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KEY WORDS Objective: Preimplantation genetic diagnosis is an established technique that provides an alterna-
Preimplantation genetic tive to prenatal diagnosis for patients who are at risk of transmitting a serious genetic disorder to

diagnosis their offspring. Preimplantation genetic diagnosis has been used for couples who have been at risk
Balanced translocation for having offspring with single gene or X-linked disorders and for screening for common age-
Fluorescent in situ related aneuploidy and in couples who themselves carry balanced chromosomal rearrangements.

hybridization The aim of this study was to summarize our experience using preimplantation genetic diagnosis
Aneuploidy after the identification of a parental balanced translocation, specifically as it relates to the number

of embryos that are suitable for transfer after preimplantation genetic diagnosis for a known
translocation and aneuploidy screening.

Study design: This is a retrospective review of data from a single center that involved 6 couples
that initiated the process of preimplantation genetic diagnosis for translocation and aneuploidy
screening by fluorescent in situ hybridization.

Results: A total of 65 embryos were obtained, of which 56 embryos (86%) were suitable for fluo-
rescent in situ hybridization analysis. After fluorescent in situ hybridization, 1 embryo was diag-
nosed as normal or balanced (1.7%). Forty-three embryos (76.8%) were unbalanced for the
translocation; 8 embryos (14.3%) were aneuploid, and 4 embryos (7.1%) were uninformative.
There were no clinical pregnancies.

Conclusion: In our experience, there are very few embryos that are available for transfer from
these patients after translocation and aneuploidy screening because of multiple unbalanced seg-
regation products and a high rate of aneuploidy. Factors that contributed to this may be related
to which parent carries the translocation, methods that were used for in vitro fertilization, and
advanced maternal age. Although preimplantation genetic diagnosis for translocation carriers
theoretically can enhance the pregnancy rate for a couple, there are limitations. This information
should be shared with couples who are contemplating preimplantation genetic diagnosis for
translocation, and the options of sperm or egg donor should be considered.
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Reciprocal translocations are a 2-way exchange of
material between 2 nonhomologous chromosomes, with
no net gain or loss of genetic material, merely a rear-
rangement. Therefore, individuals with reciprocal trans-
location are phenotypically normal unless the break
points interrupt or modify the function of a gene or
genes. In most cases, these individuals are identified
after reproductive problems that involve infertility,
multiple spontaneous abortions, or the delivery of
a child with multiple congenital anomalies in whom
an unbalanced karyotype is observed. The incidence
of balanced translocations in the general population is
0.2% but increases to 9.2% in fertile couples with>3
first-trimester abortions because of the abnormal segre-
gation of chromosomes during meiosis that resulted in
abnormal gametes or an unbalanced karyotype in the
embryos.!

Preimplantation genetic diagnosis (PGD) has been
used for the identification of chromosome abnormalities
in couples who are at risk for either aneuploidy that is
based on maternal age or an unbalanced parental karyo-
type chromosome rearrangement (such as translocations
and inversions). PGD for chromosomal abnormalities
or rearrangements provides an alternative to prenatal
diagnosis and termination of affected fetuses and theo-
retic enhancement of implantation and pregnancy rates
for these couples.’

Although fluorescent in situ hybridization (FISH)
probes can be designed to identify normal or balanced
embryos from polar bodies or blastomeres of cleaving
embryos, there are significant limitations to this tech-
nique. The process requires controlled ovarian stimula-
tion and in vitro fertilization (IVF) and may result in
too few oocytes recruited, particularly in women with
advanced maternal age, which limits the number of em-
bryos to analyze. In the analysis of translocations,
unique FISH probes that flank the breakpoints of each
translocation or that require the use of subtelomeric
probes (specific to the chromosome ends of the translo-
cated segments) for each affected individual must be de-
signed and validated to detect normal and balanced
products in embryonic tissue.® For reciprocal transloca-
tions, the prevalence of unbalanced gametes is esti-
mated to range between 50% and 70%, thus
potentially vastly reducing the number of embryos that
are available for transfer and implantation.”® Further-
more, an embryo with balanced or normal transloca-
tion signal may still harbor abnormalities in unrelated
chromosomes.

In the past, only invasive prenatal diagnosis by cho-
rionic villous sampling or amniocentesis was used to de-
tect translocations. PGD, an alternative option, can now
identify normal and/or balanced embryos before trans-
fer*; we reviewed our experience with PGD in a sub-
group of patients in which one or the other partner
was a carrier of a balanced translocation.

Material and methods

This is a retrospective review of couples with an identi-
fied balanced translocation who had undergone IVF at
Oregon Health & Science University Fertility Consul-
tants from March 2001 through March 2003, specifically
for the purpose of using PGD to identify chromoso-
mally normal/balanced embryos for transfer. The indi-
cation for PGD was a history of recurrent pregnancy
loss, the identification of a parental translocation, or
a genetic history of translocation in their family. All
couples completed the informed consent process as ap-
proved by the Institutional Review Board. The clinical
characteristics of the 6-translocation carrier couples that
were studied are summarized in Table 1.

IVF, embryo culture and blastomere biopsy

After the construction and validation of the probes, pa-
tients were enrolled in the IVF program. The methods of
ovarian stimulation, sperm processing, and techniques
for fertilization and embryo culture have been described
previously.” Briefly, the ovarian stimulation protocol in-
cluded the use of a long-acting gonadotropin-releasing
hormone agonist (0.5 mg twice daily, Lupron; Tap Phar-
maceuticals, Inc, Deerfield, Ill) that was administered
after a minimum of 2 weeks of oral contraceptive
treatment. After biochemical evidence of pituitary sup-
pression, (serum estradiol level, <40 pg/mL), follicle-
stimulating hormone or follicle-stimulating hormone/
human menopausal gonadotropin (Serono Inc, Rock-
land, Mass) was given twice daily (3-6 ampules per
day). Follicular response was monitored with serial pel-
vic ultrasound examination and serum estradiol meas-
urements. When at least 2 follicles were 17 mm, 10,000
IU of human chorionic gonadotropin (Serono, Rock-
land, Mass) was given intramuscularly; transvaginal
ultrasound-directed oocyte retrieval was scheduled 36
hours later. After egg retrieval, conventional insemina-
tion or intracytoplasmic sperm injection (ICSI) was per-
formed on the basis of semen criteria. All patients who
underwent ICSI had subnormal semen parameters
(count, <20 X 10° sperm/mL; motility, <50%; total
motile morphologic condition, <50% or a subnormal
sperm penetration assay). Fertilization was assessed 15
to 18 hours after the insemination.

Embryo biopsy was performed on 6- to 10-cell stage
embryos, 3 days after insemination, in Ca®*/Mg*™ -free
medium under oil (SAGE BioPharma) with the use of
a double-needle approach. Briefly, partial zona drilling
was performed mechanically to create an opening in
the zona pellucida with a partial zona drilling needle.
Blastomere removal was then facilitated by gentle aspi-
ration through a biopsy micropipette. One or 2 blasto-
meres were removed from each embryo. After the
biopsy procedure, the embryos were kept in culture in
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Table I  Patient characteristics

Patient Carrier Maternal age (y) Gravity/parity Previous IVF Translocation Sperm

Case 1 Male 32 2/0 Yes 46,XY,t(1;8)(p22;q13) Normal

Case 2 Male 33 5/2 Yes 46,XY,t(7:9)(q34;q34.3) Normal

Case 3 Male 29 2/0 No 46,XY,t(4;16)(q13;912.1) Abnormal

Case 4 Male 25 2/0 No 46,XY,t(4;13)(q24;933) Abnormal

Case 5 Female 40 1/0 Yes 46,XX,t(3;13)(q25;931.2) Normal

Case 6 Female 37 0/0 No 46,XX,t(15;17)(q24;p12) Normal
Blastocyst medlum (SAGE BioPharma) until the results Table I Clinical results
of the genetic analysis. -

Patient
FISH and PGD 1 2 3 4 5 6
. . IVF/ICSI IVF IVF IVF ICSI ICSI ICSI IVF

Before the initiation of the IVF cycle, commercially
available probes were chosen that were appropriate for EmEr;l/os (':j)* 7 12 11 12 > 12 6
each translocation that would elucidate balanced and o atance () s 99 4 10 >

Aneuploid* (n) 3 3 1 1 = = =
at least fourteen unbalanced products of each transloca- ) .

. FISH was carried . di h anuf: Uninformative (n) 1 1 0 1 0 1 0
'[101’1.7 was camf: out according to the mapu ac- No nucleus () 2 3 0 1 1 1 1
turer s recommendations, and prob.es. were Vahdat.ed Transferred (n) o o0 1 o0 0 0 0
according to laboratory protocol. This included hybrid- Pregnancy No No No No No No No

ization to translocation carrier metaphase and inter-
phase blood cells and to donated blastomeres.

Blastomeres were first screened with the use of the
translocation probe set. After overnight hybridization,
each slide was coverslipped for viewing, scoring, and
capturing on a microscope (Nikon Instruments Inc,
Melville, NY) with appropriate filters linked to a Cytovi-
sion imaging system (Applied Imaging, Santa Clara,
Calif). Signal patterns were scored as balanced, unbal-
anced, or uninformative (a nonspecific scattered signal
appearance on interphase FISH analysis that is uninter-
ruptible).

Slides from balanced blastomeres were destained by
immersion in 72°C distilled water for 2 minutes, dehy-
drated in alcohols, and air dried. They were then
hybridized with the aneuploidy probes (Vysis-Abbott
Laboratories, Abbott Park, Ill) for chromosomes 13,
18, 21, X and Y, according to manufacturer’s recom-
mendations and analyzed as mentioned earlier.

Results

Four cycles of IVF and 3 cycles of IVF/ICSI were com-
pleted on 6 couples. The results of PGD are shown in
Table 11.

The first couple completed 2 cycles in our program.
Seven embryos were available for PGD in the first cycle.
Three embryos were aneuploid, and the euploid blasto-
cyst embryo was unbalanced. One was “uninformative.”
The remaining embryos were not suitable for FISH, and
there were no embryos that were available for transfer.
In a second cycle, 12 embryos were analyzed in a total

* Blastomeres were tested sequentially; if abnormal for the first
result, the second test was not performed.

of 16 blastomere biopsies. Eight of the embryos were ab-
normal with respect to ploidy or unbalanced. There was
1 uninformative embryo, and 3 of the blastomere biopsy
specimens were not suitable for FISH because a nucleus
was not identified. Again, there were no embryos that
were suitable for transfer.

There were 11 embryos for PGD from patient 2. Nine
embryos were unbalanced; 1 embryo was triploid, and
the 1 normal embryo was transferred but did not result
in a pregnancy.

Twelve embryos were available for PGD from patient
3. Nine embryos were unbalanced. One embryo was bal-
anced, but uninformative for aneuploidy, and then ar-
rested before transfer. One embryo was triploid, and
the last embryo was not suitable for FISH. No embryos
were available for transfer.

Five embryos were available for PGD from patient 4.
Four embryos were unbalanced, and 1 embryo had no
nucleus. No embryos were available for transfer.

Patient 5 had 12 embryos for PGD. Ten embryos
were unbalanced; 1 embryo was uninformative, and 1
embryo had no nucleus. No embryos were available
for transfer.

There were 6 embryos available for PGD from pa-
tient 6. Five of the embryos were unbalanced, and the
remaining blastomere was not suitable for FISH. There
were no embryos that were available for transfer.

A total of 65 embryos were generated from 7 cycles.
Nine embryos were unsuitable for FISH analysis
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(13.8%) because of the absence of a nucleus in the biop-
sied cell after fixation or chromatin degradation in the
nucleus. The remaining 56 embryos (86%) were tested.
After FISH, 1 blastomere was identified as normal or
balanced. Forty-three embryos (76.8%) were unbal-
anced; 8 embryos (14.3%) were aneuploid, and 4 em-
bryos (7.1%) were uninformative. The normal embryo
was transferred but did not result in a clinical preg-
nancy.

Comment

Experience regarding the role of PGD in translocation
carriers has been reported previously.'**® Our paper
is unique in that all of our patients have balanced trans-
locations and not Robertsonian translocations. In keep-
ing with the results of previous studies, patients with
balanced translocations produce fewer normal gametes
and pregnancies than patients with Robertsonian trans-
locations. Fridstrom et al’ reported their experience
with PGD in 7 couples with Robertsonian transloca-
tions and 8 couples with reciprocal translocations. The
total number of transferable embryos in the Robertso-
nian group was 23 of 84 embryos (27%) versus 11 of
96 embryos (11%) in the reciprocal group. Patients with
reciprocal translocations completed 17 cycles of IVF; in
9 cycles, no embryos were available for transfer. Only 1
live birth (0.06% live birth rate/cycle initiated) and 1
spontaneous abortion were reported. In contrast with
our study, aneuploidy screening was not performed. In
our experience, approximately 15% of the embryos were
excluded from transfer after aneuploidy screening. The
prevalence rate of aneuploidy is artificially low because
embryos that were found to be unbalanced were not
tested subsequently for aneuploidy as well. This again
is in keeping with results from other centers and our
own data.'®

Other factors that were possibly related to the poor
outcome in our small series include the preponderance
of males who carried the translocation, the mode of fer-
tilization, and the recognized impact of advancing age
and aneuploidy risk. There is a theoretic disadvantage
of the use of ICSI in male translocation carriers. Male
translocation carriers may have >70% unbalanced sper-
matozoa, thus there is a statistical likelihood for the se-
lection of a single abnormal sperm for fertilization."
Abnormal sperm count or morphologic condition in
male translocation carriers may be a direct consequence
of this and may affect the success rate.'>!3

Although the experience in this study and others is
poor, additional data are necessary to determine the ef-
ficacy of PGD in reciprocal translocation carriers. To
improve accuracy of diagnosis in both maternal and pa-
ternal translocations, Verlinsky et al'* have used nuclear
transfer, reporting 94 cycles that resulted in 66 embryo
transfers and the delivery of 15 healthy babies. How-

ever, it is uncertain whether federal regulatory agencies
will allow the application of this technology in the future
because this technique requires fusion of human blasto-
meres to mouse zygotes.

Couples who embark on this process often are moti-
vated highly because of previous losses or infertility, but
they must be counseled carefully regarding the difficul-
ties that are inherent in these techniques. The implanta-
tion rate of unaffected embryos after PGD should be
similar to that of IVF. The limited numbers of nor-
mal/balanced embryos reduce the chances of success.
This information and the many pitfalls in the process
should be shared with couples who contemplate these
procedures and in the context of other options that in-
clude natural reproduction, freezing early-stage embryos
after several cycles to increase the number of embryos
that are available for screening, the use of egg or sperm
donors, and consideration of adoption.
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Editor’s note: This manuscript was revised after these
discussions were presented.

Discussion

DR LORNA MARSHALL, Seattle, Wash. Dr Sampson et al
reported their experience with IVF and PGD for both
maternal and paternal carriers of a balanced reciprocal
translocation. Importantly, carriers of robertsonian
translocations are not included in this report and may
be expected to have different outcomes. This is a small
series, in which 4 couples have a paternal balanced recip-
rocal translocation, and the other 2 couples have a ma-
ternal balanced reciprocal translocation. Only 1 patient
had >2 unsuccessful pregnancies, and 1 patient had
never conceived. These are not typical profiles of pa-
tients with recurrent pregnancy losses, which suggests
that other circumstances are involved in ascertaining
the diagnosis. The female partners of the male transloca-
tion carriers were all <35 years old, whereas the female
translocation carriers were 37 and 40 years old. Because
most reciprocal translocations arise de novo, each car-
rier had different chromosomes that were involved in
the translocation.

The patients underwent a complex process, with
ovarian hyperstimulation, ovum retrieval, and IVF be-
ing only the first step. In this study, 1 or 2 blastomeres
from a 3-day old embryo were removed with microma-
nipulation techniques. In some other centers, polar body
biopsies have been used to exclude maternal transloca-
tions. A polar body biopsy may have the advantage of
being less traumatic to the embryo, but because chromo-
somes are only maternal in origin, it cannot be used to
exclude aneuploidy of the embryo. After blastomere bi-
opsy, the embryo is cultured to a blastocyst that is
awaiting the results. Commercially available probes that
are appropriate for each translocation are selected to
perform the FISH. These techniques require highly
trained laboratory personnel who are available 7 days
per week.

The results of IVF and PGD in this series were poor.
From the 7 IVF cycles in 6 couples, only 1 normal em-
bryo was transferred back into a uterus, and no preg-
nancy resulted. This is discouraging, especially for
a procedure that often costs $5000 in addition to the
typical cost of an IVF cycle. Pregnancy rates reflect
the number of normal embryos that are available for
transfer; therefore, if enough chromosomally normal
embryos are available for transfer, then these patients
should conceive at rates that are the same or higher than

other women their age who undergo IVF. But almost
80% of the embryos that were biopsied were unbal-
anced, and most of the others were aneuploid, anuclear,
or uninformative, which suggests that there may be lim-
ited opportunities to find normal or balanced embryos.

Is the small sample size in this study representative of
all patients with this diagnosis, or might results improve
with a larger, more diverse sample? Both female translo-
cation carriers were >35 years old. Does the age of the
female partner have a significant impact on the chance
of obtaining normal embryos? Because the risk of unbal-
anced fetuses with spontaneous conception in these pa-
tients is only 10%, does it make more sense to allow
some natural selection to occur and then do prenatal di-
agnosis? Other reports suggest at least some success with
this procedure. In the first report of successful pregnan-
cies after PGD in 1998 for maternal robertsonian or re-
ciprocal translocations, 1 of the 3 patients was 37 years
old with a balanced reciprocal translocation. Two of 6
embryos had a balanced translocation in the polar body,
were transferred, and resulted in a pregnancy and spon-
taneous abortion.! Since then the group at Saint Barna-
bas Medical Center has reported 5 of 24 pregnancies
(21%) in cases of maternal and paternal reciprocal
translocation carriers, contrasted with 11 of 22 pregnan-
cies (50%) with robertsonian translocations.” The same
group recently reported 4 ongoing or delivered pregnan-
cies of 11 cases of paternal balanced reciprocal translo-
cations.® Several other studies have reported successful
pregnancies, although most of the studies have included
both balanced reciprocal and robertsonian transloca-
tions. Hopefully, the publication of this series will en-
courage all centers to publish their results and,
specifically, to separate patients with balanced recipro-
cal from robertsonian translocations.

I congratulate Dr Sampson et al for publishing these
results. Studies that do not support the use of new tech-
nologies are at least as important as those studies that
report their successes. On the basis of your series and
the experience of others, can you recommend to clini-
cians which patients, if any, with a balanced reciprocal
translocation should consider IVF and PGD?

Given your poor results with male balanced recipro-
cal translocation carriers, do you think there is a role
for the use of FISH analysis of the sperm before the pa-
tients who are considering IVF and PGD are counseled?

Do you foresee any advances in technology or tech-
niques that might improve the chance of conceiving a
normal child after IVF and PGD when 1 partner carries
a balanced reciprocal translocation?
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