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Objective: To evaluate how the ranking of IVF programs changes if high-order multiple pregnancies (HOMPs) are
considered negative outcomes.
Design: Retrospective analysis.
Setting: The 2004 Society for Assisted Reproductive Technology Clinic Outcome Reporting System.
Patient(s): Two hundred seven programs that performed >50 IVF cycles were analyzed, and only patients %35
years of age were included.
Intervention(s): Program size, success rate, and number of embryos transferred were recorded for each program.
All programs were ranked in accordance to these variables.
Main Outcome Measure(s): The programs were re-ranked after considering HOMPs as negative, rather than as
positive, outcomes.
Result(s): High-order multiple pregnancies were more abundant as the number of embryos replaced increased.
The live birth rate, after excluding HOMPs, significantly decreased as the number of embryos transferred in-
creased. The lowest ranked programs performed transfers with the greatest number of embryos (2.4–4.5). After
HOMP exclusion, the rank of programs that transferred >2.4 embryos decreased, as opposed to the programs
that transferred fewer embryos (1.8–2.4).
Conclusion(s): Reclassifying HOMPs as failed cycles will result in a reduced rank in programs that maintain high
embryo replacements. Redefining success as a singleton or twin birth significantly changes the ranking order of
programs and, potentially, how programs are perceived. (Fertil Steril� 2008;90:1064–8. �2008 by American
Society for Reproductive Medicine.)
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The term IVF success rates provokes strong emotions on the
part of reproductive specialists. Despite the admonition of the
Society for Assisted Reproductive Technologies (SART) that
‘‘a comparison of clinic success rates may not be meaning-
ful because patient medical characteristics and treatment
approaches may vary from clinic to clinic,’’ it is inevitable
that patients and physicians will use the registry for direct
comparisons. In general, the majority of programs use the
SART guideline that a successful IVF outcome is a ‘‘live birth
per IVF procedure.’’ Programs may, in an attempt to improve
apparent success rates, transfer a greater number of embryos.
There is, however, a plateau effect that varies from program
to program, in that greater numbers of embryos will increase
the multiple-pregnancy rates without a major improvement
in success rates (1–4). The actual physical, emotional, and
financial costs of this strategy may be far greater than realized
because of the increased morbidity that is associated with
multiple pregnancies (5–7).

Interwoven with the issue of competing success rates is the
multiple-gestation rate that currently is reaching epidemic pro-
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portions in the United States. Although other countries have
effectively reduced multiple gestations by legislative changes,
the United States still is dependent uponvoluntary adherence to
the American Society for Reproductive Medicine guidelines.
The problem is now so significant that 35% of deliveries after
assisted reproductive technology were multiple births, as com-
pared with 3% in the general United States (8), and the 2004
SART Clinic Outcome Reporting System online report, which
documented a 4.9% triplet rate in women who were<35 years
of age prior to using their own oocytes. Given that multiple ges-
tation is the greatest risk factor for premature delivery, it is log-
ical to conclude that a cavalier attitude toward multiples will
lead to significant future neonatal morbidity, if not mortality.

The current method of calculating IVF success rates con-
siders multiple gestations and prematurely delivered infants
to be successes, rather than failures. Patients may see multi-
ple births as an acceptable outcome and may even construe
multiple gestations as actualizing a better return on their
financial investment. They may be less sophisticated about
the greater risk of neonatal morbidity and pregnancy loss.
When patients evaluate IVF programs on the basis of Centers
for Disease Control and Prevention–reported data, they may
conclude that a program with a higher success rate may be
preferable to a program with a reduced success rate, even if
the latter program has a very low multiple-pregnancy rate.
0015-0282/08/$34.00
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For the purposes of the study, we chose to evaluate how
reclassifying IVF success would change the current way we
perceive programs. By incorporating higher order multiple-
gestation rates into the calculation of success rates, we
attempted to address whether reclassification would afford
patients a more accurate measure of their reproductive out-
come after IVF. Specifically, we asked whether reclassifying
triplet pregnancies as failed cycles would result in a reduced
rank in programs that maintain high embryo replacements
and high multiple-pregnancy rates.

MATERIALS AND METHODS

Institutional review board approval was obtained for retro-
spective data collection and analysis of laboratory and clini-
cal data. The 2004 SART Clinic Outcome Reporting System
online report was used to assess the reproductive perfor-
mance of the 385 assisted reproductive technology centers
that report to SART. The data set is fully deidentified, in
accordance with Health Insurance Portability and Account-
ability Act regulations, and was analyzed in the current study.
Two hundred seven programs reported R50 cycles to SART
and were used for the analysis. Smaller programs were not
evaluated because they had few pregnancies. Only data for
patients <35 years of age were examined. Success, for the
study, was defined as live birth per embryo transfer proce-
dure. A live birth is a cycle that resulted in at least one
live-born neonate, regardless of the number of other neonates
and of whether they were live born or stillborn.

The size of the programs (number of cycles performed),
the success rates of the programs, and the mean number of
embryos transferred were recorded, based on the traditional
measure of live birth per embryo transfer. All programs
were ranked in accordance to these factors and were orga-
nized, in an ascending mode, into quartiles and analyzed in-
dependently. The success rates were then recalculated,
subtracting pregnancies that were diagnosed as triplet or
higher-order multiple pregnancies (HOMPs), and the centers
were reranked.

Statistical analysis was performed by using Analyse IT
software for Microsoft Excel 2000 (Analyse-it Software,
Ltd., Leeds, West Yorkshire, United Kingdom). Logistical
regression, one-way analysis of variance, and c2 tests were
used as indicated. Significance was set at the P<.05 level.

RESULTS

Quartiles were established on the basis of program size.
Quartile 1 included 52 programs that performed between
50 and 72 cycles annually. Quartile 2 included 52 programs
that performed between 73 and 109 cycles. Quartile 3 in-
cluded 52 programs in which 110–180 cycles were performed
annually, and finally, quartile 4 consisted of 51 large pro-
grams that performed between 181 and 1,095 cycles. Accord-
ing to the initial success rate, 52 programs had a success rate
of 16%–36%, 52 programs had a 36%–42% success rate,
52 had a 42%–48% success rate, and the final group had a
Fertility and Sterility�
success rate of 48%–67%. On the basis of the number of
embryos transferred, the programs within the first group
had a mean number of 1.8–2.2, the second group had a
mean of 2.2–2.4, the programs within the third group had a
mean of 2.4–2.8, and the last 51 programs had a mean number
of 2.8–4.5 embryos transferred.

Of the 207 programs analyzed, success rates ranged from
16.7% to 67.3% live births per embryo transfer, and triplet
rates ranged from 0 (in 43 programs) to 40.7%. Fifty pro-
grams (25.1%) had a >10% triplet rate, and 15 programs
(7.2%) had a >20% triplet rate.

Size of Program

The live birth rate according to the size of the program was
not significantly different among the four groups. The live birth
rate reported in the four groups was between 32.4% and 37.1%.
After correcting the data by removing the triplet and higher-
order pregnancies, the success rate decreased to 28.8%–33.8%
(not statistically significant). The overall success rates, after
correcting the data, dropped by 8.3% and 12.1% (not statisti-
cally significant). Success rates were not affected by the size
of the programs. The triplet rate across all groups was not dif-
ferent according to size of the program, with an overall mean
between 4.1% and 6.3% (P¼.114; Table 1).

Success Rates

The live birth rates of programs with lower success rates did
not differ from those of programs with higher success rates,
after excluding the triplet and higher-order pregnancies
(P¼.18; Table 1).

Number of Embryos Transferred

We further analyzed the difference in success rates after
excluding triplet pregnancies according to the number of
transferred embryos. We encountered that programs that
transferred the fewest embryos presented the highest success
rates, both before and after data adjustment. The success rate,
after excluding HOMPs, decreased significantly across all
groups as the number of embryos transferred increased
(P<.001). There was a 21.8% decrease in live birth rates
when triplet pregnancies were eliminated in programs pre-
senting the highest mean number of transferred embryos.
The triplet rate was higher as the mean number of embryos
replaced increased (Table 1 and Fig. 1).

The lowest ranked programs performed transfers with the
greatest mean number of embryos (2.4–4.5). After excluding
triplets, the mean rank of programs that transferred >2.4 em-
bryos worsened, as opposed to the case of the programs that
transferred fewer embryos (1.8–2.4), which presented an
improved ranking position in terms of success (Table 2).

Thirty-two percent of the programs in which the fewest
number of embryos were transferred improved their ranking
position, whereas 1% of these programs declined in their
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TABLE 1
Programs’ size, success rates, and mean number of transferred embryos (ET), based on live birth
rate (LBR) per ET.

Parameter
LBR including

HOMP
LBR excluding

HOMP
Mean rate
of HOMP

% Decrease
in LBR after

data correction

Program size
Quartile 1 (n ¼ 52) 32.4 28.8 5.7 11.2
Quartile 2 (n ¼ 52) 34.7 30.5 6.3 12.1
Quartile 3 (n ¼ 52) 37.1 33.8 4.6 9
Quartile 4 (n ¼ 51) 33.7 30.9 4.1 8.3

Success rate
16%–36% (n ¼ 52) 29.5 25.7 4.1 12.9
36%–42% (n ¼ 52) 39.3 33.1 6.0 15.8
42%–48% (n ¼ 52) 45.7 40.1 4.9 12.3
48%–67% (n ¼ 51) 54.9 49.1 4.9 10.6

Mean no. of ETs
1.8–2.2 (n ¼ 52) 46.3 44.2 2.1 4.5a

2.2–2.4 (n ¼ 52) 44.3 39.9 4.4 10.0a

2.4–2.8 (n ¼ 52) 40.7 34.6 6.1 15.0a

2.8–4.5 (n ¼ 51) 37.7 29.5 8.3 21.8a

Note: All data are percentages. HOMP ¼ high-order multiple pregnancies (R3 fetuses).
a P< .001.

Grunfeld. Redefining in vitro fertilization success. Fertil Steril 2008.
position. Eleven percent of programs that had a mean of 2.2–
2.4 embryos transferred presented improvement in their
rank, and 5% had a decline. The third group (a mean of
2.4–2.8 embryos transferred) presented a decrease in rank
in 26% of the programs, whereas 15% of the programs im-
proved their ranking position. Thirty-two percent of pro-
grams that had the greatest mean number of transferred
1066 Grunfeld et al. Redefining in vitro fertilization succ
embryos presented a decline in rank, and 9% of these pro-
grams improved in rank.

DISCUSSION

Since IVF was introduced, there has been a trend toward
increased success, with a concomitant increase in multiple-
FIGURE 1

Programs that transferred the fewest embryos presented the highest success rates, both before
and after data correction.
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TABLE 2
Numbers of programs per quartile, their mean numbers of transferred embryos (ET), their ranks,
and their changes in rank after excluding HOMP.

Quartile
no.

No. of
programs

Mean no.
of ET

Overall mean
rank New rank

Change in
ranking position

1 52 1.8–2.2 80.6 62.9 þ17.7
2 52 2.2–2.4 96.2 92.2 þ4
3 52 2.4–2.8 115.2 121.8 �6.6
4 51 2.8–4.5 129.7 146.4 �16.7

Grunfeld. Redefining in vitro fertilization success. Fertil Steril 2008.
gestation rate. This trend has been attributable to improved
stimulation regimens, improved laboratory quality, and the
introduction of multiple-embryo transfers. The most frequent
measure of IVF success per center continues to be number of
live births per cycle, irrespective of neonatal outcome. Be-
cause HOMPs are reported to SART before discharge and fe-
tal reduction, the incidence of these pregnancies is consistent.
We have demonstrated in this study that reclassifying higher
order multiple gestations as failed cycles would result in a
reduced rank for programs that maintain high embryo re-
placements and high multiple-pregnancy rates. By redefining
success as a singleton or twin birth, the ranking order of pro-
grams and potentially how individual programs are perceived
would change, and patients would potentially have a better
marker of identifying their chance of achieving true success
at each individual IVF center.

Reproductive specialists are aware of the risks and
complications related to multiple pregnancies, especially
triplet and higher-order pregnancies. Multiple strategies,
such as blastocyst culture, preimplantation genetic screening,
embryo cryopreservation, and more recently, proteomics and
metabolomics of embryonic culture media, are aiding in the
goal of achieving single-embryo transfer without sacrificing
success rates (9). However, because these strategies are not
available to all centers and not all patients are candidates
for their applicability, we face a realistic problem that is
not exclusive to certain programs, countries, or continents.

According to the 2004 Centers for Disease Control and
Prevention report (10), in the year 2002 in the United States,
the mean number of embryos transferred was 2.7 for women
<35 years of age, 3.0 for women 35–37 years of age, 3.3 for
women 38–40 years of age, and 3.5 for women 41–42 years
of age. Approximately 62% of fresh non-donor IVF transfers
included three or more embryos transferred. The incidence of
multiple-fetus pregnancy for non-donor IVF patients was
36% (29.4% twins and 6.8% triplets). Given these relatively
elevated HOMP rates, when compared with spontaneous
events, and given the comorbidity and mortality associated
to this phenomenon, we set out to determine whether a differ-
ence in rates is encountered by eliminating these triplet preg-
nancies from the programs’ success, based on program size,
and according to the number of transferred embryos. We
Fertility and Sterility�
wanted to determine whether the programs’ respective rank-
ing positions changed by eliminating these cases.

For one, we found that overall success rates are not
correlated with the size of the program, because we found
that smaller size programs had results comparable to those
of larger programs. Triplet rates were not different on a pro-
gram-size basis, either. We did not demonstrate a correlation
between triplets and the success rates of a program. How-
ever, we encountered that triplet and higher-order pregnan-
cies are more abundant as the mean number of embryos
replaced increases. In a related finding, programs that trans-
fer higher numbers of embryos tend to have lower success
rates.

In addition, when we reclassified the ranking position of
these programs that have a higher mean number of trans-
ferred embryos, their ranking positions dropped significantly
(17 positions). On the contrary, for those programs that trans-
fer fewer amounts of embryos, we encountered a significant
improvement in their ranking position (18 places), after elim-
inating triplet and higher-order pregnancies. Reclassifying
triplets as failed cycles will result in a reduced rank for pro-
grams that maintain high embryo replacements and high mul-
tiple-pregnancy rates. We have demonstrated that redefining
success as a singleton or twin birth significantly changes the
ranking order of programs and potentially how programs are
perceived. It may be wise to exclude triplet pregnancies from
success when evaluating IVF center performance. This will
remove the incentive to transfer higher embryo numbers in
an attempt to overcome uncertainty about implantation rates.
Our data demonstrate that this problem is most prevalent in
programs that have poor success rates. It is possible that if
this reclassification system is adopted, the consumer market
will limit the number of embryos transferred, and this could
potentially result in avoiding the need for legislative over-
sight. Concern about the higher incidence of adverse out-
comes associated with multiple pregnancy has led SART to
establish new guidelines recommending the number of em-
bryos or oocytes to be transferred in certain patient groups.
These guidelines are based on analysis of the US experience,
as reported to SART. The impact of implementation of these
guidelines, which were released in 2006, will not be known
for several years (11).
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In the absence of federal regulations on the number of em-
bryos that may be transferred, it is the free market that polices
IVF program policies. Increased collection of accurate and
useful data will ultimately assist each individual program,
as well as the consumer, in identifying practice patterns
and outcome probabilities.

Many infertile couples are unaware of the risks of multiple
births and hence welcome these as an outcome to their fertil-
ity treatment (12). This desire, combined with financial pres-
sures on couples of having to fund their own IVF treatment
and with market competition between fertility clinics, in-
creases the likelihood that multiple embryos will be replaced
to maximize the so-called success rate. However, that rate
must also be balanced with consideration of effects on mater-
nal and fetal health. Increasing patient awareness of the risks
of multiple births through counseling is an important strategy
for reducing the incidence of multiple gestations.

Performance of assisted reproductive technology centers
should be measured and reported so as to place greater em-
phasis on the outcome of singleton or even twin pregnancies,
rather than on the traditional measure of live births (regard-
less of the quantity) per assisted reproductive technology
cycle initiated. Instead, higher order multiple gestations
should be regarded as complications. Infertility specialists
must play an important role in ensuring that the risk of mul-
tiple pregnancies is minimized by education of patients
and health care professionals and by promoting structural
change in practice. The aim of IVF treatment should shift
from maximizing the pregnancy rate per treatment cycle to
optimizing the number of healthy deliveries achieved per
patient treated.
1068 Grunfeld et al. Redefining in vitro fertilization succe
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