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Background

Balanced chromosome translocations are identified in approximately
4% of couples with recurrent pregnancy loss compared to 0.2% in the
general population. Balanced translocation carriers are typically
healthy as little or no chromosomal material is lost or gained;
however, they are at increased risk of creating unbalanced embryos
that can result either in miscarriage or in the birth of a child with
health problems and/or birth defects. Around 60% of balanced
translocations are reciprocal, in which material from two different
chromosomes swaps places, versus Robertsonian, in which the long
arms of two acrocentric chromosomes join together. Preimplantation
genetic screening (PGS) can be performed for many different types of
known parental translocations, with detection dependent on the
specific chromosome breakpoints and the testing technology used.
Most translocation carriers are unaware of their translocation until
karyotype analyses are performed, typically as part of an infertility
workup or after an unbalanced rearrangement is detected in a
pregnancy, products of conception, or child. Many IVF centers only
recommend karyotype analysis after two or more miscarriages or in
cases of an abnormal semen analysis. Therefore, patients who
unknowingly carry a balanced translocation are undergoing IVF and
some choose to pursue PGS to help increase their chances of a
successful pregnancy. Astute analysis of their PGS results may lead to
detection of the parental translocation.

Objective

To report clinical case examples of previously unknown balanced
reciprocal translocation carriers identified through routine PGS
analysis using a Next Generation Sequencing (NGS) assay.

Materials & Methods

EmbryVu is a targeted NGS-based PGS assay that uses a modified
FAST-SeqS technology, which targets tens of thousands of sites across
the genome. EmbryVu has been validated for accurate detection of
whole chromosome aneuploidy and segmental aneuploidy of 10 Mb
or greater. Trophectoderm biopsies were submitted for routine PGS
analysis from IVF centers across the country. Samples were analyzed
using the EmbryVu assay and associated bioinformatics pipeline. We
report our data on 14 cases where a parental balanced reciprocal
translocation was suspected based on EmbryVu results. The referring
clinics were contacted, parental karyotype analysis was
recommended and follow-up information was obtained.

Figure 1. Segmental vs. Whole Chromosome
Aneuploidy Rates by Maternal Age

Results

This dataset includes >10,100 cases from ~8,400 unique patients comprised of >47,000 embryos. The overall
aneuploidy rate was 46% (with an average egg age of 36), and 8% of embryos had at least one segmental aneuploidy,
the majority of which are presumed to be de novo (Figure 1). Most patients undergoing PGS have a clinical indication
of routine aneuploidy screening or advanced maternal age and of these 8,400 patients, only 38 identified themselves
as known balanced translocation carriers.
Here we report 14 cases in which, based on PGS results, we suspected a previously unidentified parental reciprocal
balanced translocation and recommended karyotype analysis (Table 1). To our knowledge, karyotyping was pursued in
12 of the reproductive couples, declined in one couple, and still pending in another. The presence of a parental
balanced translocation was confirmed in 11 of the 12 couples, and 6 were female in origin (Figure 2). The 12th case
(Patient #6) involved an egg donor; the male partner was tested and found to have a normal karyotype. The couple
opted to switch donors for their next cycle and, to our knowledge, the egg donor was never tested. EmbryVu results
from select patients are shown in Figures 3 and 4.
Figure 5 illustrates the result breakdown of the 238 embryos analyzed from all known balanced reciprocal translocation
carriers. Approximately 24% of tested embryos were normal, 62% were unbalanced, and 14% had an unrelated
chromosome abnormality. Of these cases, 76% had at least one embryo for transfer.
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Conclusions

We were able to identify previously unknown translocation carriers in IVF couples undergoing routine aneuploidy
screening for various clinical indications and with embryo cohorts ranging from 2-12. Of note, not all couples had
experienced a miscarriage and one couple was undergoing PGS for the purpose of family balancing. Additionally, it is
assumed that at least one couple used an egg donor that carried an unknown translocation, indicating that gamete
donor programs may want to consider karyotyping their donors prior to donation.
If these couples had been offered and pursued karyotype analysis as part of their IVF work-up, they would have been
identified prior to moving forward with PGS. Additionally, half of these couples had pre-test genetic counseling with
experienced infertility counselors, during which parental karyotypes were discussed; even with counseling, these
couples, including the couples with unexplained infertility, repeat failed implantation, and/or two or more miscarriages,
did not purse karyotyping prior to PGS possibly due to many factors including timing and cost.
PGS cannot detect unbalanced rearrangements derived from all reciprocal translocation carriers and the ability of PGS
laboratories to detect segmental aneuploidies varies. Even though we were able to identify these previously unknown
translocation carriers, it is likely that other unknown translocation carriers have gone undetected due to various reasons
including the number of embryos submitted for testing, assay resolution, and by chance that their specific results did
not raise suspicion of a parental translocation.
Patients benefit from karyotyping, not just for diagnostic purposes. Prior knowledge of a translocation changes the
pre-test PGS genetic counseling session as compared to routine aneuploidy screening counseling. In addition to
routine PGS counseling, these sessions should also include information specific to translocation carrier risks. For
example, the percentage of embryos likely to be abnormal is different (and often higher) for translocation carriers
versus the age-related risk alone. Additionally, patients need to understand that PGS may not differentiate between
normal embryos and embryos that carry a balanced translocation. The genetic counselor should also discuss the ability
of the PGS lab to detect all possible rearrangements to understand the risk / likelihood of a false-negative result.
With the advances of PGS technology now allowing for detection of segmental aneuploidy, more balanced reciprocal
translocation carriers will be picked up through routine PGS testing providing couples with an answer to their
“unexplained” infertility; however, it is important that all clinicians understand that PGS is not a replacement for
parental karyotyping.
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Table 1. Summary of Patients with Previously Unknown Balanced Translocations
Patient

Clinical
Indication

Pregnancy
History

# of
Embryos

#1

Aneuploidy
Screening; 1
Failed IVF cycle

G1P1

6

1 normal
5 abnormal; 4 involving chr 5 & 11

7

2 normal
5 abnormal; all involving chr 11 and/or
22

#2

Maternal Age

Figure 2. Gender Breakdown of the Newly
Identified Reciprocal Translocation Carriers

G5P1

#3

Repeat Failed
Implantation

G0P0

12

4 normal
8 abnormal; all involving chr 6 & 14

#4

Unexplained
Infertility

G0P0

8

46,XY,t(5;11)(q22;p15.3)

Yes

46,XY,t(11,22)(q23.3;q11.21)

Yes

1 normal
7 abnormal; 6 involving chr 6 & 12

46,XX,t(6;12)(q16;p11.2)

No

46,XX,t(1;2)(q32.1;q31)

No

Husband: 46,XY
Egg donor: unknown

No

46,XX,ins(5;11)(q15q14.1q22.3),
t(10;12)(q22.3;q10)

Yes

Egg donor: unknown
Husband: declined

No

46,XX,t(7;20)(q21.2;q11.2)

No

Family Balancing

Unknown

2

#6

Repeat Failed
Implantation

Egg donor
cycle

2

0 normal
2 abnormal; both dup(4)(p16p16)

#7

Repeat Failed
Implantation

G1P0

5

1 normal
4 abnormal; 3 involving chr 10 &12; 1
involving chr 11

#8

Aneuploidy
Screening

Egg donor
cycle

9

4 normal
5 abnormal; 2 involving chr 12 & 17

#9

Aneuploidy
Screening

G1P?

3

2 abnormal; both involving chr 7 & 20

#10

Advanced
Maternal Age;
Recurrent
Pregnancy Loss
(2x)

G2P0

#11

Advanced
Maternal Age

G0P0

#12

Aneuploidy
Screening

#13

Aneuploidy
Screening

#14

Repeat Failed
Implantation;
Recurrent
Pregnancy Loss
(2x)

1 normal
5 abnormal; 4 involving chr 6 & 20

Unbalanced
Embryo

46,XX,dup(8)(p21p23),del(16)(q12-13)

No

#5

6

Parental Karyotype

46,XX,t(6;14)(q16.1;q22.3)

1 normal
1 abnormal involving chr 1 & 2

Male
Female

Recurrent
Pregnancy Loss
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Pre-PGS
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Unbalanced
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Figure 5. EmbryVu Results Breakdown for All
Balanced Reciprocal Translocation Carriers
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