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Abstract

Fetal reduction (FR) began in the 1980s to salvage the preg-
nancies of couples needing fertility therapy who were finally
successful but with too many fetuses. Since then, it has gone
from ararity performed in only the highest risk situations to
anintegral fail-safe of infertility practice. Our understanding
of the preblems of multiple and premature births has in-
creased — even twins carry 4-5 times more risk than single-
tons. Evaluation of fetuses before FR has permitted more in-
telligent choices and improved resultant outcomes. We now
perform chorionic villus sampling in approximately 85% of
cases, obtain fluorescent in situ hybridization (FISH) results
overnight, and then perform FR the next day. Decisions about
which to reduce prioritize anomalies, but now can include
fetal gender in the decision process, as couples are now just
as likely to want girls as boys. In Mendelian cases, sophisti-
cated molecular analyses permit diagnoses before FR, and
new uses such as paternity analysis canbe performed. Ethical
arguments have also evolved; as with many technologies in

which the start was for only ‘life or death cases’, FR has also
moved into ‘quality of life’ issues. FR of twins to a singleton
now compromise about 30% of our cases.
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The Problem

Pregnancy management via fetal reduction (FR) has
witnessed considerable changes over the last 25 vears
since we first published on the subject [1]. These changes
have taken place in medical technology outcomes, patient
choices, and the larger demographic and cultural shifts
that are driving the pace and direction of change.

At its core, FR started out as a way of managing preg-
nancies in which the risks to both mother and fetuses
from carrying multiple embryos were extreme. Selective
termination (as it was called then) of some of the embry-
os to increase the viability of the remaining ones and re-
duce the risk of morbidity and mortality for the mother
was a desperation approach to salvage the situation. As
hasbeen the case in numerous other technological chang-
es, what began as a dominant concern with matters of ‘life
and death’ has eventually become accepted and then in-
dications transformed from the crisis of ‘life and death’
into issues of quality of life [2, 3].

KARG ER @ 2014 5. Karger AG, Basel
1015-3837 14/0332-0069639,50/0

E-Mail karger@karger.com

wiww karger.com/fdt

Mark I. Evans, MD
Comprehensive Genetics

131 E. 65th st

New York, NY 10065 (USA)
E-Mail Evans @ Compregen.com

W24 11:45:30 A



3.0
25
e
20 — Singletons
— Twins
15 _
—— Triplets
10 = Quadruplets
—— Quintuplets+
05
Fig-1.(:1‘1211‘185Intht" ratio ('lfbinhsh}’plt"u- 0 1989 I 1993 I 1996 I 2001 I 2003 I 2006 I 2009 2011 I
rality in given years compared to the 1989
baseline.
Table 1. Longitudinal trends in multiples in the USA [5] 1/30 [4, 5]. A woman seen walking down the street with
twins in a stroller has a nearly 70% chance of having
Year Twins  Triplets  Quads  Quints+ achieved that pregnancy with medical assistance.
011 131269 5.137 139 1 _ The incidence of hlgher—rorder IIlllltlp}eS has some-
2009 137217 5.905 355 80 what. plateaue_d, but many IVF programs create as many
2006 137,085 6,118 355 67 multiples as singletons [4, 5]. For 2009, the United States
2003 128615 7,110 468 85 Society for Assisted Reproductive Technologies reported
212‘)) 1 }2]1]’24(; ("23‘; 3”1) i; 32,305 singleton and 13,655 multiple pregnancies pro-
Y 75 5.24 56 . - . .
© U0, oo ducing 60,190 infants. Thus, overall, nearly half the babies
1989 90,118 2,529 229 40 e - .
born from IVF in the USA are part of multiple pregnan-
[ncrease 1989-2011 45.7% 102.3%  4.36%  2.5%

Quiads = Quadruplets; Quints = quintuplets.

Table 2. [VF management: maternal age and transfer values [3]

SART 2009 Maternal age, vears

<35 35-39 40+
Mean transfer, n 2.1 25 3.0
Single embryo transfer, % 7 3 0.5

Louise Brown, the first person to be conceived through
in vitro fertilization (IVF), was born in July 1978. In the
35+ vears since and with more than 2,000,000 IVF babies
born, a demonstrable common side effect of infertility
treatments hasbeen a skyrocketing incidence of multiple
gestations. In the USA, twins have gone from the prein-
fertility treatment era background of 1/90 to now nearly
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cies [5] (table 1).

Examining the trajectory of these multiple births over
the last 25 years, however, a somewhat different picture
emerges [5-7]. The number of twin births has escalated
and stayved relatively constant, but the curves for triplets
and above show a curvilinear pattern (fig. 1). The picture
is most clear for quadruplets: aninitial doubling and then
areturn to roughly the same number as in 1989 (which as
a percentage of eligible women would be even lower). The
occurrence of higher-order multiples may be thought of
as an unintended consequence of the development of in
vivo and in vitro fertilization techniques. Their occur-
rence then stimulated changes in medical technology and
procedures that over time have afforded greater control
of the clinical situation - a critical mediating concept in
this discussion.

One of the key developments with respect to control
of the clinical situation beyond that afforded from simply
moving from the use of gonadotropins to IVF has been
the development of norms and expectations regarding
single-embryo transter (SET) [5-7]. While SET can have
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Table 3. CDC 2010 data

Age, Fresh cycle Frozencycle

PEEIS n trans, n LB/ftrans, %  mult, % n trans., n LB/trans., %  mult., %
Nondonor <35 41,744 2.0 47.6 34.0 12,631 2.0 38.4 4

35-37 21,369 2.2 38.3 287 6,195 1.9 34.7 4

38-40 21,741 2.6 28.1 23.3 4,682 2.1 28.4 4

41-42 10,122 3.0 16.7 18.0 1,591 2.2 21.5 4

43-44 4501 3.2 7.4 10.2 710 2.2 16.8 4

45+ 1,347 2.7 1.8 (2/14) 432 2.0 13.0 ?
Donor 9866 2.0 55.8 4 6,665 2.0 349 4

trans. = Transfers; LB = live birth; mult. = multiples.

many medical advantages, the economics of IVF in the
USA make it highly unlikely that SET will ever be pre-
dominant in the USA. As an illustration, Society for As-
sisted Reproductive Technology (SART) guidelines state
that under the age of 35 years, only 2 embryos should be
transferred. However, according to Centers for Disease
Control and Prevention (CDC) and SART data, the aver-
age number is actually 2.4 [5-7]. With economic pres-
sures resulting from high costs for every cycle (common-
ly USD 15,000 or more with variable insurance coverage),
everyone - both patient and IVF provider - is under pres-
sure to achieve a very high pregnancy rate with each cycle.
This is not likely to change even with any health care ‘re-
form’ that may ultimately emerge in the USA. For exam-
ple, SART data from 2009 show that only 7% of US cases
in women under 35 vears were SET, and the numbers
were much lower in older women (table 2) [5-7].

Furthermore, Lawlor and Nelson [8] in 2012 using UK
data showed that the highest success rate for live-borns
was higher by about 7% by transferring 2 embryos in 1
cycle rather than 1 each for 2 cycles. Regardless, the per-
centage of live births per transfer clearly diminishes with
advancing maternalage - both for fresh and frozen cycles.
Thus, being more aggressive in transfers is understand-
able, but also correlates with increased risks of multiples.
Donors tend to be younger, so statistically they resemble
the <35-year-old cohort (table 3).

The proportion of very-high-order multiples has di-
minished because of a shift in management from ovula-
tion induction to IVF in which there is better control of
the number of embryos transferred. We have seen that
the average ‘starting number’ of patients presenting for
FR procedures has slowly gone down from about 3.5 to
now slightly under 3.0 (table 4) [5-8]. It is tempting to
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Table 4. Number of embryos transterred for selected years (non-
donor eggs)

Year Maternal age, years
<35 35-37 38-40 41-42 43-44 45+
1993 34 3.6 3.7 3.9
2001 2.8 3.1 34 3.7
2004 2.5 2.7 3.0 3.3
2007 2.2 2.5 2.8 3.1 3.2
2010 2.0 2.2 2.6 3.0 3.2 2.7

provideasimple explanation for the shape ofthese curves,
but we suspect itisaresult of tighter management control
and the changing demographics of those seeking FR in
their effort to improve outcomes.

As the risks have become better known and the gen-
eral public has become more knowledgeable regarding
the possibilities of intervention, there has been a shift to-
ward skepticism. The Dionne quintuplets of the 1930s
were treated as a miracle of sorts, met with awe and
amazement which continued with other cases for over 60
vears. Similarly, ‘miracle’ status was accorded to other
highly publicized cases such as the Frustasci familyin the
1980s and McCoys in the 1990s. A sentinel momentin the
USA was the public response to the 2009 ‘Octomom’ in
California, which shifted public perception from the ‘ap-
preciative amazement’ of the 1980s to elements of shock
and disgust [9]. As a result, transfer of 23 embryos sig-
nificantly diminished, and many intended ovulation in-
duction cases were converted to IVF midcycle if ultra-
sound or hormone levels suggested a high risk of multi-
ples [9].
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Fig. 2. Multiples and prematurity.

Pregnancy loss is not the only deleterious outcome.
Decades of data have shown the incidence of prematurity
and related sequelae directly correlate with fetal number
(fig. 2) [5-8]. However, it has not been well appreciated
that about 20% of babies born at <750 g develop cerebral
palsy [10]. In Western Australia, Petterson et al. [11]
showed that the rate of cerebral palsy was 4.6 times high-
er for twins than singletons per live births, but 8.3 times
higher when calculated per pregnancy. Pharoah and
Cooke [12] calculated cerebral palsy rates per 1,000 1st-
year survivor at 2.3 for singletons, 12.6 for twins, and 44.8
for triplets [13]. What we have witnessed is a greater sen-
sitivity to these risks among older patients and a corre-
sponding increase in the use of prenatal diagnosisand FR.

There are profound public health implications to pre-
maturity, as US data from 2000 showed that of USD 10.2
billion spent per vear on initial newborn care, 57% of the
money was spent on the 9% of babies born at <37 weeks
of gestation [14]. In 2003, more than USD 10 billion was
spent on the 12.3% born preterm [15]. Data from 2005
show that there is considerably higher neurologic and de-
velopmental disability in 6-year-olds who survived birth
at 26 weeks of gestation or less [16, 17]. The rates of se-
vere, moderate, and mild disability were 22, 24, and 34%
respectively. Significant cerebral palsywas presentin 12%
[17]. Hack et al. [18] also showed that in babies born at
<1,000 g, the rate of cerebral palsy was 14% as opposed to
0% for controls; asthma, poor vision, 1Q <85, and poor
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motor skills were all also substantially higher. Improve-
ments in neonatal care have had more impact on reduc-
ing mortality, particularly at early gestational ages with
the resultant increase in compromised surviving infants
[19]. Asthese costs escalate, we would expect correspond-
ing changes in insurance coverage and the shaping of
practice in IVF clinics, as well as a continued increase in
sensitivity to these issues, especially among more at-risk
patients.

Historical Approach of FR

FR was developed as a clinical procedure in the 1980s
when a small number of clinicians in both the USA and
Europe attempted to reduce the usual and high adverse
sequelae of multifetal pregnancies by selectively termi-
nating or reducing the number of fetuses to a more man-
ageable number. The first European reports by Dumez
and Oury [20], and the first American report by Evans et
al. [1],followed bya further report by Berkowitz et al. [21 ]
and later Wapner etal. [22], described a surgical approach
to improve the outcome in such cases.

In the mid-1980s, needles were inserted transabdomi-
nallyand maneuvered into the fetal thorax. Methods have
included predominately injection of KCI, but also me-
chanical disruption of the fetus, air embolization, and
electrocautery. Transcervical aspirations were also ini-
tially tried, but with little success. Some centers also used
transvaginal mechanical disruption or KCI, but data sug-
gested a significantly higher loss rate than with the trans-
abdominal route [23]. Today virtually all experienced op-
erators perform the procedure of inserting needles trans-
abdominally under ultrasound guidance into the thorax,
but transabdominal and intracranial injections have been
used [24]. Some published and unpublished data have
suggested that some centers still continue to use 6- to
8-week transvaginal reduction procedures despite con-
siderably higher loss rates.

Aswith most surgical experiences, data over time have
shown improvements with increasing understanding of
the nature of the clinical situation, risks and benefits of
any approach, and a feel for how those services should be
best presented to patients and carried out by clinicians. A
significant early milestone was the collaboration across
major centers conducting FRs. Twenty years ago several
centers with the world’s largest experience began collabo-
rating to leverage their data. In 1993 our first collabora-
tive report showed a 16% pregnancy loss rate through 24
completed weeks of gestation [25]. At the time, such
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Table 5. Risks of multiple pregnancies and improvements with FR

Starting, n  Spentaneous Finishing, Reduction of
loss rates n risk of loss
o+ 90-99% 2 90-10%
5 75% 2 50-7%
4 25% 2 25-4%
1 25-7%
3 15% 2 15-3.5%
1 15-4%
2 8% 1 8-2.5%

Data are extrapolations of multiple papers. When there are
monozygotic twins as part of the multiple, the overall risk is in-
creased as if there were 1 more as the starting number.

numbers represented a major improvement for higher-
order multiple pregnancies. Further collaborative papers
continued to show dramatic improvements in the overall
outcomes of such pregnancies (table 5). In the 1980s the
first question asked was, ‘At how many fetuses is it rea-
sonable to offer FR?" The answer generally varied between
triplets and quadruplets, and there were wide differences
in perceptions of risks by specialty and religious beliefs
[26]. Multiple papersin the 1990s then demonstrated that
with triplets or more, there was clear improvement in re-
ducing to twins. Numerous papers argued whether trip-
letshad better outcomes ‘reduced’ or not. Yaron et al. [27]
compared triplets —twins data to unreduced tripletswith
two large cohorts of twins. The data show substantial im-
provement of reduced twins as compared to triplets. The
data from the 2001 collaborative series and others sug-
gested that pregnancy outcomes for cases starting at trip-
lets or even quadruplets reduced to twins at about 12
weeks of gestation do fundamentally as well as starting as
twins. Antsaklis et al. [28] showed a reduction of losses
from 15.41 to 4.76% for twins and diminishment of low
birth weight from 28 to 11%.

These data supported some cautious aggressiveness in
infertility treatments to achieve pregnancy in difficult
clinical situations. However, when higher numbers oc-
curred, good outcomes clearly diminished. Luke et al.
[29] suggested in twin pregnancies with assisted repro-
duction that FR increased the risks for birth at <30 weeks
of gestation, very low birth weight, and slowed midgesta-
tional growth. This analysis, however, ignored the start-
ing conditions (i.e. as compared to keeping the quadru-
plets, how did they do?). Kozinsky et al. [30] showed that
the perinatal outcomes of singleton and twin pregnancies

Fetal Reduction: 25 Years’ Experience

following assisted reproductive technologies were com-
parable to spontaneously conceived, matched pregnan-
cies. McDonald et al. [31] showed in a meta-analysis that
twins from IVF, even when matched to spontaneously
conceived twins, had a somewhat higher risk for preterm
birth, but no significant differences in perinatal deaths,
congenital malformations, or low birth weight. Several
other papers over the last decade have likewise shown
higher risks for ‘unreduced’ triplets than for reduced cas-
es [32-35]. It is clear that one must use extreme caution
in choosing comparison groups. Blickstein [36] reported
that triplets did worse than reduced twins in every peri-
natal category in his large database.

Data from a 2001 collaborative study using late first-
trimester procedures likewise clearly demonstrated that
the outcome of triplets reduced to twins, and quadruplets
reduced to twins, performed essentially as if they started
as twins [37]. Not only was the pregnancy loss rate sub-
stantially lowered, but so was the rate of very early pre-
maturity. Both continued to be correlated with the start-
ing number and finishing number. More recent data have
shown continued improvements in management and
overall outcomes in the hands of experienced centers (ta-
ble 5).

Increasing experience and changes in infertility man-
agement have also led to new situations. With changes in
IVF laboratory techniques and increasing use of blasto-
cyst transfers, the number and proportion of monozy-
gotic twins has increased significantly in the last decade
[7,9, 38]. Approximately 7% of our triplets+ casesinclude
a monochorionic-diamniotic twin pair [38]. Our experi-
ence shows that, provided the ‘singleton’ seems healthy
[by chorionic villus sampling (CVS) and ultrasound], the
best outcomes are achieved by reduction of the monozy-
gotic twins. Obviously, if the singleton does not appear
healthy, then keeping the twins is the next choice al-
though not every center has shown comparable improved
outcomes [39].

In the 2001 collaborative report, the subset of patients
who reduced from 2 — 1 suggested a loss rate comparable
to 3 —2,butin about a third of the 2 — I cases, there was
a further complicating medical indication for the proce-
dure, e.g. maternal cardiac disease, prior twin pregnancy
with severe prematurity, or uterine abnormality, thereby
raising the overall risks [36]. In recent vears, however, the
demographics have changed, and the vast majority of
such cases are medically less complicated, but often come
from women in their 40s, or even their 50s, some who of
whom are using donor eggs. Many of these women, for
both medical and social reasons, only want a singleton
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pregnancy [40-42]. Our data suggest that twins reduced
to a singleton do better than remaining as twins [40, 41].
Consistent with the above, more women desire to reduce
to a singleton. In a series of triplets from the late 1990s,
we found the average age of outpatients reducing to twins
to be 37 years and to asingleton 41 years [27]. While the
reduction in pregnancy loss risk for 3 —1 was in the 1990s
not as much as 3 —2 (15to 7% and 15 to 5%, respective-
ly), the gestational age at delivery for the resulting single-
ton was higher, and the incidence of births <1,500 g was
10 times higher for twins than singletons. More recent
data show the age difference between those reducing to
twins and those to a singleton have disappeared as reduc-
ing to a singleton has become more mainstream [38].
These data have made counseling of such patients far
more complex than previously. Not surprisingly, there
are often differences between members of the couple as
to the desirability of twins or singleton, or even as to the
total number wanted, which sometimes is more than 2 for
one member of the couple [42]. As a result of all of the
above and the changing demographics of who is having
infertility and desiring reductions, we believe that reduc-
tion of twins to a singleton is reasonable and will contin-
ue to increase.

Changing Perspectives

Over the last 25 vears we have witnessed changes in
both outcomes and issues. Outcomes have steadily im-
proved over the past two decades as: (1) a better under-
standing of the clinical situation has emerged, (2) there is
a smaller percentage of very high-order multiples that
have worse outcomes even with reduction, (3) better ul-
trasound allows for better visualization, and use of CVS
reduces the risk of leaving behind sonographically or
chromosomally abnormal fetuses, and (4) a cadre of ex-
tremely experienced physicians does a significant pro-
portion of the cases (table 5) [40-44] (table 4, fig. 3).

There has also been a shift in the nature of the clinical
dialog between patients and physicians over the last 25
years. The most obvious change has been the shift from
questions of mortality to questions of morbidity. This ap-
pears traceable to an age increase among patients going
through fertility treatment and a decrease in presenting
numbers [45, 46]. These differences in turn appear to be
changing due to advances in IVF technology and funda-
mental demographic changes in the age at which mothers
are having their first child [4-6]. A further consequence
of these trends has been the increased use of donor eggs
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Fig. 3. Risk reduction: reduction of pregnancy loss with FR.

and prenatal diagnosis [45, 46]. As we have indicated in a
couple of more specific pieces, these changes are made
visible through the clinical multifetal reduction situation
as it itself has evolved from a clean-up operation for des-
perate situations to a pregnancy management strategy.

Overall, statistics on reductions have improved notice-
ably over these past 25 years [38,45, 46]. In the early 1990s
when half of the cases were quadruplets or more, loss rates
{up to 24 weeks of gestation) were 13%. Early premature
deliveries were an additional 10%. Now, with decreasing
starting numbers, better ultrasound, better understanding
of zygosity, and a limited number of practitioners with
extensive experience accounting for a high percentage of
reductions, theyare overall down to about 4%. Counseling
should be tailored to specific starting and finishing num-
bers (table 5; fig. 3). Wesstill do most FR proceduresin one
session, but have learned that when reducing from higher
orders (5+) to a singleton, it seems best to break it up into
two sessions separated by about a week.

Over the past decade, the pattern of patients seeking
FR has continued to evolve in response to predictable de-
mographic and cultural shifts [4, 5]. There has been a
strong trend of increasing age at which women give birth
to their first child (fig. 4) - a trend that is common
throughout the developed world. The increase is actually
a function of two parallel but independent trends: fewer
lower and middle class teenagers delivering (and having
terminations), and more career women postponing child
bearing for career reasons from their 20s to their 30s and
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40s. The latter is, of course, the group that mostly applies
to our discussion here [5]. As the risks of delayed child-
bearing have become more widely known [16, 46], there
has been a corresponding increase in the demand for do-
nor eggs as a means of moderating the risks for older
women [45].

With the rapid expansion of the availability of donor
eggs, and the increasing sensitivity and specificity of di-
agnostic testing, the number of ‘older women’ seeking FR
has increased dramatically. In our experience, over 10%
of all patients we see seeking FR are now over 40 years of
age, and nearly half of them are using donor eggs [38]. It
would appear that as advances in care have developed of
achieving pregnancies and ways of moderating the risk of
older women who wish to have children, more of them
are electing to do so.

As a consequence of the shift to older patients, many
of whom already had previous relationships and children,
there is an increased desire by these patients to have only
one further child. The number of experienced centers
willing to do 2 —1 reductions s still very limited, but we
believe based upon improvement of outcomes, that it can
be justified in most circumstances. Twins currently con-
stitute about 25% of the patients we see [38].

Fetal Reduction: 25 Years’ Experience

For patients who are ‘older’, particularly those using
their own eggs, the issue of genetic diagnosis has become
progressively more salient. In 2009, about 60% of patients
in the USA having assisted reproductive technology cy-
cles were over 35 years of age. Using the criteria of com-
parable risk to that of a 35-year-old, actually about 90%
of IVF patients are at increased risk [1] (table 6).

For the past decades and currently, most FR practitio-
ners made their decisions as to which fetuses to keep or
reduce by ultrasound evaluation only. In the 1980s we per-
formed most of our procedures between 9 and 10 weeks of
gestation with decisions based principally on basic ultra-
sound and fetal position [1]. For those patients for whom
genetic assessment was appropriate, we initially had them
undergo amniocentesis several weeks later back at their
home center [47]. We eventually changed to doing CVSa
week after reduction to twins and then to doing CVS the
day before with fluorescent in situ hybridization (FISH)
analysis overnight. In the mid-1990s we began to have a
small but increasing percentage of patients reducing to a
singleton; it therefore seemed prudent to know what we
were keeping before committing to it. However, waiting
for a full karyotype was problematic for both the time in-
terval to get results, and the fact that others reported a 1%
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Fig. 5. Transcervical CVS on triplet. Catheter with stylet in place
seen as a white line traversing lower placenta.

Table 6. Genetic risk factors in IVF patients

Factor Risk % of IVF
AMA >0.5% 60
Twins+ age 30x2 =35 34
[CSI 1% 66
PGD 1% error 4

AMA = Advanced maternal age; [CSI =intracytoplasmic sperm
injection.

mistake rate as to which was which under these circum-
stances [48, 49]. As FISH technology became reliable, we
began routinely to do procedures on 2 consecutive days
[44, 45]. Over the last 20 years, the proportion of patients
having CVS before FR has steadily risen from about 20%
in 2000 to now about 85% of our patients [38].

While there have been many papers on the true risks
of prenatal diagnosis with widely diverging statistics [50],
we believe that in multiples, the net effect in the most ex-
perienced hands is zero sum since whatever risks there
are of the diagnostic procedures are counterbalanced by
the reduction of risk of loss by notinadvertently continu-
ing a fetus with a serious problem that is more likely to
have a spontaneous loss than a healthy one [38].

Another distinct cohort of patients are those who con-
sider reduction procedures for a diagnosed abnormality
in one fetus of a multiple pregnancy as opposed to the
risks inherent with multiples [43, 44]. There has been a
consensus in the literature to use FR for cases done - pre-
dominately in the first trimester - for fetal number, and
to use selective termination (ST) for those cases done —
often in the second trimester - for a diagnosed anomaly.
Occasionally, diagnosed abnormalities are found initially
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even in the third trimester, which poses medical, ethical,
and legal issues [51]. We and others have likewise pub-
lished large series over the past decades that have delin-
eated the similarities and differences when there isa con-
firmed abnormality [52, 53]. Much of this literature fo-
cuses on twins — many of which have twin-to-twin
transfusion syndrome in which laser therapy has become
the mainstay of therapy, but selective termination is still
sometimes necessary [54]. A complete discussion of these
issues is beyond the scope of this paper.

Modern Management

We believe that optimally there should be a rigorous
evaluation of fetal status as part of the decision process
prior to reduction, which includes more than just nuchal
translucency ultrasound and position of the fetuses. Typ-
ically, we perform a 2-day procedure on most patients at
about 12 weeks of gestation: CVS on the first day with
FISH analyses overnight for chromosomes 13, 18, 21, X,
and Y [38] (fig. 5). We get the results back the next after-
noon, and can then do the reduction that day. By defini-
tion, FISH for 5 chromosomes cannot detect everything,
but our experience and modeling suggest only about a
1/400 residual risk of a problem on karyotype [38] -
which we believe to be a lower risk than sending the pa-
tient home to return nearly 2 weeks later and risk loss
from the higher-order multiple with potential confusion
as to which embryo /fetus was which on the ultrasound
[48, 49].

Over the past fewyears, about 85% of our patients have
combined CVS and FR procedures. With an increasing
proportion of: (1) ‘older’ patients, (2) data now suggest-
ing increased risks of chromosomal and other anomalies
in patients conceiving by IVF and especially with intracy-
toplasmic sperm injection, and (3) the known 3-6% inac-
curacy rate of preimplantation genetic diagnosis (PGD),
we expect the utilization of CVS prior to reduction will
likely increase even further [38, 44, 45]. We have also
found that many couplesin their 40s or even 50s who are
using donor eggs — whose genetic risk is the age of the egg
donor - nevertheless still want CVS prior to FR because
their ‘tolerance’ for having a special needs child is more
akin to their actual ages, not the egg donor’s age.

Our recent data show that our protocol of CVS fol-
lowed by overnight FISH analysis with FR the second af-
ternoon significantly improves the outcomes in such cas-
es. We recently published that in pregnancies with ultra-
sonographically normal fetuses, 3.1% of women with
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normal-appearing fetuses prior to first-trimester FR had a
fetus with an abnormal karyotype of which FISH detected
90% [38]. Of the remaining 10%, virtually all were con-
fined placental mosaicismsfor other chromosomes or cul-
ture artifacts. Of 350 patients with normal-appearing first-
trimester fetuses, 6% had abnormal CVS on either karyo-
type or FISH. Those abnormal FISH and ultrasound
results guided decisions at the time of the reduction pro-
cedure. Ultimately, 90% of those abnormal FISH results
were confirmed on final karyotype. Of false negatives,
most were for chromosomes for which FISH probes were
not used, and most of them were actually confined placen-
tal mosaicisms. Ultimately, only 1 of the 350 cases (0.3%)
had a clinically relevant false negative (sex chromosome
mosaicism). On balance, we believe that the risk of a false
negativeislower than the risks entailed in waitingbetween
procedures, which increases loss rates because of the high-
er fetal number and the risk of making a mistake as to
which fetusiswhich when returning for the FR procedure.
While it has worked best for us to use FISH for rapid
diagnoses, other methods have been and will become fea-
sible over the next few vears. Inexpensive methods includ-
ed direct preparation CVS which was used commonly in
the 1980s, but largely abandoned because of high rates of
mosaicism and aneuploidies that were not reflective of fe-
tal status [55]. Quantitative fluorescent PCR can also be
used for rapid preparation evaluation of chromosome
number [56]. Microarrays can provide even more detail
than whole chromosomes, but currently are far more ex-
pensive. As they come down in price and turn around
speed increases, molecular subchromosomal techniques
will clearly move into the mainstream of evaluation [57].
With increasing use of PGD as part of the IVF process,
many patients question if traditional CV'S still hasapplica-
tion in reduction decisions [58]. Our experience has been
that over the past 5 years, there has been about a 2-3%
discordancy between PGD results and those we have seen
on CVS - with chromosomal being higher than mende-
lian [38]. With new PGD microarray-like methods being
incorporated, the discordancy rate is likely to decline. We
speculate that ultimately the rate will be about 1%. Like-
wise, the same questions arise with the advent of noninva-
sive prenatal screening (NIPS) techniques [59]. Our per-
spective is that both PGD and NIPS are excellent screen-
ing tests, but they are not diagnostic, and we have observed
a number of instances in which errors have occurred re-
sulting in babies born with conditions for which screening
was performed. Also in multiples, NIPS and PGD cannot
distinguish which fetus is which such that if an anomaly is
detected, diagnostic techniques will still be required.

Fetal Reduction: 25 Years’ Experience

An increasingly common scenario is the combination
of monozygotic twins combined with one or more single-
tons [60]. Changes in IVF culture techniques, including
increasing use of blastocyst transfers, have significantly
increased the incidence of monozygotic twinning. Our
data suggest that dichorionic and triamniotic triplets, for
example, have far higher rates of pregnancy loss, twin-to-
twin transfusion syndrome, and complications of prema-
turity [61].

In the vast majority of cases, the major risk factor in
determining which fetuses to keep or reduceis a chromo-
somal risk. However, the same principles can be applied
to mendelian risks. For example, we evaluated a couple
with triplets who were both cystic fibrosis carriers. Using
appropriate probes, we were able to determine that 2 of
the fetuses were carriers, and 1 was affected, which was
subsequently reduced.

As part of the FISH results, we also obtain gender. His-
torically, we perceived a significant bias among those pa-
tients who were interested and who mostly expressed a
preference for males [42, 43]. These requests dispropor-
tionately came from patients of cultures that classically

ralued bovys over girls. Because of such bias, we refused to
let gender be a factor with the rare exception of genetic
diseases with gender discordancy. Ironically, in X-linked
disorders, it is the males at risk, making females the safer
option. Over the past 15 vears, however, we noticed a shift
torequests coming from all ethnic groups and a perceived
equalization of gender preferences. In the early 2000s, our
ethics consultant, John Fletcher, PhD, pushed us to re-
evaluate, and we began to be willing to consider under the
following approach.

Overall, decisions about which fetuses to keep or re-
ducehave evolved over the vears from a relatively simplis-
tic ultrasound assessment of abnormalities and position
to a detailed evaluation of fetal status.

We prioritize FR decisions by:

(1) Do we find a ‘problem’.

(2) Are we ‘suspicious’ about anything such as some-
what increased nuchal translucency (>2 mm), smaller fe-
tal size (such as >0.5 week, smaller gestational sac size, or
placental concern).

(3) If none of the above apply, then and only then, we
will consider gender preference.

Patients are told that we will have anongender disclos-
ing ‘poker-faced’ discussion with them when we get the
results. They will then choose which of 4 categories con-
cerning gender they prefer. The groups are (1) patients
who want to know ‘everything’, (2) those who want to
know ‘nothing’, (3) those who have no preference but
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Table 7. Fetal gender options and patient choices in FR

Gender  Chose Chose Chose MF  p
option al M al F twins
32 79(51) 1(1) 7(9) 71 (90) <(.001
31 20(25) 10(50) 10 (50) NA NS
251 44(27) 20(45) 24 (55 NA NS

Values represent n (% ). NA = Not applicable; NS = not signifi-
cant.

want to know what they have kept (but not the reduced),
and (4) those who, all things considered, do have a prefer-
ence (but do not want to know the reduced fetus’ or fe-
tuses’ genders) [62].

Recently, we published data that show such requests
now come from patients of all ethnic backgrounds and
cultures [62]. When patients do have a gender preference,
there is an equal preference for females as males. For pa-
tients reducing to twins, the overwhelming preference is
for one of each; for those reducing to a singleton, it is es-
sentially a 50/50 split (table 7) [62].

We have also recently been able to use our technology
to extend services to a group of patients not previously
well served. In the past few years, we have seen several gay
male couples using surrogate carriers with egg donation
when both partners fertilized the eggs. The couples de-
sired FR for the usual clinical reasons, but they requested
if possible to be left with twins — one fathered by each of
them. We chose to consider this request in the same vein
as gender preference, i.e. only if there are no higher clini-
cal priorities. In several cases we have been able to assess
the pregnancies with CVS and ultrasound, document
normal genetic results, perform paternity testing, and dis-
cover that one man fathered two and the other one. In
such cases we then reduced one of the twins fathered by
the same man [63].

Ethical Issues

Prima facie respect for the intrinsic value of human life
isa common moral norm. Prima facie means thata norm
isbindingabsent conflictingobligations. ‘Intrinsic’ means
to value something in and for itself, independent of its
results for or our relations to us or other people. Convic-
tions about intrinsically valuing human life are universal.
However, these convictions often conflict with obliga-
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tions of other moral norms, e.g. to do justice, to benefit
others, to respect and protect autonomous choices, to
prevent or minimize harm or suffering, to use propor-
tionality when risk is inevitable, etc. [64]. Only moral
compromise in policy and practice can ‘split the differ-
ences’ between such diverse interpretations [65].

When such conflicts arise in reproductive choices, our
society does not generally interfere in parents’ consulta-
tions with obstetricians, geneticists, or moral advisors
which, however, has not stopped politicians from passing
laws that seriously infringe upon the doctor-patient rela-
tionships particularly in regard to reproductive choice is-
sues. Certainly, the right to privacy, as originally inter-
preted by Roe vs. Wade [66], is not absolute and has been
scaled back several times in the 40 years since the US Su-
preme Court decision. The court’s opinion expects physi-
cians to counsel patients about their reasons and be re-
sponsible in providing abortions. The value of respect for
human life lies behind this concern. Society also protects
conscientious refusal of clinicians to participate in abor-
tions or reductions, constrained by the duty to refer pa-
tients to competent sources of help.

Compromise is often the right path because all moral
judgments are fallible and their contours change as cir-
cumstances change. However, well-considered predic-
tions of consequences are limited by the inability to know
the future. Moral assessment cannot be purged of politi-
cal and social interests. Advocates for both sides need to
remember that integrity does not disappear in an authen-
tic compromise. We acknowledge moral uncertainty
about unknown effects of twin reduction and reductions
more generally for individuals, families, and society, but
we can see in retrospect how some of the issues have
changed over time.

Improved outcomes, coupled with the ever-increasing
use of assisted reproductive technology, have led to an
evolution in the ethical questionsbeing considered. Near-
ly 30 vears ago, FR seemed warranted only in ‘life and
death’ situations. As has been seen in numerous innova-
tive technologies, once conceptsare proven, the focus can
shift from ‘life and death’to “quality of life’. Such has been
the case here, but because of the context of the abortion
debate, FR will always be controversial. Opinions on FR,
in our experience, have never followed the classic ‘pro-
choice/pro-life’ dichotomy [26, 44, 45].

It is almost impossible to separate ethical debates from
the situation in which they occur - especially the present-
ing number of embryos with which patients enter an FR
clinic. Those presenting with quadruplets and quintu-
plets have declined dramatically. The focus of care con-

Evans/Andriole/Britt

2A32014 11:45:30 A

i 2



tinuesto be on fertilization strategies that offer more con-
trol over the chances of such high multiples.

Triplets are still plentiful. Even with the improved
embryo-transfer control, the economics of IVF favor a
modest risk of multiples, especially among women with
fewer resources (for whom the cost of IVF cyclesisa real
consideration) and those who are over 35 years of age
(where the chances of larger transfer numbers reflect
greater difficulty in getting pregnant). The serious de-
bate is no longer about whether it is appropriate to offer
FR to triplets, but now centers on the question about
whether or not itis appropriate to offer FR routinely for
twins [41].

Our data show that reduction of twins to a singleton
improves the outcome of the remaining fetus [43-45].
Despite the data, because of the sharp ethical divide over
women'’s reproductive rights, no consensus on appropri-
ateness of routine 2 — | reductionis ever likely to emerge.
We expect that overall the number of women with twins
reducing to a singleton will stay small. However, the pro-
portion of patients reducing will steadily increase over the
next several vears, and we believe this option should be
presented to all patients.

With a gradual decrease in starting numbers, the em-
phasis has somewhat shifted to prevention of serious
morbidity, i.e. cerebral palsy from prematurity. Several
studies have suggested that the rate of cerebral palsy for
singletons is approximately 1/700, twins 1/100, and trip-
lets 1/25-30 [11-13]. If one’s definition of success is a
healthy mother and healthy family, for both morbidity
and mortality, the data show conclusively with multiples,
fewer is always better.

Not surprisingly there are often differences between
members of the couple as to the desirability of twins or
singleton [43]. As a result of all of the above and the
changing demographics of who is having infertility and
desiring reductions, we believe that reduction of twins to
a singleton is likely to continue increasing over the next
several years. In our own personal experience the propor-
tion is now 25% and may get to 50% [38]. Many couples
or single mothers would not act on social or economic
reasons to reduce twins to a singleton. However, if it is
right for a pluralistic society to curb a state’s interference
with the choice of abortion or other reproductive options,
how could it be wrong for society to respect and protect
the freedom of couples to choose to have 1 rather than 2
infants? This so-called ‘negative right’, i.e.to noninterfer-
ence, differs from a ‘positive right’ to society’s encourage-
ment and aid in the action [67].

Fetal Reduction: 25 Years’ Experience

Other parental choices also deserve respect and pro-
tection from interference. Some couples with few assets
want twins knowing that one has or both have a genetic
condition requiring lifelong care. Society does not and
should not interfere with this choice or withhold resourc-
es to care for children with disabilities.

We have previously developed the concept of ‘frames’
which are lenses through which patients incorporate and
interpret information [68]. For this group, however, the
escalation of mortality and morbidity risks is so pro-
nounced that even those patients who rely on a ‘concep-
tional frame’ (a frame that defines the beginning of life as
conception rather than viability) will follow a proportion-
ality rule in which they try to balance the escalating risks
and the problematics of reduction by reducing only to 3.
Those having a ‘medical frame’ [one that focuses on max-
imizing the chances of having a successful birth(s)] or a
lifestyle frame (one that emphasizes the balancing of ca-
reer and family interests), the reduction to 2 or | is less
challenging. With advances in technology, utilization is
expanding to groups such as gay and lesbian couples who
previously often could not take advantage of them.

Thus, we view framingas an ongoing process in society
with highly different perceptions of reality being empha-
sized by different couples. All are trying to overcome the
difficulties of having children and live some semblance of
anormal family life. The concept of ‘family’ is notlimited
to heterosexual couples, but ‘normal’ is an attribution
that might notbe forthcoming in some conservative com-
munities. We see evidence of these trends in how couples
share what they have been going through after having
chosen FR as a pregnancy management strategy and in
the increasing frequency with which same-sex couples
who have gone through (or had a surrogate go through)
fertility therapy and end up choosing FR as a pregnancy
management strategy.

We have studied sharing strategies among FR patients
and delineated four sharing strategies that vary in how
selectively they shared information [69]. Strategies for
sharing range in terms of selectivity from a “defended-
relationship’ approach in which only the partner and pa-
tient know about the problems the patient is facing and
the decision to reduce, to a ‘qualified family and friends’
strategy in which information is shared only with those
who appear to be trustworthy in terms of their reactions.
Two lessselective strategies also emerged from our analy-
sis. In the first, both sets of parents are privy to what the
couple is going through, and finally, there is an extended,
open network strategy of family, friends, and colleagues
being in the loop [68, 69].
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No sharing strategy is completely free of the risk of en-
countering hostility. Even so, the odds of encountering
hostility are significantly greater with the more open, less
selective strategies. In our experience, it appears that less
selective, more open strategies are more prevalent in cos-
mopolitan environments, with more guarded strategies
typical of more conservative environments. As our popu-
lation shifts toward cities, one might expect an increasing
proportion of open strategies across time.

Legal Issues

Legal concerns about IVF have been raised for over 30
years, including a paper we wrote in 1981 predicting the
range of problems likely (almost all of which eventually
occurred), e.g.such as the problems with surrogate moth-
ers [70]. In contrast, while there has been extensive litiga-
tion - both civil and criminal - concerning abortion and
restrictions imposed on its use, there has been a paucity
of direct legal cases involving the legality of FR. Most US
jurisdictions have been silent on the subject, although
Michigan, for example, specifically required the same 24-
hour waiting period between counseling and the proce-
dure as it applied to abortions. There have been some
malpractice litigation cases, but these have followed the
expected scenarios such as reduction of the wrong fetus
in situations with anomalies, alleged failures of informed
consent as to procedure risks, and for various poor out-
comes.
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