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Abstract

Problem/Condition: In 1996, CDC initiated data collection regarding assisted reproductive technology (ART)
procedures performed in the United States to determine medical center-specific pregnancy success rates, as
mandated by the Fertility Clinic Success Rate and Certification Act (FCSRCA) (Public Law 102-493, October
24, 1992). 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 treatments 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).

Reporting Period Covered: 2001.

Description of System: CDC contracts with a professional society, the Society for Assisted Reproductive
Technology (SART), to obtain data from fertility medical centers located in the United States. Since 1997,
CDC has compiled data related to ART procedures. The Assisted Reproductive Technology Surveillance
System was initiated by CDC in collaboration with the American Society for Reproductive Medicine, the
Society for Assisted Reproductive Technology, and RESOLVE: The National Infertility Association.

Results: In 2001, a total of 29,344 live-birth deliveries and 40,687 infants resulting from 107,587 ART
procedures were reported from 384 medical centers in the United States and U.S. territories. Nationally, 80,864
(75%) of ART treatments used freshly fertilized embryos from the patient's eggs; 14,705 (14%) used thawed
embryos from the patient's eggs; 8,592 (8%) used freshly fertilized embryos from donor eggs; and 3,426 (3%)
used thawed embryos from donor eggs. Overall, 40% of ART procedures that progressed to the transfer stage
resulted in a pregnancy; 33% resulted in a live-birth delivery (delivery of >1 infant); and 21% resulted in a



singleton live birth. The highest live-birth rates were observed among ART procedures using freshly fertilized
embryos from donor eggs (47%). The greatest numbers of ART procedures were performed among residents of
California (13,124), New York (12,379), Massachusetts (8,151), Illinois (7,933), and New Jersey (6,011).
These five states also reported the highest number of live-birth deliveries and infants born as a result of ART.
The ratio of number of ART procedures per million population ranged from 74 in Idaho to 1,273 in
Massachusetts, with a national average of 371 ART procedures started per million persons. Among ART
treatments in which freshly fertilized embryos from the patient's eggs were used, substantial variation in live
birth rates by patient (e.g., women aged <40 years) and treatment characteristics (e.g., ovulatory dysfunction,
endometriosis, or unexplained infertility) was observed. The risk for a multiple-birth delivery was highest for
women who underwent ART transfer procedures using freshly fertilized embryos from either donor eggs (42%)
or from their own eggs (36%). Among ART transfer procedures in which the patient's own eggs were used, an
inverse relation existed between multiple-birth risk and patient age. Number of embryos transferred and
embryo availability (an indicator of embryo quality) were also strong predictors of multiple-birth risk. Of the
40,687 infants born, 46% were twins, and 8% were triplet and higher order multiples. The total multiple-infant
birth rate was 53%. Approximately 1% of U.S. infants born in 2001 were conceived through ART. Those
infants accounted for 16% of multiple births nationally.

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. This risk varied according to
the patient's age, the type of ART procedure performed, the number of embryos transferred, and embryo
availability (an indicator of embryo quality).

Public Health Actions: ART-related multiple births represent a sizable proportion of all multiple births
nationally and in selected states. Efforts should be made to limit the number of embryos transferred for patients
undergoing ART.

Introduction

For >2 decades, assisted reproductive technologies (ARTs) have been used by couples to overcome infertility.
ARTs include those infertility treatments in which both eggs and sperm are handled in the laboratory (i.e., in
vitro fertilization and related procedures). Since the birth of the first U.S. infant conceived with ART in 1981,
use of these treatments has increased dramatically. Each year, both the number of medical centers providing
ART services and the total number of procedures performed have increased notably (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 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 has also used this surveillance data file to perform more in-depth analyses
of infant outcomes (e.g., multiple births) (3,4). 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. This report is based on ART surveillance data provided to CDC's
National Center for Chronic Disease Prevention and Health Promotion (NCCDPHP), Division of Reproductive
Health, regarding procedures performed in 2001. 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 presenting more detailed data regarding multiple-birth risk for 2001.

Methods

Each year, the Society for Assisted Reproductive Technology (SART), an organization of ART providers
affiliated with the American Society for Reproductive Medicine, collects data regarding ART procedures from
medical centers performing ART in the United States and its territories and provides these data to CDC by
contract. 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. Despite the federal mandate, certain centers (<10%/year) have not reported their data; the
majority of these are believed to be smaller-than-average practices. For this report, data pertaining to ART
procedures initiated January 1--December 31, 2001, are presented.

ART data and outcomes from ART procedures are presented by patient's state of residence at time of ART
treatment. In cases of missing residency data (<9%), 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 are also presented by
treatment type and stage of treatment. ART procedures are usually classified into four groups according to
whether a woman used her own eggs or received eggs from a donor and whether or not the embryos transferred
were freshly fertilized or previously frozen and thawed. Because both success rates and multiple-birth risk vary
substantially among these four treatments groups, data are presented separately for each type.

In addition to treatment types, within a given treatment procedure, different stages exist. A typical ART
procedure begins when a woman starts taking drugs to stimulate egg production or begins having her ovaries
monitored with the intent of having embryos transferred. 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, and if
fertilization is successful, the resulting embryos are selected for transfer. If the embryo implants in the uterus,
the cycle progresses to a clinical pregnancy (i.e., the presence of a gestational sac detectable by ultrasound).
The resulting pregnancy might progress to a live-birth delivery. A live-birth delivery is defined as the delivery
of >1 live-born infant. Only ART procedures involving freshly fertilized eggs include an egg-retrieval stage;
ART procedures using thawed eggs 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.

Variations in a typical ART procedure are noteworthy. Although a typical ART procedure includes in vitro
fertilization (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 a day or two
of retrieval. These are known as gamete and zygote intrafallopian transfer (GIFT and ZIFT). Another
adaptation is intracytoplasmic sperm injection (ICSI) in which fertilization is still in vitro but is accomplished
by selection of a single sperm that is injected directly into the egg. This technique was originally developed for
couples with male factor infertility but is now commonly used for an array of diagnostic groups.

Data are presented 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. Detailed data are additionally presented in this report 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 those procedures that progressed to the embryo-transfer
stage, percentage distribution of selected patient and treatment factors were calculated. In addition, success
rates, defined as live-birth deliveries per ART-transfer procedure, were calculated 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 past ART attempts, and the infertility diagnosis of both the female and male partners. The patient's
age at the time of the ART procedure were grouped into five categories: aged <35 years, 35--37 years, 38--40
years, 41--42 years, and >42 years. Diagnoses ranged from one factor in one partner to multiple factors in one
or both partners and were categorized as

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;



e 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;

¢ 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;

e 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;

¢ other causes of infertility --- immunological 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 >1 female cause; or

e multiple factors, male and female --- diagnosis of >1 female cause and male factor infertility.

Treatment factors included

¢ the number of days the embryo was cultured;

¢ the number of embryos that were transferred;

e whether the procedure was IVF-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 woman other than the patient (a surrogate) received the transferred embryos with the
expectation of gestating the pregnancy (i.e., a gestational carrier).

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 by using dates of egg retrieval and embryo transfer and was categorized
as 1--6. However, because of limited sample sizes, live-birth rates are presented only for the two most common
days, 3 and 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 diagnosed with male factor (the
original indication for ICSI treatment) or couples not diagnosed with male factor.

Chi-square tests were run separately to evaluate differences in live-birth rates by select patient and treatment
factors within each age group. Multivariable logistic regression was also performed to evaluate the independent
effects of patient factors --- diagnosis, number of prior ART procedures, and number of previous births --- on
chance to have a live birth as a result of an ART treatment. Because age is known to be a strong predictor for
live birth, separate models were constructed for each of the five age groups such that these models provide an
indication of the variability in live births based on patient factors within each age strata. 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 multicolinearity between certain
treatment factors and multiple potential effect modifications. Rather, detailed stratified analyses were
performed to elucidate additional detail related to associations between different treatment factors and live
birth.

In addition to presenting live-birth rates as a measure of success, success rates based on singleton live births
according to treatment group and patient age are also presented. Singleton live births are a key measure of ART
success because they have a much lower risk than multiple-infant births for adverse health outcomes, including
prematurity, low birthweight, disability, and death.

Multiple birth as a separate outcome measure was also assessed. Multiple birth was assessed in two ways. First,
each multiple-birth delivery was defined as a single event. A multiple-birth delivery was defined as the delivery
of >2 infants in which at least one was live-born. The multiple-birth risk was thus calculated as the proportion
of multiple-birth deliveries among total live-birth deliveries. Multiple birth was also assessed according to the
proportion of infants from multiple deliveries among total infants (i.e., each infant was considered separately in
this calculation). The proportion of live-born infants who were multiples (twins and triplets or more) was then



calculated.’ Each of these measures represents a different focus. The multiple-birth risk, based on number of
deliveries (or infant sets), provides an estimate of the individual risk posed by ART to the woman for multiple
birth. The proportion of infants born in a multiple-birth delivery provides a measure of the effect of ART
treatments on children in the population. Both measures are presented by type of ART treatment and by
maternal age for births conceived with the patient's eggs. Multiple-birth risk is further presented by number of
embryos transferred and whether additional embryos were available and cryopreserved for future use. Embryo
availability (an indicator of embryo quality) has been demonstrated to have added predictive value independent
of the number of embryos transferred (3,5). Proportion of infants born in a multiple-birth delivery is presented
separately by patient's state of residency at time of ART treatment.

To assess the impact of ART on total births in the United States in 2001, additional analyses including all ART
infants born in 2001 are presented. Because the goal of the analysis was to assess the effect of ART on the 2001
U.S. birth cohort and the Assisted Reproductive Technology Surveillance System is organized according to the
date of the ART procedure rather than the infant's date of birth, a separate ART data file was created for these
analyses. This data file was drawn from two different ART reporting years and was composed of 1) infants
conceived from ART procedures performed in 2000 and born in 2001 (approximately 2/3 of live-birth
deliveries reported to the ART Surveillance System for 2000); and 2) infants conceived from ART procedures
performed in 2001 and born in 2001 (approximately 1/3 of live-birth deliveries reported to the ART
Surveillance System for 2001). Data regarding the total number of live births and multiple births in the United
States in 2001 were obtained from birth certificate data (U.S. natality files) from CDC's National Center for
Heath Statistics (6). These data represent 100% of births registered in the United States in 2001. Data are
presented in relation to the total number of infants born in the United States in 2001 by plurality of births. All

analyses were performed by using the SAS® software system (7).
Results

Of 421 medical centers in the United States and surrounding territories that performed ART in 2001, a total of
384 (91%) provided data to CDC (Figure 1). The majority of medical centers that provided ART services were
located in the eastern United States, in or near major cities. Within states, the number of medical centers
performing ART was variable. States with the largest number of ART centers that reported data in 2001 were
California (56), New York (29), Florida (28), Texas (25), and Illinois (23). Four states had no ART medical
centers (Alaska, Maine, Montana, and Wyoming).

Success of ART

A total of 107,587 ART procedures performed in 2001 were reported to CDC (Table 1). The largest number of
ART procedures occurred among patients who used their own freshly fertilized embryos (80,864; 75%). Of the
107,587 procedures started, 89,239 (83%) progressed to embryo transfer. Overall, 40% of ART procedures that
progressed to the transfer stage resulted in a pregnancy; 33% resulted in a live-birth delivery; and 21% resulted
in a singleton live birth. Pregnancy rates, live-birth rates, and singleton live-birth rates varied according to type
of ART. The highest success rates were observed among ART procedures using donor eggs and freshly
fertilized embryos (56% pregnancy rate, 47% live-birth rate, and 27% singleton live-birth rate). The lowest
rates were observed among procedures using the patient's eggs and thawed embryos (29% pregnancy rate, 23%
live-birth rate, and 17% singleton live-birth rate).

In all, the 29,344 live-birth deliveries from ART procedures resulted in 40,687 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
18,967 singleton infants were born as a result of ART. The largest proportion of infants born (75%; n = 30,383)
were from ART procedures in which patients used freshly fertilized embryos from their own eggs.

Number and Type of ART Procedures



The number of ART procedures performed among residents of each state approximately paralleled the data by
medical center location (Table 2). The greatest numbers of ART procedures reported in 2001 were performed
among residents of California (13,124), New York (12,379), Massachusetts (8,151), Illinois (7,933), and New
Jersey (6,011). The five states with the largest number of ART procedures performed also ranked highest in
terms of numbers of live-birth deliveries and infants born. ART was used by residents of certain states and
territories without an ART medical center (Alaska, Guam, Maine, Montana, Virgin Islands, and Wyoming);
however, each accounted for a limited percentage of total ART usage in the United States. Non-U.S. residents
accounted for <2% of ART procedures, live-birth deliveries, and infants born. The ratio of number of ART
procedures per million population ranged from 74 in Idaho to 1,273 in Massachusetts, with a national average
of 371 ART procedures started per million persons.

Forty-seven percent of ART-transfer procedures using freshly fertilized embryos from the patient's eggs were
performed on women aged <35 years; 22% 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). The most common infertility diagnoses reported among couples in which
the woman was aged <41 years were male factor and tubal factor; however, diagnoses varied overall. Tubal
factor, male factor, and endometriosis were more commonly reported among younger women than women in
older age categories. In contrast, diminished ovarian reserve was reported for only 1% of women aged <35
years; it was reported for 14% of women aged 41--42 years, and 20% of women aged >42 years. Among all
women, 10%--13% were reported as having unexplained infertility; 10%--17% were reported as having
multiple female factors; and 17%--21% were reported as having both male and female factors.

Approximately 60% of women aged <35 years were undergoing their first ART procedure. The percentage of
women who had undergone at least one previous ART procedure increased with age: only 41% of women aged
>42 years were undergoing their first ART procedure. The percentage of women who had had a previous birth
followed similar patterns. Although 20% of women aged <35 years reported at least one previous birth, this

increased steadily with age: 36% of women in the oldest age group had had a previous birth.¥

The majority of ART procedures used IVF with or without ICSI. Less than 2% of ART procedures used GIFT
or ZIFT. Although use of ICSI among couples diagnosed with male factor infertility declined with the patient's
age, ICSI use among those not diagnosed with male factor infertility increased with patient's age. Despite
variation among all age groups, the total proportion of ICSI use (i.e., combined ICSI for male factor and ICSI
for other diagnoses) was greater than the proportion of in vitro fertilization with transcervical embryo transfer
(IVF-ET) without ICSI. Among all age groups, 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 coincides with
development of the embryo to the blastocyst stage, which was used more frequently among younger women.

Although limited variation existed by age, the majority of ART procedures involved transfer of >1 embryo.
Among women aged <35 years, 96% of procedures involved transfer of >2 embryos, and 59% involved
transfer of >3 embryos. For women aged >42 years, 87% involved transfer of >2 embryos, and 70% involved
transfer of >3 embryos. The availability of extra embryos (an indicator of overall embryo quality) decreased
with age. Extra embryos were available and cryopreserved for >40% of women aged <35 years, whereas only
5% of women aged >42 years had extra embryos available and cryopreserved (data were not available
regarding extra embryos that were not cryopreserved for future use). Overall, 0.8% of ART transfer procedures
used a gestational carrier or surrogate. Limited variation existed by patient age.

Live Birth Rates

Live-birth rates for women who underwent ART procedures using 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
33%, live-birth rates ranged from 41% among women aged <35 years to 7% among women aged >42 years.
Women aged <40 years who had an infertility diagnosis of ovulatory dysfunction, endometriosis, male factor,
or had unexplained infertility tended to have higher live-birth rates. Women aged <40 years with an infertility



diagnosis of diminished ovarian reserve or with multiple infertility diagnoses tended to have lower live-birth
rates. Although women aged 41--42 years with a diagnosis of uterine factor appear to have had above average
live-birth rates (21%), the variation in success rates across diagnostic categories was not statistically significant
for this age group, nor for the oldest age group (women aged >42 years). Across all age groups, women who
had undergone a previous ART procedure had lower live-birth rates than women undergoing their first ART
procedure. However, the number of previous ART procedures cannot be subdivided by whether they were
successful or not. Women in all age groups who had had >1 previous birth had higher live-birth rates than those
with no previous births. However, the difference in live-birth rates for both the number of previous ART
procedures and the number of previous births did not reach statistical significance for the two oldest age groups
(women aged 41--42 years and women aged >42 years). Multivariable adjustment for patient factors within
each age strata demonstrated similar patterns (Table 4) (data not indicated).

Within all age groups, live-birth rates were higher among ART procedures that used IVF-ET without ICSI, in
comparison to procedures that used ICSI, whether or not male factor was reported (Table 4). Live-birth rates
were particularly low among couples who used ICSI in the absences of male factor infertility. Within all age
groups, live-birth rates were increased among women who had extended embryo culture to day 5, transferred
>2 embryos, and had extra embryos available and cryopreserved for future use. Variations in live-birth rates
were statistically significant for all treatment factors within all age groups with the exception of number of
days of embryo culture for women aged 41--42 years. Although live-birth rates also appeared to increase when
a gestational carrier was used, these results reached statistical significance in only one age group (women aged
35--37 years). 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.

Although variability among patients who used different treatment options cannot be adjusted for completely,
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 absences of male factor infertility ICSI
might be used preferentially for women considered difficult to treat, multiple groups of patients with an
indication of being difficult to treat were evaluated separately. These groups included women with previous
failed ART cycles, women diagnosed with diminished ovarian reserve, and women with a low number of eggs
retrieved (<5). Within each of these groups, age-specific live-birth rates for IVF-ET with and without ICSI
were examined. In all analyses, women who used IVF with ICSI had lower success rates compared with
women who used IVF without ICSI (data not indicated). Thus, the pattern of results remained consistent with
the findings presented (Table 4). To address concerns that extended (i.e., day 5) embryo culture might be used
preferentially for women with a presumed better prognosis, data regarding women deemed to have a higher
likelihood of success were evaluated separately; these subgroups included women with above average number
of eggs retrieved (>10), women with diagnoses other than diminished ovarian reserve, and women with extra
embryos cryopreserved for future use. Again, the pattern of results for analyses within each of these subgroups
remained consistent with the findings presented (Table 4) (data not indicated). Finally, analyses were conducted
in which the data were stratified by patient age, number of embryos transferred, and number of embryos
available simultaneously. These results are included with the discussion regarding multiple-birth risk.

Total live-birth rates are compared with singleton live-birth rates for women who underwent ART procedures
in which freshly fertilized embryos from their own eggs were used (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. Total live-birth rates ranged from 41% among women aged <35 years to 7% among women aged
>4?2 years, and singleton live-birth rates ranged from 25% among women aged <35 years to 6% among women
age >42 years.

Multiple Births

Of 10,377 multiple-birth deliveries, 7,805 were from pregnancies conceived with freshly fertilized embryos
from the patient's eggs; 823 were from thawed embryos from the patient's eggs; 1,514 were from freshly
fertilized embryos from a donor's eggs; and 235 were from thawed embryos from a donor's eggs (Table 5). In



comparison with ART procedures using 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 the patient's own eggs were used, a strong inverse relation existed
between multiple-birth risk and patient age. The average multiple-birth risk (i.e., multiple-birth delivery rate)
for ART procedure in which freshly fertilized embryos from the patient's eggs were used was 36%. This rate
varied from 40% among women aged <35 years to 14% among women aged >42 years.

Of 40,687 infants born through ART, 53% (21,720) 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.

A more detailed examination of multiple-birth risk for women who underwent ART procedures in which
freshly fertilized embryos from their own eggs were used revealed that number of embryos transferred was a
risk factor for multiple-birth delivery, but the magnitude of the risk varied according to patient age (Figures 3-
-7). Among all age groups, transfer of >2 embryos resulted in increased live-birth delivery rates. However, the
multiple-birth risk was also substantially increased. Among all age groups, with the exception of women aged
>42 years (Figures 3--6), the percentage of multiple-birth deliveries increased with increasing number of
embryos transferred from 2 to >5. As a result, if success were evaluated in terms of singleton live-birth
deliveries rather than total live-birth deliveries, the two youngest age groups had lower singleton success rates
when >3 embryos were transferred than when 2 embryos were transferred (Figures 3 and 4). For women aged
38--40 years (Figure 5), transfer of >3 embryos offered a certain advantage in terms of live-birth delivery rates.
However, as among younger age groups, the percentage of twin deliveries and triplet or higher order multiple-
birth deliveries were increased with >3 embryos having been transferred compared with two. For women aged
41--42 years (Figure 6), both the live-birth delivery rate and the multiple-birth risk increased steadily with an
increased number of embryos having been transferred. The percentage of triplet or higher order multiple-birth
deliveries did not demonstrate a trend. For women aged >42 years (Figure 7), the percentage of multiple-birth
deliveries did not demonstrate a trend by number of embryos (>2) having been transferred.**

A further assessment of multiple-birth risk among patients who used freshly fertilized embryos from their own
eggs and set aside extra embryos for future use is also presented (Figures 8--11). This group can be thought of
as those with elective embryo transfer because they are known to have chosen to transfer fewer embryos than
the total number available. For women with elective embryo transfer who were aged <35 years, 35--37 years,
and 38--40 years, live-birth rates were highest when only two embryos were transferred (Figures 8--10). In
addition, live-birth rates among women in these three youngest age groups were >29% with elective transfer of
only one embryo. Thus, singleton live-birth rates did not demonstrate any or much improvement when two
embryos were transferred. Rather, the added live-birth rates observed with two embryos transferred incurred a
substantial risk of multiple births. The number of cases of elective transfer of one embryo among women aged
41--42 years was too limited to allow adequate evaluation. Live-birth rates with elective transfer of 2-->5
embryos demonstrated limited variation for this age group. Data are not provided for women aged >42 years
because in this age group limited sample sizes existed for all numbers of elective embryo transfer.

The total number and percentage of infants born in multiple-birth deliveries by maternal state of residence is
presented (Table 6). The states with the highest number of ART-associated live-birth deliveries also had the
highest number of infants born in multiple-birth deliveries. These include California (2,673), New York
(2,353), Massachusetts (1,399), New Jersey (1,358), Texas (1,286), and Illinois (1,278). Nationally, the
percentage of infants born in multiple-birth deliveries after ART was used was 53%; the percentage of twins
and triplets or more were 46% and 8%, respectively. The percentage of infants born in multiple-birth deliveries
was >50% in the majority of states. The states with the highest proportion of infants born in multiple-birth
deliveries were Alabama (61%), Colorado (61%), Montana (69%) Rhode Island (61%), and Tennessee (61%).

The contribution of ART infants to the total number of U.S. infants born in 2001 is presented (Table 7). Of
4,025,933 total infants born in the U.S. in 2001, a total of 37,087 (1%) were conceived by using ART. Infants
conceived with ART accounted for 0.4% of singleton births and 16% of multiple births nationally. Fourteen
percent of all twins and 42% of infants born in triplets and higher order multiples were conceived with ART.



Discussion

According to the latest estimates of infertility in the United States from the 1995 National Survey of Family
Growth, 15% of women of reproductive age reported a past infertility-associated health-care visit, and 2%
reported a visit in the past year (&§). 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 these treatments 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.
Since 1997, CDC has been monitoring ART procedures performed in the United States. During that time, a
notable and consistent increase in the use of ART has occurred. 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. From 1996 (i.e., the first full year for which CDC collected data) through 2001, the number of ART
procedures performed increased 66%, from 64,724 to 107,587 (7). Additionally, from 1996 to 2001, live-birth
rates for all types of ART procedures increased substantially. For the most common type of ART procedure,
using freshly fertilized embryos from the patient's eggs, live birth rates increased from 28% in 1996 to 33% in
2001. The number of infants conceived through ART increased 94%, from 20,921 infants conceived through
ART procedures performed in 1996 to 40,687 infants conceived through ART procedures performed in 2001.

This report documents that in 2001, ART use varied according to patient's state of residency. Residents of
California, New York, Massachusetts, Illinois, and New Jersey reported the highest number of ART procedures.
These states also reported the highest number of infants conceived through ART. In 2001, ART use by state of
residency was not completely in line with expectations based on the total population within states (9,70).
Whereas Massachusetts had the third highest number of ART procedures performed, it ranked thirteenth in

terms of total population size. 7T Likewise, residents of Rhode Island underwent more ART procedures than
would have been expected based on their population size. As a result, state-specific ratios of ART procedures
by population varied according to state of residency. States with the highest ratio of number of ART procedures
among state residents per million population were Massachusetts (1,273), Maryland (758), New Jersey (706),
District of Columbia (695), and Rhode Island (682). This divergence is not unexpected because in 2001 both
Massachusetts and Rhode Island had a statewide mandate for insurance coverage for ART procedures. The
state variation might also be related to availability of ART services within each state. However, the relation
between demand for services and availability cannot be disentangled (i.e., increased availability in certain
states might reflect the increased demand for ART among state residents).

Patients with different characteristics used ART services. Among ART treatments in which freshly fertilized
embryos from the patient's eggs were used (i.e., the most frequent type of ART treatment), substantial variation
was observed in patient age, infertility diagnoses, history of past infertility treatment, and past births.

Success rates from ART use are affected by numerous patient and treatment factors; hence, considering one
single measure of success in evaluating ART efficacy is not informative. At a minimum, ART treatments need
to be subdivided into categories 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 treatment, 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, type of ART procedures, number of days of embryo culture,
number of embryos transferred, availability of extra embryos, and use of a gestational carrier (surrogate).
Variation exists in success rates according to each of these factors.

CDC's primary focus in collecting ART data has been 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 clinic. Thus, 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, couples can make informed decisions regarding whether to



undergo this time-consuming and expensive treatment (11, / 2).33 However, success-rate data must also be
balanced with consideration of effects on maternal and infant health. Thus, CDC also closely monitors multiple
births conceived through ART.

Multiple births are associated with an increased health risk for both mothers and infants (/3--15). 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 health risks associated with multiple births have also contributed
to rising health-care costs. In 2001, the estimated costs per delivery resulting from ART procedures ranged
from $38,345 to $84,819 (12). Hospital charges have been estimated to be four times higher for delivery of
twins and 11 times higher for delivery of triplets than for singleton deliveries (/6).

In the United States, multiple births have increased dramatically during the last 2 decades (6, /7). The rise in
multiple births has been attributed to an increased use of ART and delayed childbearing (4, /8, 19). Although
infants conceived with ART accounted for 1% of the total births in the U.S. in 2001, the proportion of twins
and triplets or more attributed to ART were 14% and 42%, respectively.

In certain states, such infertility treatments as ART might not be covered by insurance carriers, and patients
might feel pressure to maximize the opportunity for live-birth delivery. Additionally, anecdotal evidence
suggests that certain ART providers might feel pressure to maximize their publicly reported success rates, if
defined solely as total live-birth delivery, by transferring multiple embryos. Indeed, in the United States, high-
order embryo transfer is still common practice. In 2001, approximately 66% of ART cycles that used fresh,
nondonor eggs or embryos and progressed to the embryo-transfer stage involved the transfer of >3 embryos;
approximately 32% of cycles involved the transfer of >4; and 11% of cycles involved the transfer of >5
embryos. Recent reports published in the scientific literature have advocated for the presentation of singleton
live-birth rates as a distinct indicator of ART success (20--24). This report includes this measure 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.

Data regarding multiple-birth deliveries and proportion of multiple-birth infants as distinct outcomes are
provided also. Data in this report indicate that 54% of infants born through ART in 2001 were multiple births;
this compares with 3% in the general U.S. population during the same period (6,25). The twin rate was 45%,
15 times higher than in the general U.S. population (3%); the triplet and higher order multiples rate was 8%, a
total of 42 times higher than the general U.S. population (0.2%). Regarding the specific type of ART treatment,
the rates are even higher for women who underwent ART procedures using freshly fertilized embryos from
their own eggs (54% total multiple births) or from donor eggs (60% total multiple births).

In the majority of states, >50% of infants conceived through ART were born in multiple-birth deliveries.
Alabama, Colorado, Montana, Rhode Island, and Tennessee reported ART-associated multiple-birth rates
>60%. Multiple births resulting from ART are an increasing public health problem, nationally and for the
majority of states. The findings in this report confirm the need to reduce the occurrence of multiple births
resulting from ART.

For women who underwent ART procedures using freshly fertilized embryos from their own eggs, the
multiple-birth risk increased when multiple embryos were transferred (>2). However, embryo availability (an
indicator of embryo quality) was also a strong predictor of multiple-birth risk and had added predictive value
beyond the number of embryos transferred. When patient age, number of embryos transferred, and embryo
availability were jointly considered, for certain subgroups, high live-birth rates and singleton live-birth rates
were achieved with the transfer of one or two embryos. Thus, among certain groups, multiple-birth risk can be
minimized by limiting the number of embryos transferred without compromising success rates.

This analysis was subject to certain limitations. First, ART surveillance data are reported for each ART
procedure performed rather than for each patient who used ART. Linking procedures among patients who
underwent >1 ART procedure in a given year is not possible. Because patients undergoing >1 procedure in a
given year are most likely to be those who failed >1 treatment, the success rates reported here might



underestimate the true per-patient success rate. Additionally, ratios of ART procedures per population might be
higher than the unknown ratio of number of persons undergoing ART per population. Second, these data
represent couples who sought ART services in 2001; therefore, success rates do not represent all couples with
infertility who were potential ART users in 2001. Third, 9% of medical centers that performed ART in 2001 did
not report their data to CDC as required.

ART data are reported to CDC by the ART medical center where the procedure was performed rather than by
the state where the patient resided. In this report, ART data are presented by the female patient's state of
residence. In previous reports (/8), ART data were not presented by state of residence because of incomplete
residency data. In 2001, residency data were missing for <9% of all live-birth deliveries reported to CDC. The
range of missing residency data varied by medical center. Medical centers located in 45 states had <5% missing
residency data; medical centers located in five states had 5%--9% missing residency data; and medical centers
located in four states had >10% missing residency data. These states were Georgia, Massachusetts, Minnesota,
and New York. 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 these states. Concurrently, the numbers
might be underestimated in states bordering 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 state in which the ART medical center was located rather
than the patient's state of residence. The rankings of the states in terms of total number of infants and multiple-
birth infants were similar to the rankings based on patient's state of residence (data not indicated).

A further concern to consider in reviewing the state-based statistics in this report is that 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. Data from the U.S. Census Bureau demonstrate that annually, approximately
3% of the U.S. population move between states. This rate is even higher for persons aged 20--35 years (26).

One group with a recognized high potential for migration is members of the U.S. armed forces. Therefore, ART
procedures performed among patients who attended military medical centers were evaluated separately. In
2001, a total of 771 (0.7%) ART procedures were performed in four military medical centers. These medical
centers were located in California, the District of Columbia, Hawaii, and Texas. In certain of these facilities, a
substantial number of distinct states were listed for patient's state of residence. States for which >1% of ART
procedures among state residents were performed in a military medical center were Alabama, Colorado,
Kansas, Louisiana, Maine, Maryland, New Mexico, North Carolina, Oklahoma, South Carolina, and Texas.
States for which >5% of ART procedures among state residents were performed in a military medical center
were Alaska, the District of Columbia, Hawaii, and Virginia.

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. First, ART surveillance data can be used to monitor trends in ART use and outcomes from ART
procedures. Second, data from ART surveillance can be used to assess patient and treatment factors that
contribute to higher success rates. Third, ongoing surveillance data can be used to assess the risk of multiple
births. Fourth, surveillance data provide information to assess changes in clinical practice related to ART
treatment.

Multiple births are one of the most important public health concerns associated with using ART. Increased use
of ART treatments and the widespread practice of transferring multiple embryos during ART treatments has led
to a substantial increase in multiple-birth rates in the United States (4, /7). Although balancing the chance of
success with ART against the risk of multiple births is difficult in certain cases, efforts should be made to limit
the number of embryos transferred for patients undergoing ART. Such efforts will ultimately require ART
patients and providers to view treatment success in terms of singleton pregnancies and births. Additionally,
continued research is critical to understanding the effect 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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T Data regarding population size are based on July 1, 2001, estimates from the U.S. Census Bureau (9, 10).

¥ Includes only the number of infants live-born in a multiple-birth delivery. For example, if three infants were born in a live-birth
delivery and one of the three infants was stillborn, the total number of live-born infants would be two. However, these two infants

would still be counted as triplets.

Y Data were not available to distinguish whether previous births were conceived naturally or conceived with ART or other infertility
treatments.

** Results are based on total multiple-birth risk and thus do not provide an indication of pregnancies that began as twins, triplets, or
more, but reduced (either spontaneously or through medical intervention) to singletons or twins (Figures 3--11).

T Data regarding population size are based on July 1, 2001, estimates from the U.S. Census Bureau (9, 10).

3§ Estimated costs for one cycle of IVF range from $7,854 to $11,000 (12).

Table 1

TABLE 1. Cutcomes of assisted reproductive technology (ART), by procedure type — United States, 2001

Liwve-birth Singleton  Total
N, of No. of N, of Pregnancies Ne. deliveries live births Mo, of
ART procedures  procedures per transfer af live- per fransfer Mo, of  pertransfer  live-
procedures  progressing  progressing No. of procadurs hirth procedurs  singleton  procedures born
ART procedure type started to retrievals  to transfers  pregnancies (%) deliverias [%a) livie births %) infants
Patient’s eggs used
Freshly fertilized embryos 80,864 60,515 65,363 26,550 406 21,213 334 14,008 214 30,282
Thawed embryos 14,705 MEA® 12,126 3850 293 3,075 234 2,282 17.2 397
Donor's eggs ussd
Freshly fertilized em bryos B ez TA77 722 4,202 ELT 3628 470 2,115 74 5257
Thawed embryos 3,426 M 3,028 1,024 339 a2y Va3 £o2 19.6 1,078
Total 107 587 & 89,230 35726 40.0 29,344 32.9 18,967 21.3 40,687

* Mot applicable.
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FIGURE 1. Location of assisted reproductive technology (ART) Medical Centers — United States and Puerto Rico, 2001
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TABLE 2. Number of reported assisted reproductive technology (ART) transfer procedures performed, number of pregnancies,
and number of live-birth deliveries, by patient's statefterritory of residence® at time of treatment — United States, 2001
Ratio of No. of

Patient’s state/ MNa. of ART Ma. of Mo, of ART proceduras
territory of procedures transfer Me. of live-hirth Me. of started/population
residence started procadures pregnancies deliveries infants born (milliom)*

Alabama’ 558 482 194 162 242 12449

Alaska® 82 72 29 22 29 124

Arizona 1,484 1,233 445 422 a78 2796

Arkansas 419 353 150 137 191 1555

California® 13,124 11,228 4 336 3,558 4 843 a749.3

Colorado8 1,666 1445 715 508 2833 760

Connecticut 2,115 1718 703 S84 741 G15.8

Delawara 440 316 143 112 155 5523

District of Columbia® 399 335 115 a0 120 GO5.3

Florda 4 539 3,758 1,565 1,310 1,832 2772

Seorgia 2453 1,842 a2 BEE 915 201.8

Guam 1 1 1 1 1 1

Hawaii® 402 34 123 a5 133 3276

|daho a7 B4 26 34 47 735

Illinais 7933 5,452 2336 1,886 2551 G336

Indiana 1,792 1,500 523 433 G614 2825

|lowa 842 705 255 304 433 2872

Kansas8 745 21 275 234 218 2042

Kentucky TTa G40 245 199 282 1892

Louisianal o0 5 183 145 214 1566

Mainas 126 105 44 43 52 98.1

Marylandd 4082 3,260 1,278 1,040 1,444 7578

Massachusatts 2,151 56,874 2718 2,194 2915 12724

Michigan 3,286 2 664 1,033 877 1,198 3254

Minnescta 2,092 1,850 225 GE. az2a 419.7

Mississippi 313 257 " 7B 102 1005

Missour 1,454 1,182 518 417 246 25749

Montana 116 1M 47 34 B2 128.1

Mebraska T8E G50 220 186 263 457.0

Mevada 465 380 162 132 182 2217

Mew Harmpshire 554 51 206 173 230 4309

Mew Jersey 6,011 4 828 2169 1,761 2470 T06.3

M ew Mexicod 180 167 21 G5 " 102.8

Mew York 12,379 10,180 4,079 3,280 4 495 G486

Morth Carclina® 1775 1497 GO0 56 52 216.3

Morth Dakota 154 136 = 46 63 2418

Ohio 2 996 2,503 1,021 B850 1,216 263.0

Oklahoma’ 548 474 222 196 275 1574

Oregon Ta0 621 285 244 241 218.8

Pennsyvania 3941 3,150 1,128 936 1,287 3203

Puerto Rico 381 238 112 TE 101 10148

Rhode [sland 723 G46 27 181 249 GB2.3

South Carolina® 774 G40 205 254 2350 1805

South Dakota 130 100 33 27 26 1714

Tennessas 439 709 222 2685 282 1459

Toxash 5568 4 G27 1,002 1,593 2265 2805

Utah 436 380 138 115 155 1913

Wermont 167 141 &1 48 GG 2724

Wirgin Islands 1 ! 1 ! 1 1

Virginia® 2,080 2 568 1,041 828 1,141 4250

Washington 1,994 1615 B3T 520 T23 3327

WestVirginia 223 180 73 50 TG 122.8

Wisconsin 09 610 203 154 217 1312

WYWyorning 47 28 18 14 14 952

Mon U3, resident 1,698 1,494 53 434 613 iy

Total 107,587 89,239 35,726 29,344 40,637 371.1*

* In cases of missing residency data, the patient's state of residency was assigned as the state in which the ART procedure was performed. Medical centars
in all but four states had missing residency data for < 10% of ART infants. Medical centars located in Georgia, Massachusetts, Minnesota, and Mework had
=10% missing residency data.

T Source of population size: July 1, 2001 state population estimates. Population Division, .S, Census Bureau.

4 Approximately 1% of ART procedures were reported from military medical centers located in California, the District of Columbia, Hawaii, and Texas. States
for which =1% of ART proceduras among state residents were performead in a military medical center were Alabama, Colorado, Kansas, Louisiana, Maine,
Maryland, Mew Mexico, Morth Carolina, Oklahoma, South Carclina, and Texas. States for which =5% of ART procedures among state residents wers
performed in a military medical center wera Alaska, District of Columbia, Hawaii, and Virginia.

1 Data not indicated to preserve confidentiality but included in fotals.

** Mon-L. 5. residents excluded.
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FIGURE Z. Live births per transfer and singleton live births
per transfer for assisted reproductive technology proceduras
performed among women who used freshly fertilized embryos
from their own eggs, by patient's age — United States, 2001
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TABELE 3. Percentage distribution of selected patient and treatment factors for assisted reproductive technelogy (ART) transfer
procedures among patients who used freshly fertilized embryos from their own eggs, by patient age — United States, 2001

Patient age {yrs)

<35 3537 3040 4142 =42
{n =30,249) n=14422) in=12,553) {n =5,053) {n=2.486)
%o (%) (%) %) %o
Patient factors
Diagnosis
Tubal factor 153 17.1 14.8 12.0 9.3
Crvulatory dysfunction 78 50 28 24 21
Diminished ovarian reserve 1.3 2.4 6.4 14.0 200
Endometriosis 85 T.8 G.0 2.1 21
tarine factor 0.9 15 1.7 1.7 19
Male factor 238 201 16.6 11.0 76
Other causes 4.2 4.9 5B 72 25
Unexplained causa 103 12.4 12.4 11.5 11.2
Multiple factors, female only 10.2 11.2 14.0 16.9 1549
Multiple factors, fermale and mala 176 1732 18.7 10.3 206
Nurnber of previous ART procaduras
0 601 51.0 46.4 43.0 414
=1 300 49.0 536 570 586
Nurmber of previous births
0 804 T0.8 Er.2 G4.5 B3.7
=1 196 29.2 328 KER] 6.3
Treatment factors
Method of embryo fertilization and transfer*
IWF-ET without 1C3 ¥Ha 408 41.8 455 471
WF-ET with 1C5I 508 581 565 528 515
IWF-ET with [CS1 among couples diagnosad
with male factor infe dility ar.2 333 306 254 231
IWF-ET with [CS] among couples not diagnos ad
with male factor infe dility 226 248 258 274 284
GIFT 0.4 0.4 0.5 i) 09
ZIFT 0.8 0.6 1.1 0.8 0.5
Combination 0.1 0.1 0.1 0.2 0.0
Mo, of days of embryo culture®
1 0.6 0.5 0.7 05 07
2 51 4.5 50 45 46
2 724 771 Ta7 an.8 844
4 30 a3 2.8 aT 40
5 156 12.1 83 51 AT
& 22 15 1.2 (] 0.6
Nurnber of embryos transferrad
1 42 6.2 g1 10.4 1249
2 364 222 7.5 15.8 176
3 307 365 281 206 10.3
4 145 258 288 24.4 16849
=5 52 03 7.4 288 3.3
Exfra embryois) available and cryopresared
Yes 405 28.2 18.9 a5 51
Mo 585 71.8 1.1 90,5 9449
Use of gestational carrer
Yes 0.7 0.8 0.8 ) 1.2
Mo 993 99,2 Q99,2 99,3 95,48

* IWF-ET = in vitro fertilization with franscarvical embryo transfer; 1C31 = intracytoplasmic sparm injection; GIFT = gamets intrafallopian transfer; ZIFT =
zygate intrafallopian transfer; and Combination = a combination of IVF with or without 1IC21 and aither GIFT or ZIFT.
In cases of GIFT, gametes wera not cultured but were fransferrad on day 1.
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TAELE 4. Live-hirth rates for assisted reproductive technology (ART) transfer procedures performed among patients who used
freshly fertilized embryos from their own eggs. by patient age and selected patient and treatment factors — United States, 2001

Patient age (yrs)

<35 3537 2840 4142 =42
Live births Live births Live births Live births Live births
per transfar er transfar par transfer par transfer par transfer
procedurs procadura procedurs procedurs procedurs
(%a) {"a) () [%a) [%a)
Total 411 354 254 14.5 6.7
Patient factors
Diagnosis
Tubal factor 30.8* 242+ 249* 137 .1
Crvulatory dysfunction 42.3 35T 295 14.0 5.2
Dirminished ovaran resarve 345 30.2 226 149 71
Endometriosis 427 36.4 26.3 154 2.0
Ierine factor 304 340 237 214 21
Male factor 427 381 273 14.8 8.5
Cther causes 427 351 2649 169 9.0
Unexplained cause 421 ari 283 146 7.2
Multiple factors, famale only 384 32.9 244 14.6 7.1
Multiple factors, female and male 9.7 324 225 127 a7
Mumber of previous ART procedures
0 433" 27 2ro 148 75
=1 T 234 240 14.3 6.2
Number of previous births
0 308+ 256t 245+ 1349 6.4
=1 45.4 256 V2 155 73
Treatment factors
Method of embryo fertilization and fransfert
IWF-ET without 1C5] 43.1* an.0 r3 16.3* 8.4+
IVF-ET with 251 among couples diagnosad
with mala factor infartility 413 348 245 128 50
IVF-ET with [CS1 among couples not diagnosed
with male factor infertility T4 A 235 131 47
Mumber of days of embryo culturas
3 40.2* 244 249+ 148 G.2*
5 477 432 332 171 183
Number of embryos transferad
1 17.0* 14.8* 8.1* 4.2* 0.a*
2 44.4 244 215 8.1 34
3 423 ara 266 12.8 73
4 T a4 206 17.2 6.8
=5 KT 231 287 206 1008
Extra embryos available and cryopreservad
Yes 48.6* 44 1+ T 222+ 175+
Mo 36.0 6 226 137 6.2
Use of gestational carrar
Yes 457 45.2* x.T 2006 100
Mo 41.0 250 253 14.4 6.7

* P = 005 ¥2 fo test for varations in live-hirth rates across patient and treatment factor categories within each age group.

' IWF-ET = in vitro fertilization with transcervical ambryo transfer, and ICS1 = intracytoplasmic spermn injection.

5 Limited to @ and 5 days to embryo culture, ART procadures including 1, 2, 4, and & days to embryo culture were not included because each of these
accountad for a limited proportion of proceduras.
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TABLE 5. Multiple-birth risk by type of assisted reproductive technology (ART) transfer procedure performed — United States, 2001

Me. of Mo. of infants
Patient Mo, of rultip le- Multiple-kirth born in Infants born in
age live-birth birth daliverios Ma. of multiple-birth ~ multiple-hirth
(yrs) deliveries deliveries (%) infants born deliveries deliveries (%)
Patient’s eggs used
Frashly ferfilizad ernbryos Allages 21813 7,805 354 30383 16,375 539
<35 12 665 5,025 287 18,219 10,579 561
357 5050 1,756 247 6,978 3675 27
3840 3188 BEG 272 4124 1,802 437
41-42 721 131 174 &71 271 211
=72 167 24 144 1491 48 21
Thawed embryos All ages 3,075 823 26.8 2,971 1,719 433
<35 1,823 512 2748 27 1,078 449
3537 G2 185 272 845 341 437
3540 204 ar 221 486 179 268
41-42 102 24 235 126 45 281
=42 ) 12 222 G7 25 ar.3
Dener's eggs used’
Frashly fertlized ambryos All ages 3,620 1,514 417 5257 2,142 a8
Thawed embryos Allages 827 235 284 1,076 484 450
Total All ages 29,344 10,377 354 40,687 21,720 53.4
:r Multiple-birth risk.
Age-specific statistics are not presanted for procedures that used donor eggs because only limited variation by age exists among thesa procadures.
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Figure 5

FIGURE 5. Live birth rates and multiple-birth risk, by number
of embryos transferred — United States, 2001
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TABLE €. Number and percentage of infants born in multiple-hirth deliveries by patient's statelterritory of residence® at time of
assisted reproductive technology (ART) treatment — United States, 2001

Mo, of Mo. of infants born Infants born in Infants born in

infants in multiple-kirth multiple-kirth Infants born in triplet or more
Patient’s state of residency horn deliveries deliveriest (%) twin deliveries (%) deliveries (%)
Alabama¥ 242 147 G0.7 446 16.1
Alaska¥ 20 14 483 483 0.0
Arizona 578 203 50.7 403 10.4
Arkansas 191 104 545 402 52
California 4943 2673 54.1 451 54
Colorad of 8e83 542 G1.4 511 103
Connecticut 791 403 50.8 4449 6.1
Delawara 155 az 520 445 8.4
District of Columbia® 120 58 48.3 433 5.0
Florida 1,832 Qa5 543 455 8.8
Geargia 918 478 52.1 432 8.8
Guam 1 1 1 1 1
Hawaiis 1332 73 54.0 459 .0
|daho 47 26 55.3 553 0.0
[Ningis 2551 1,278 50.1 426 75
Indiana 614 336 54.7 4210 127
lowa 433 247 57.0 402 7.0
Kansass B 157 49.4 390 10.4
Keantucky 282 152 543 40.4 138
Louisiana® 214 125 58.4 411 172
Maine® 52 17 327 2649 58
Maryland® 1,449 T86 54.2 473 7.0
Massachusetts 2,015 1,390 48.0 435 45
Michigan 1,198 611 51.0 N7 9.3
Minnesota 929 457 50.3 445 58
Mississippi 102 48 471 422 4.9
Mis=souri 596 338 56.7 473 9.4
Montana G2 43 604 548 14.5
Mebraska 253 139 520 354 17.5
Mevada 192 114 50.4 500 04
Mew Hampshire 230 109 47.4 4049 6.5
Mew Jarsay 2470 1,358 550 471 7.0
Hew Maxico® Ly 1 56.0 527 33
Mew Y ork 4 4098 2,353 523 458 6.6
North Carolina® 752 442 58.8 453 13.4
Morth Dakota 63 23 524 47 6 48
Ohia 1,216 GET 56.5 456 7.9
Cklahorna% 275 151 54.0 46.2 B.7
Oragon 34 191 56.0 0.7 53
Pannsylvania 1,287 GeE 519 437 8.2
Puerto Rico 101 43 426 3T 8.0
Rhode Island 269 165 G1.3 453 13.0
South Canolina® 350 179 511 3849 123
South Dakota 26 18 50.0 500 0.0
Tennesses 392 240 G61.2 40.0 12.2
Texast 2,265 1,286 56.8 45.3 8.5
Utah 155 75 48.4 400 8.4
Wermont GE 26 54.5 545 0.0
irgin lslands 1 1 1 1 1
Wirginia® 1,141 GOG 531 480 a1
Washington 723 370 51.2 423 8.9
West Virginia TE 24 447 447 0.0
Wisconsin 217 116 53.5 306 138
Whyoming 18 1 1 1 1
Mon U.5. resident 613 345 56.3 4548 75
Total 40,687 21,720 53.4 45.6 7.8

* Incasas of missing residency data, the patient's state of residency was assigned as the state in which the ART procedure was performed. Medical centers
i all but four states had missing residency for <10% of ART infants. Medical canters located in Georgia, Massachusetts, Minnesota, and Mew York hiad
>10% missing residency data.

Mumbers might not sum to total becauss of rounding.

Approximately 1% of ART procadures were reported from military medical centers located in Califormia, District of Columbia, Hawaii, and Texas. States for
which 1% of ART procadures among state residents were performed in a military madical canter were Alabama, Colorado, Kansas, Louisiana, Maine,
Maryland, Mew Mexico, Horth Carolina, Oklahoma, South Carclina, and Texas. States for which =5% of ART procedures among state residents were
peformed in a military medical canter were Alaska, District of Columbia, Hawaii, and YWirginia.

T Data not indicated to praserve confidentiality, but included in total.
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FIGURE 6. Live hirth rates and multiple-birth risk, by number
of embryos transferred — United States, 2001*

Woman aged 41-42 years who used freshly
fartilized embryos from their own eggs
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* Murnbers might not add to 100% bacause of rounding.

f Percantages of live births that wera singletons, twins, and trplets or higher
order ara in parenthesos.
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Table 7

TABLE 7. Effect of assisted reproductive technology (ART) on total births by plurality — United States, 2001
Caontribution of ART

Number of ART infants*? Number of total U.5. to total births
% of total) infantss (% of total) in the United States (%)
Live births in single deliveries 17,123 (46.2%) 3,807 216 (0E.8%) 0.4
Live births in multiple delivaries 19964 (53.8%) 128,717 (3.2%) 155
Twin deliveries 16,838 (45.4%) 121,246 (2.0%) 13.0
Triplets or higher order dalivaries 2126 (8.4%) 747 {0.29%) 418
Total numbser of live births 37,087 4,025,933 0.9

* Source: Assisted Reproductive Technol oy Surveillance Systam.
Includes infants concaived from ART procedures perfarmed in 2000 and born in 2001 and infants conceived from ART procedures performed in 2001 and
barn in 2001.

% Source: US. natality file, CDC, Mational Center for Health Statistics.
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FIGURE 7. Live birth rates and multiple-birth risk, by number
of embryos transferred — United States, 2001

Woman aged =42 years who used freshly
fertilized embryos from their own eggs
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Figure 8

Figure 8. Live birth rates and multiple-birth risk, by number
of embryos transferred — United States, 2001
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Figure 9. Live birth rates and multiple-birth risk, by number
of embryos transferred — United States, 2001*
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Figure 10

Murmbers might not add to 100% because of rounding.
Parcentages of live births that wera singletorns, twirs, and triplets or higher

Figure 10. Live hirth rates and multiple-hbirth risk, by humber
of embryos transferred — United States, 2001
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Figure 11. Live birth rates and multiple-birth risk, by number
of embryos transferred — United States, 2001*
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