥ Source: U.S. natal iy file_ CDGC. Maftional Center for Health Stafistica:
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TABLE 10. Percentage of adverse perinatal outcomes* among assisted reproductive lechnology (ART) infantst born in 2005, by
plurality — United States, 2005

LBW VLEBW Preterm Preterm LBW Termn LBW
Plurality %) %) %) %) (%)
ART singletons (n = 25 143) 94 18 149 71 23
AAT taéne (0 = 21 EOE) 71 BT B6.3 483 BB
ART triplets or higher-onder multiples (n= 2 567) 846 32 ar jzeed 18

* LEW w low bifthweight (=2 500 g); VLEW = very low Dirtrweight (=1 500 g); pretemn » gestational age 37 weaks; pretens LEW = gestafional ape «37 weeks and low bitthweight
(<2 500 g); and lerm LEW = pestational age »37 weeks and low birthweight (<2 500 g)

1 Includes infants conceived from ART procedures pedormed in 2004 and born in 2005 and infants conceived from ART procedures: performed in 2005 and bam in 2005
Samples for calculations of percentages of oulcomes were reduced from tolals because of missing values for birttweight and gestational age.
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TABLE 11. Adverse perinatal outcomes* among assisted reproductive technolegy (ART) singleton infants born in 2005, by
procedure type and selected maternal factors — United Statest

LEW VLEW Preterm Preterm LBW Term LEBW
Procedure/Maternal factor (%) (%) (%) (%) (%)
Freshly lerilized embryos, patient eggs (n = 17 642) .55 17 13.45 6.9 278
Matemal age group (yrs)
<35 a2 17 120 65 27
=37 a9 18 14.0 75 24
3340 o4 19 131 65 28
41=42 1n6 23 158 B7 a0
=12 5 o7 11.8 4.1 a4
Ha, previous births
o 10.21 19 135 72 an
1 Ta 13 127 59 20
=2 BS 1.7 146 o 15
Freshly ferilized emnbryos, donor's eggs (ns 2,664) 1.0 0 16.9 a0 21
Thawed embryos* (n=4 637} TS 1T 19.8 BE 14

* LEW = low birflwaeight (<2 500 g, VLEW = wery low birthweight (=1 500 g; pretenms = gestafional ape <37 weshs, preterm LEW = pestational age <37 wesis and low birthwesight
(<2 500 gj; and term LEW = gestational age =37 weeks and low birteeight (<2, 500 g)

1 Includes intants conceived from ART procedures performed in 2004 and bom in 2005 and infants conceived from ART procedunes pericerned in 2005 and bom in 2005, Analyais
exchudes 542 singletons (416 for migging birth weight, 113 for missing gestational age, and 13 for missing bath).

8 p<0.0N; chi-aguane to fest for variations in acverse peninatal CUICOMES aCoss EroCedune types.

7 p<0.0N; chi-aquare to kest for variations in adverse perinatal cuicomes acioss malermnal factor calegonies

** Includes cycies in which thawed embrycs wene used from patient eggs and donor eggs.
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