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Pregnancy outcomes of reciprocal translocation carriers with two
or more unfavorable pregnancy histories: before and
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Abstract
Purpose To report the normal live birth and birth defect rates pre- and post- preimplantation genetic testing for chromosomal
structural rearrangements (PGT-SR) in reciprocal translocation carriers who have experienced two or more unfavorable preg-
nancy histories.
Methods We conducted a retrospective cohort study of 194 couples who underwent 265 PGT-SR cycles between January 2013
and August 2016. The rates of miscarriage, normal live birth, and birth defect pre- and post- PGT-SR treatment were recorded.
The types of birth defect were also categorized.
Results Before PGT-SR treatment, the 194 couples with reciprocal translocation had a previous reproductive history
consisting of 592 pregnancies in total: 496 (83.8%) were miscarriages; 29 (4.9%) ended by induced abortion due to
unintended pregnancy; 36 (6.1%) had birth defects; and 17 (2.9%) were normal live births. After PGT-SR treatment,
there were 118 clinical pregnancies. Of these pregnancies, 13 (11.0%) were miscarriages, 101 (85.6%) were normal live
births, and 4 (3.4%) had birth defects. In total, 14 different disorders were noted in the prenatal and postnatal exami-
nations. Before the PGT-SR treatment, multiple birth defects, central nervous system abnormalities, and congenital heart
defects were the three most common congenital malformations. Excluding for methylmalonic acidemia, there were only
single and mild birth defects after the PGT-SR treatment.
Conclusions After the PGT-SR treatment, the reciprocal translocation carriers who had previously experienced two or more
unfavorable pregnancy outcomes had a low risk of miscarriages and birth defects. The rate of normal live births per pregnancy
was higher after PGT-SR treatment.
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Introduction

For couples with reciprocal translocation, the outcomes of
pregnancies without interventions have a high risk of recurrent
miscarriage (RM) and malformed offspring with an unbal-
anced genome [1–3]. Since it was first applied in 1989 [4],
the evolving method of preimplantation genetic testing (PGT)
has been available to precisely detect chromosome abnormal-
ities, and it has become a predominant treatment for embryo
karyotype diagnosis. After PGT for chromosomal structural
rearrangement (PGT-SR) treatment, pregnancy outcomes of
reciprocal carriers with recurrent miscarriage have been re-
ported to improve, with a decrease in miscarriage rates and
an increase in the ongoing pregnancy rates [5, 6]. How PGT-
SR treatment affects the rates of birth defects and normal live
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births patients with reciprocal translocation remain
understudied.

Normal live birth and birth defect rates are informative
parameters in genetic counseling, but these have not been used
in previous work [7–9]. Patients with an unfavorable repro-
ductive history such as a birth defect can be anxious about
whether PGT-SR treatment can minimize suffering and help
them have a normal baby. Information about normal live
births and birth defects is necessary to provide satisfactory
genetic counseling.

To evaluate the effectiveness of PGT-SR treatment in re-
ciprocal couples with unfavorable pregnancy outcomes and to
provide additional data for genetic counseling, we investigat-
ed the rates of normal live births and birth defects of them
before and after treatment.

Materials and methods

Study design

We conducted a retrospective cohort study of reciprocal trans-
location carriers who received PGT-SR treatment between
January 2013 and August 2016. The inclusion criteria were
as follows: (1) either the male or female of the couple was a
reciprocal translocation carrier; (2) the couple had experienced
two or more unfavorable pregnancy outcomes as miscarriage,
stillbirth, or birth defect; and (3) no family genetic disease. In
total, 194 couples were eligible.

All the patients accepted genetic counseling before deci-
sion. Reviews of genetic and pregnancy histories were taken
first. The explanation described the advantages and limitations
of PGT-SR procedures. All of the patients who received PGT-
SR underwent cryopreserved cycles and the premise of biopsy
was at least one good-quality day 5/6 embryos. All the
normal/balanced embryo transfers were comprised of single-
tons. Written consent was signed by couples.

Information about the pregnancy outcomes pre-PGT-SR
was extracted from the medical records, and follow-up infor-
mation of pregnancy outcomes post-PGT-SR was collected
via telephone interviews or medical records.

Array-CGH procedure

The array-comparative genomic hybridization (CGH) proce-
dure was performed based on the manufacturer’s protocol.
Trophectoderm cells of the blastocysts were biopsied and col-
lected into sterile tubes preparing for polymerase chain reac-
tion (PCR). The extracted DNA from the washed samples and
reference DNA (male genomic) was processed using whole
genome amplification (WGA). The labeled and amplified
samples and the reference DNAs with cy3 and cy5
fluorophores were competitively hybridized and applied to

specific arrays for translocations in the array-CGH format
(Illumina, San Diego, USA). After washing, microarray slides
were scanned with a laser scanner (InnoScan 900). The
scanned images were analyzed using a software package
BlueFuse Multi Software (Illumina, San Diego, USA). The
euploid embryos were defined as having chromosome ratios
within a ± 0.3 log2 ratio [10].

Clinical data and definition

The data on maternal age, PGT-SR cycles, number of biopsy
embryos, array-CGH on blastocysts, balanced embryos, trans-
ferred embryos, and clinical pregnancy outcomes after em-
bryo transfer were calculated. The recorded pregnancy out-
comes consisted of ectopic pregnancy, abortion (e.g., miscar-
riage, induced abortion due to an unexpected pregnancy), nor-
mal live birth, and birth defect. The types of birth defects were
recorded in detail and classified mainly by structural or ana-
tomical system.

A clinical pregnancy was defined as an ultrasound-detected
gestational sac at 5–6 weeks after embryo transfer.
Miscarriage was defined as the natural death of a pregnancy
before the fetus could survive outside the uterus (from the time
of conception until 20 weeks’ gestation). Induced abortion
was defined as abortion caused on purpose, or for therapeutic
reasons (elective abortion or therapeutic abortion). A normal
live birth was defined as the birth of a phenotypically normal
child. A birth defect was defined as structural or functional
changes that affected almost all or parts of the body. Birth
defects could be detected either prenatally or after birth and
included terminations for defects at any gestational period and
also cerebral palsy [11].

Statistical analysis

In this study, the categorical data of pregnancy outcomes are
presented as proportions and continuous data as age are pre-
sented as means and standard deviations.

Results

We studied194 couples with reciprocal translocation who
were referred for PGT-SR treatment after two or more unfa-
vorable pregnancies between January 2013 and August 2016.
The average maternal age was 29.61 ± 4.26 years (range 22–
43). Of 194 couples, 165(85.1%)werematernal age < 35 years
and 29 (14.9%) were maternal age ≥ 35 years. Of the194 cou-
ples with reciprocal translocation, 111 (57.2%) had female
carriers and 83 (42.8%) had male carriers.
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Pregnancy history of the reciprocal carrier couples

Of total 194 couples, 55.2% (107/194) had experienced
two or more times unfavorable pregnancy outcomes,
27.3% (53/194) had experienced three unfavorable out-
comes, 8.2% (16/194) had experienced four times, and
9.3% (18/194) had experienced five or more times.
Among those couples, 32 (16.5%) couples suffered from
offspring malformations and 162 (84.5%) couples had
high risk of miscarriage, only 17 (8.8%) couples had
experienced normal live birth.

The 194 couples with reciprocal translocation had a
reproductive history of 592 pregnancies in total. Of 592
pregnancies, 496 (83.8%) had ended as miscarriage; 29
(4.9%) had terminated by elective abortion due to an
unexpected pregnancy; and 36 (6.1%) pregnancies had
experienced birth defect. Only 17 (2.9%) had been nor-
mal live birth (Table 1).

Embryo result and pregnancy outcome of the PGT-SR
cycles in reciprocal carriers

In total, 265 cycles of PGT-SR were carried out for the 194
couples with reciprocal translocation, and 968 embryos were
tested via array-CGH. The average start cycles were 1.32 per
couple. Eighteen (6.7%) cycles were canceled due to poor
ovary response or the unavailability of a good quality embryo,
and 87 (31.7%) cycles were canceled because of unavailabil-
ity of a normal/balanced embryo. Among all the good-quality
embryos, 98.9% (968/979) were successfully tested, and
26.7% (258/968) of them were normal/balanced.

Post-PGT-SR treatment, 114 (58.8%, 114/194) couples
achieved clinical pregnancy. Among the couples with clinical
pregnancies, 101 (88.6%, 101/114) had normal offspring.
Only 4 (3.5%, 4/114) couples had malformed offspring com-
pared with 32 (16.5%, 32/194) couples pre-PGT-SR. No pa-
tients underwent an induced abortion in the post-PGT-SR
group, but four birth defects existed in this group. They were
polydactyly, heart defect, congenital inguinal hernia, and
methylmalonic acidemia.

After the 179 normal/balanced embryos were transferred,
65.9% (118/179) reached clinical pregnancy. Of the clinical
pregnancies, 11.0% (13/118) terminated as miscarriages,
which was significantly decreased compared with miscarriage
rates (83.8%) before PGT-SR treatment. There were 85.6%
(101/118) normal live birth, and 3.4% (4/118) of these had
birth defect. The normal live birth rates were 56.4% (101/
179) per embryo transfer (ET) and 38.1% (101/265) per
started cycles (Table 1).

Types of birth defects in reciprocal carriers pre-
and post-PGT-SR treatment

There were 36 pregnancies from 32 carriers with birth defects
before PGT-SR treatment. After the PGT-SR treatment in the
same 32 couples, there were 50.0% (16/32) pregnancies free
of birth defects and had a normal live birth. Some of the
couples (31.3%, 10/32) were incapable of having normal/
balanced embryo. Four couples who did not experience any
birth defects before treatment had a baby with birth defects
post-PGT-SR. It is noteworthy that one of them was single
gene disorders (methylmalonic acidemia) and the couples de-
nied any family history of genetic disorder. The information
about carrier couples with birth defect pregnancies extracted
from follow-up records is listed in Table 2.

In total, 14 different disorders were found upon prenatal
and postnatal examination. The types of birth defects fell into
two categories: multiple defects and single defect. Multiple
defects accounted for 25% (9/36) in birth defect category
pre-PGT-SR, and the remaining defects were single defect.
Among the single defects, central nervous system abnormali-
ties and congenital heart defects were the most common.

Table 1 Pregnancy outcomes of 194 reciprocal carriers pre- and post-
PGT-SR

Pre-PGT
n (%)

Post-PGT
n (%)

Achieved clinic pregnancy

No / 80 (41.2)

Yes 194 114 (58.8)

Numbers of unfavorable pregnancy

0 / 97 (85.1)

1 / 17 (14.9)

2 107 (55.2)

3 53 (27.3)

4 16 (8.2)

≥ 5 18 (9.3)

Mean (per couple) 2.8 0.09

Birth defect

Yes 32 (16.5) 4 (3.5)

No 162 (83.5) 110 (96.5)

Normal live birth

Yes 17 (8.8) 101 (88.6)

No 177 (91.2) 13 (11.4)

Total number of pregnancies 592 118

Types of pregnancy outcome

Ectopic pregnancy 10 (1.7) /

Miscarriage 496 (83.8) 13 (11.0)

Induced abortion

Elective abortion 29 (4.9) /

Therapeutic abortion 2 (0.3) /

Stillbirth 1 (0.2) /

Birth defect 36 (6.1) 4 (3.4)

Normal live birth 17 (2.9) 101 (85.6)
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Figures 1 and 2 show the categories of birth defects pre- and
post-PGT-SR treatment.

Discussion

We evaluated the effectiveness of PGT-SR treatment for re-
ciprocal translocation carriers who had two or more

unfavorable pregnancies. The PGT-SR treatment lowered the
incidence of miscarriage and birth defect rates and increased
normal live birth rates.

The incidence of miscarriage in natural pregnancies
(83.8%) of reciprocal translocation carriers in our study is
consistent with previous studies (83.1–84.6%) [3, 12], and
the average number of miscarriages (2.8) in our study also
agree with the range reported in previous work (2.9–4.3)

Table 2 Types of birth defects among 40 reciprocal carriers pre- and post-PGT-SR

Karyotypes Maternal age N Birth defect pre-PGT N Birth defect post-PGT Pregnancy outcome after
PGT treatment

46, XX,t(1;11)(q41;q24) 28 2 (1) Holoprosencephaly
(2) Hydrocephalus

Normal live birth

46, XX,t(1;3)(q25;p21) 33 2 (1) Heart defects
(2) Cerebral palsy

Normal live birth

46, XY,t(3;7)(q21;q32) 32 2 (1) Heart defect and Pulmonary
hypoplasia

(2) Fetal nuchal cystic hygroma

Implantation failure

46, XX,t(9;16)(p10;p10) 30 2 (1) Severe multiple defect
(2) 21 trisomy

Normal live birth

46, XX,t(15;16)(q26;p11.2) 29 1 Renal and heart defects Normal live birth
46, XX,t(6;13)(q22;q33) 36 1 Fetal nuchal cystic hygroma and

Orofacial clefts
Without normal embryo

46, XY,t(3;22)(p24;q13) 40 1 Hydronephrosis and heart defect Without normal embryo
46, XY,t(10;20)(p11.2;q13.1) 25 1 Coronary artery fistula and single

umbilical artery
Normal live birth

46, XX,t(3;10)(q29;q21) 30 1 Heart defect and eye defect Miscarriage
46, XY,t(7;9)(p13;p21) 25 1 Fetal nuchal cystic hygroma and

acromphalus
Normal live birth

46, XX,t(1;3)(q42;q21) 30 1 Unbalanced karyotype and multiple
defect

Implantation failure

46, XY,t(6;14)(p23;q24) 36 1 Hydrocephalus Normal live birth
46, XY,t(6;8)(q15;p23) 29 1 Hydrocephalus Implantation failure
46, XX,t(8;13)(q22;q22) 26 1 Brain defect Without normal embryo
46, XX,t(7;21)(q22;q22) 29 1 Brain defect Normal live birth
46, XX,t(9;11)(q34;q23) 30 1 Heart defect Without normal embryo
46, XY,t(1;10)(q42;q22) 29 1 Heart defect Normal live birth
46, XY,t(4;10)(p11;p15),1qh+ 31 1 Heart defect Normal live birth
46, XX,t(13;15)(q13;q25) 31 1 Heart defect Normal live birth
46, XY,t(4;10)(p10;p10) 27 1 Fetal nuchal cystic hygroma Without normal embryo
46, XX,t(2; 11)(q35;q22) 27 1 Fetal nuchal cystic hygroma Normal live birth
46, XX,t(17;20)(p10;p13) 31 1 Fetal nuchal cystic hygroma Implantation failure
46, XY,t(3;4)(p23;q43) 29 1 Unbalanced karyotype Without normal embryo
46,XY,t(1;16)(q32;p13.3) 29 1 Unbalanced karyotype Without normal embryo
46, XX,t(11;22)(q25;q12) 27 1 22 trisomy Without normal embryo
46, XX,t(1;11)(q32;p24) 26 1 Orofacial clefts Normal live birth
46, XX,t(3;4)(p13;q35) 28 1 Orofacial clefts Normal live birth
46, XX,t(6;7)(q21;p13) 39 1 Cerebral palsy Without normal embryo
46, XY,t(2q;15q) 31 1 Pleural effusion Miscarriage
46, XY,t(5;18)(q?23;q?21) 35 1 Congenital hip dislocation Without normal embryo
46, XX,t(7;9)(p15;q13) 33 1 Limbs defect Normal live birth
46, XX,t(5;18)(p11;q11.1) 26 1 Acromphalus Normal live birth
46, XY,t(3;8)(p25;q22) 28 1 Polydactyly Birth defect
46, XY,t(3:21)(p13;q22) 23 1 Heart defect Birth defect
46, XY,t(3;7)(q27;p15) 24 1 Congenital inguinal hernia Birth defect
46, XX,t(6;15)(q21;q24) 24 1 Methylmalonic acidemia Birth defect
Total 36 4
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[13]. The incidence of birth defects pre-PGT-SR per couple
(16.5%) is consistent with other study (16.3%) [3], and the
two most common types of birth defects were multiple defects
and heart defect. The rate of normal live birth (2.9%) was
obviously lower than in previous studies (range 44–47.2%)
[14, 15]. These rates may have been cofounded by China’s

one child policy, because couples with reciprocal translocation
who have a healthy baby generally do not come to genetic
consulting and tried to have another baby.

Similar to other studies on PGT-SR for reciprocal translo-
cation, over half of the embryos transfer were canceled be-
cause the unavailability of normal/balanced embryos [7].
Once the normal/balanced embryos were transferred, the rates
of live birth per ET (58.7%, 105/179) were similar with live
birth rates per ET of other 24-chromosome screening studies
(50–52%) [9, 16]. The live birth rates per couple(54.1%, 105/
194) in our study were higher than live birth rates of fluores-
cence in situ hybridization (FISH)-PGT-SR in reciprocal car-
riers who had two or more miscarriage (31–32%) [13, 17]. To
date, no studies reported birth defect information of reciprocal
translocation carriers before and after 24-chromosome screen-
ing PGT-SR., The birth defect rates per pregnancy(3.4%,
4/118) found in this study are at the low end of the reported
birth defect rates from studies focusing on safety of FISH-
PGT-SR (range 2.6–16.7%) [18–20].

Compared with naturally conceived pregnancy outcomes
in the reciprocal translocation carriers, the live birth rates per
couple (54.1%, 105/194) in our study agree with subsequent
live birth rates per couple in previous work (47.2–63%) [15,
21], but lower than a long-term (5.8 years) cumulative live
birth rates per carrier couple (83%) [14]. That means a woman
who can get consecutive series of pregnancies naturally has
83% chance of having a normal live birth in 5 years. The ideal
cumulative live birth rate is based on a certain number of

Fig. 1 Birth defects category pre-
PGT-SR (n = 36)

Fig. 2 Birth defects category post-PGT-SR (n = 4)
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pregnancies. During the process of having a normal baby,
woman with reciprocal translocation would experience times
of miscarriage (54%) or terminated pregnancy due to the fetal
abnormality (2.4%) [14]. When PGT-SR treatment was ap-
plied, the miscarriage rate was lower (11.0%) and no induced
abortion was reported, and normal live birth rates per preg-
nancy (85.6% 101/118) were higher than other studies
reporting live birth rates per pregnancy (55.3–63%) [12, 14].
Few studies have reported birth defect rates when following-
up naturally pregnancy. One study has noted four birth defects
that all came from reciprocal carriers (2.5%, 4/157) [14].
Those reported birth defect were two children with an unbal-
anced karyotype, a severely handicapped child with Potter’s
syndrome, and one child with esophageal atresia. The rates of
birth defect per reciprocal couple in our study were 2.1%
(4/194). The types of birth defects were polydactyly, heart
defect, congenital inguinal hernia, and methylmalonic
acidemia. Among those disorders, methylmalonic acidemia
was single gene disorders and no unbalanced karyotypes.
We therefore suggest that the mechanism of lower birth de-
fects is related to the chromosomal screening. Chromosomal
abnormality was considered to be a risk factor for many birth
defects, such as congenital heart defect and fetal nuchal cystic
hygroma [22]. The PGT-SR treatment could avoid unbalanced
chromosomal abnormality as well as lowering the risk of some
birth defects.

We found that the normal live birth rates per carrier couple
following 24-chromosome screening PGT-SR treatment were
higher than reported studies with FISH-PGT-SR (52.1% vs
31–32%) [13, 17]. The observed live birth rates were compa-
rable with subsequent natural pregnancy [15, 21]. After a clin-
ical pregnancy, the normal live birth reached 85.6% per preg-
nancy after the PGT-SR treatment. This finding suggests that
24-chromosome screening is a good choice for reciprocal car-
riers to avoid high risk of miscarriage and to achieve accept-
able normal live birth rates.

Currently, the focus of genetic counseling is on unbalanced
karyotype offspring in reciprocal carriers. However, when ge-
netic counseling for reciprocal translocation couples suffered
from birth defect, the question about their risk of having a
child with phenotypes of birth defect is unanswerable. We
found that the unbalanced karyotype was not the dominant
phenotypes of birth defects in the offspring of reciprocal car-
riers. Severe multiple defects dominated. After the PGT-SR
treatment, the birth defect phenotypes were mild and no un-
balanced karyotypes were found during the prenatal examina-
tion (Table 2). This trend in birth defect rate suggests that
reciprocal translocation carriers with severe multiple birth de-
fects might benefit from PGT-SR treatment.

This study considered the effect of PGT-SR treatment on
the birth defects and normal live births and categorized birth
defects in reciprocal translocation carriers before and after
PGT-SR treatment. Until now, no study had reported

information on birth defect and normal live birth information
of reciprocal translocation carriers before and after 24-
chromosome screening PGT-SR treatment.

The information about pregnancies pre-PGT-SR is limited,
and most of the couples did not realize the importance of
chromosome testing in their birth defect offspring. After
post-PGT-SR treatment, there were 105 carriers who had a
live birth (including normal live birth and live birth with de-
fect). Only 14 (13.3%) of these patients opted for an amnio-
centesis and 28.5% (4/14) of their offspring were found to be
reciprocal carriers. In addition, some embryos were not been
transferred before analysis. Therefore, we cannot rule out the
possibility of differences between the final pregnancy rates
and the present data in this study. As this was a retrospective
study, the sample size post-PGT-SR remained small. Further
prospective, large-size cohort studies are necessary for solid
conclusion.

In conclusion, the reciprocal translocation carriers who had
experienced two or more unfavorable pregnancy outcomes
had a low risk of miscarriage and severe birth defect after
PGT-SR treatment. Their chance of having a normal live birth
treatment was higher than has been reported after FISH-PGT-
SR and was comparable with subsequent naturally pregnan-
cies. Reciprocal translocation carriers who have had offspring
with severe multiple birth defects might benefit from PGT-SR
treatment.
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