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Objective: To evaluate the clinical outcomes in carriers of complex chromosomal rearrangements (CCRs).
Design: Case series.
Setting: An institute for reproductive and stem cell engineering.
Patient(s): Seven couples with CCRs.
Intervention(s): Assisted reproduction with preimplantation genetic diagnosis (PGD).
Main Outcome Measure(s): PGD results, embryo rating, pregnancy outcomes.
Result(s): In cases 1, 2, 3, 4, 5, and 6, each woman underwent one cycle of PGD. Case 7 underwent two PGD cycles. We obtained 51
blastocysts from seven couples with CCR, of which 47 were eligible for biopsy; only 3 (5.9%) were normal/balanced, and 2 (3.9%) con-
ceptions resulted. One healthy baby girl was born (the other was not yet born at the time of publication). Karyotyping revealed that the
healthy baby girl was 46,XX. Although the patient with both a balanced translocation and a CCR (case 7) had 12 embryos available for
biopsy, all were chromosomally unbalanced. It is interesting that 22 (57.9%) of the total 38 blastocysts were of high quality for type A
CCRs, and 2 (15.4%) of the total 13 blastocysts were of high quality for type B CCR at day 6 after fertilization.
Conclusion(s): The chances of identifying normal/balanced blastocysts in patients with CCR are<6%; the chances of a pregnancy are
<4%. Greater complexity CCRs result in fewer transplantable embryos. Moreover, CCRs of greater complexity have a lower rate of high
quality blastocysts than CCRs of less complexity. (Fertil Steril� 2017;-:-–-. �2017 by American Society for Reproductive
Medicine.)
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Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/users/16110-fertility-
and-sterility/posts/22606-24746
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C omplex chromosomal rearrangements (CCRs) are
balanced or unbalanced structural aberrations
involving at least three chromosomal breakpoints

and chromosome segment exchanges between two or more
chromosomes (1–6). They are extremely rare in the entire
population (7), with a �0.5% occurrence in newborns (8).
They are classified into categories according to different
criteria such as origin, the number of chromosomes, and the
number of breakpoints involved (4). There were
approximately 250 cases of CCR by the year 2011 (9).

For our study, we divided CCR into two types (A and B)
according to the chromosomal structure of the recombina-
tion (10): type A, three-way rearrangements in which
each of three chromosomes have one breakpoint and ex-
change the distal segment; and type B, double two-way
translocations, in which two groups of balanced transloca-
tions are involved in the chromosomes of the same carrier
(3, 10–13). However, the precise mechanism of CCR is
unclear.

Carriers of CCRs have a high risk of phenotypic anom-
alies or reproductive failure such as chromosomally
abnormal fetuses, infertility, or repeated miscarriages
because of cryptic imbalances of the genome, gene disrup-
tion at the breakpoints, or position effect (14, 15). In terms
of meiosis, a CCR can produce a large number of gametes
with unbalanced chromosomes (16, 17). The majority of
the balanced CCRs are carried by females (7). Most female
carriers of CCRs demonstrate recurrent miscarriage or
babies with an abnormal phenotype (18); male carriers of
CCRs are generally infertile due to disturbances in
spermatogenesis (19, 20). The application of
preimplantation genetic diagnosis (PGD) for CCR carriers
can potentially reduce the risk of spontaneous abortions
and produce chromosomally balanced fetuses by
eliminating the embryos with unbalanced chromosomes
(21).

Presently, with the application of molecular biological
methods such as fluorescence in situ hybridization (FISH)
and array comparative genomic hybridization (array-CGH),
the detection rate of CCR has increased. Madan et al. (22)
analyzed CCR in 103 adults referred for reproductive prob-
lems. Scriven et al. (12) conducted an analysis of the outcome
of meiotic segregation of three-way translocations in
cleavage-stage embryos and determined the accuracy and
limitations of PGD using FISH. However, few reports provide
a systemic evaluation of PGD results and embryo quality in
the two types of CCRs included in this study, so our report
on a series of cases should help fill the gap in this important
area.

This case series focuses on the PGD comprehensive chro-
mosome screening results and the embryo quality of two
different types of CCRs. We collected information from seven
couples with one partner a CCR carrier, and we analyzed the
quality of their embryos as well as the next generation
sequencing (NGS)–based PGD results. Our analysis provides
useful information for reproductive and genetic counseling
of two different types of CCR carriers, especially for double
two-way CCR carriers.

MATERIALS AND METHODS
Patients

Our case series included seven couples who underwent assis-
ted reproduction with PGD at the Reproductive and Genetic
Hospital of CITIC-Xiangya between January 1, 2012, and
January 31, 2017. One partner in each couple was a CCR car-
rier; the study included five female carriers and two male car-
riers. The seven couples signed informed consent forms after
undergoing adequate counseling. This case series was
approved by the institutional review board, and our study
was conducted in accordance with the ethical principles of
the Helsinki Declaration.

For convenience, we numbered the seven couples as cases
1 to 7. Thematernal age in all seven cases was<35 years. Four
of the seven women (cases 1, 2, 3 and 6) had a history of
abnormal pregnancy and fertility, including spontaneous
abortions, induced abortions, and conceiving a child with
an abnormal karyotype. The woman in case 4 had urinary
calculi. The women in cases 5 and 7 had undergone a diag-
nostic laparoscopy before presenting to our hospital for
reproductive help. The men in cases 1, 4, and 8 had liver
disease.

Cytogenetic Analysis

Cytogenetic analysis was performed on cultured peripheral
blood lymphocytes from the seven couples and on the
1-year-old daughter of the couple in case 3 using the standard
G-banding technique. In each case, 20 metaphase GTG lym-
phocytes were examined with complete analysis of 7 to 8 kar-
yotypes. The karyotypes in this report were described
according to ISCN 2013.

Fluorescence In Situ Hybridization

The FISH analyses were performed for the female partner in
case 3 and her 1-year-old daughter to confirm their G-band-
ing karyotypes. The procedure was performed on metaphase
spreads in accordance with the manufacturer's instructions.
We used six commercial probes (Abbott Molecular) including
CEP2, CEP4, CEP12, Tel 2p, Tel 4q, and Tel 12p (CEP 2 Spec-
trum Orange, CEP 4 Spectrum Aqua, CEP 12 Spectrum Green,
TelVysion 2p Spectrum Green, TelVysion 4q Spectrum Or-
ange, and TelVysion 12p Spectrum Green). We performed
FISH in two steps: first, we used 2p, 4q, and CEP4 probes fol-
lowed by the 12p, 4q, CEP2, CEP4, and CEP12 probes.

NGS-based PGD Procedure

The seven female patients, one from each case, were treated
with different protocols for ovulation stimulation according
to their individual situations using human chorionic gonado-
tropin, gonadotropin-releasing hormone, and recombinant
follicle-stimulating hormone. Oocyte retrieval was performed
by a skilled doctor, and the collected oocytes were fertilized by
intracytoplasmic sperm injection.

Fertilized oocytes were carefully cultured using G-1 me-
dium (Vitrolife) at 37�C in a CO2 incubator. On the third day
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