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Objective To evaluate to what extent couples carrying a balanced structural
chromosome abnormality follow up the advice to opt for invasive prenatal
diagnosis (PND) in subsequent pregnancies.
Design Index–control study.
Setting Six centers for Clinical Genetics in The Netherlands.
Patient(s) Couples referred for chromosome analysis after recurrent
miscarriage between 1992 and 2001 and with at least one pregnancy after
disclosure; 239 carrier couples and 389 noncarrier couples.
Intervention(s) Questionnaire, medical record checking.
Main Outcome Measure(s)
Uptake of invasive PND.
Result(s) Only 53 of 239 (22%) carrier couples underwent a PND procedure
(CVS or amniocentesis) in all subsequent pregnancies. A relatively high
number, 105 (44%) carrier couples, refrained from PND in all subsequent
pregnancies. More carrier couples with maternal age ≥36 years (20/33 = 61%)
refrained from PND, compared with carrier couples with maternal age <36 years
(85/206 = 41%). In women ≥36 years, an equal proportion of carrier and
noncarrier couples refrained from PND (61% vs. 54%).
Conclusion(s) The advice to opt for invasive PND in carrier couples is poorly
followed, especially in carrier couples with maternal age ≥36 years. The
motivations of carrier couples to opt for or refrain from invasive PND
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procedures should be the topic for further research to optimize clinical care and
informative decision making.
The reported incidence of one of the partners carrying a balanced structural chromosome
abnormality in couples with two or more miscarriages varies between 3% and 6% (1), (2)
and (3). In these carrier couples, products of conception can have a normal karyotype, the
same balanced structural chromosome abnormality as the carrier, or an unbalanced structural
chromosome abnormality. The latter can lead to miscarriage, a stillborn child, or a child born
with major congenital defects and severe mental handicaps.
Guidelines for the management of recurrent miscarriage (RM) recommend parental
chromosome analysis in couples with an increased a priori risk of carrying a structural
chromosome abnormality (4), (5), (6) and (7). Once a structural chromosome abnormality
has been detected, several guidelines emphasize the importance of invasive prenatal
diagnosis (PND), and couples are advised to undergo either chorionic villus sampling (CVS)
or amniocentesis for fetal karyotyping in subsequent pregnancies. In case of an unbalanced
fetal karyotype, termination of the pregnancy can be considered after careful and thorough
counseling.
Because parental chromosome analysis is offered to prevent the birth of a live-born
handicapped child, the detection of carrier status would suggest a likelihood of a high
number of PND procedures in subsequent pregnancies. Data on how couples act upon the
disclosure of parental carrier status are lacking, and therefore, the effectiveness of routinely
offering parental chromosome analysis in clinical care is unknown.
The aim of this study was to investigate the uptake of invasive prenatal diagnostic
procedures by carrier couples in subsequent pregnancies, and to compare results in carrier
couples with advanced maternal age (≥36 years) with the uptake in noncarrier couples with
advanced maternal age.
MATERIALS AND METHODS
The data for this research was collected in a study of consecutive couples referred for
parental chromosome analysis after two or more miscarriages in six centers for Clinical
Genetics in the Netherlands between January 1992 and January 2001 (2) and (8).
We selected all couples in which one of the partners was found to carry a structural
chromosome abnormality, and identified them as carrier couples. For each carrier couple a
random subset of two noncarrier couples was formed by identifying the last couple tested
before the carrier couple and the first couple tested after the carrier couple in each center.
This matching was performed to obtain a sample balanced over time. Institutional review
board approval was requested and obtained.
Eligible couples were contacted by mail and invited to participate. Initial nonresponders
received reminders. After written informed consent, the medical records of the clinical
departments were examined, and couples were asked to complete a questionnaire.
We then selected all carrier and noncarrier couples who became pregnant at least once after,
or were pregnant (gestational age <10 weeks) during the moment of disclosure of the result
of the parental chromosome analysis, as these couples are potential candidates for invasive
PND in current or subsequent pregnancies.
Obstetric follow-up was recorded for a minimum of 24 months after initial parental
chromosome analysis. An ongoing pregnancy was defined as a viable intrauterine pregnancy
with an observed positive heartbeat at 11 to 12 weeks gestational age.
Analysis
For each included couple, we registered whether they had one or more pregnancies after
disclosure, and whether they had opted for invasive PND in those pregnancies. We also
recorded if they had opted for CVS or amniocentesis.
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In carriers, a subanalysis of maternal age at time of parental chromosome analysis was
performed, resulting in a young maternal age group (<36 years) and an advanced maternal
age group (≥36 years).
In routine clinical management in the Netherlands women are eligible for invasive PND
from a maternal age of 36 years or older because of their increased risk of having a child
with Down syndrome. For them, all invasive PND procedures are fully covered by health
insurance. Women with a maternal age <36 years requesting invasive PND for personal
reasons will have to pay for the procedures themselves.
Therefore, carrier couples with advanced maternal age (≥36 years) were compared with
noncarrier couples with advanced maternal age (≥36 years).
Differences within carrier couple subgroups and between carrier couples and noncarrier
couples were tested with the Student's t test for parametric continuous variables, the MannWhitney U test or Kruskal Wallis test for nonparametric continuous variables and the chisquare for categoric variables. P values <0.05 were considered to indicate statistical
significance. All statistical analyses were performed using SPSS version 15.0 (SPSS Inc.,
Chicago, IL).
RESULTS
We identified 239 carrier couples and 389 noncarrier couples. The baseline characteristics
of the carrier and the noncarrier group are summarized in Table 1. Both groups were
comparable in relation to maternal age, mean number of pregnancies and miscarriages, and
uptake of invasive PND procedures before parental chromosome analysis. Results of
conventional parental karyotyping in carrier couples are described in Appendix 1 (available
online).
The results of the obstetric follow-up after disclosure of the parental chromosome analysis
are summarized in Table 2. The median follow-up period was 66 months (interquarterile
range 42–96 months). The carrier group had a mean number of 1.4 ongoing pregnancies after
disclosure.
[TABLE 1][TABLE 2]
In total, 556 pregnancies were confirmed in the 239 carrier couples, of which 328 were
ongoing pregnancies. In 184 (56%) of these 328 ongoing pregnancies invasive PND was
performed. This was done by means of CVS in 55 (30%) pregnancies and by amniocentesis
in 129 (70%) pregnancies. Overall, 53 (22%) carrier couples underwent an invasive PND
procedure in all subsequent pregnancies. In 81 (34%) carrier couples invasive PND was
performed in at least one, but not in all, subsequent pregnancies; 105 (44%) carrier couples
refrained from any invasive PND procedure in all their subsequent pregnancies.
Subsequently, we evaluated the influence of maternal age on PND uptake. The results are
summarized in Figure 1. Carrier couples with advanced maternal age (≥36 years) had
refrained significantly more often from invasive PND than younger carrier couples (P=.03):
61% of carrier couples with advanced maternal age had never undergone an invasive PND
procedure in a subsequent pregnancy, versus 41% of younger carrier couples. In carrier
couples with advanced maternal age 23% had undergone invasive PND in every subsequent
pregnancy versus 18% of younger carrier couples (P=.55).
[FIGURE 1]
Within the couples with advanced maternal age (≥36 years) there was no difference in the
uptake of invasive PND procedures between carrier couples and noncarrier couples. More
than half (54%) of the noncarrier couples with advanced maternal age refrained from any
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invasive PND procedure, compared with 61% of carrier couples with advanced maternal age
(P=.51).
DISCUSSION
We found in this study that many couples with an established structural chromosome
abnormality refrained from invasive PND procedures (CVS or amniocentesis) in subsequent
pregnancies. Thus, although all couples underwent genetic counseling where the need for
PND was stressed, many disregarded this advice. Overall, almost half of the carrier couples
in our study group underwent no invasive PND procedures in all subsequent ongoing
pregnancies. In the subgroup of carrier couples with advanced maternal age (≥36 years)
>60% decided against any type of invasive PND. We have not collected any data on the
motivations of carrier couples to refrain from invasive PND procedures.
The data presented in this study are based on the inclusion of carrier couples evaluated
between 1992 and 2001, with follow-up of subsequent pregnancies and accompanying
invasive PND procedures until the end of 2003. Results should be interpreted with regard to
the routine clinical care provided during that period. At that time little debate existed on
parental chromosome analysis in case of RM. From that perspective, it is even more
surprising that women refrained in such a high percentage from additional invasive PND. At
present, it is well known that parental chromosome analysis can be withheld in low risk
couples, and that the chances of having a live-born handicapped child with an unbalanced
structural chromosome abnormality are very low in couples with RM. In our dataset, in total
four unbalanced fetal karyotypes were found in 550 (0.7%) pregnancies in 278 carrier
couples. Three of the four unbalanced karyotypes were detected at invasive PND, and
subsequently, two fetuses were aborted. The third pregnancy was not terminated, and the
child died immediately after birth at 43 weeks of gestation because of severe handicaps. One
unbalanced fetus with severe congenital abnormalities was born after the parents had decided
to refrain from invasive PND after a normal ultrasound examination in the second trimester.
This child is still alive (8).
The risk of an unbalanced fetus for a carrier couple varies according to the breakpoints of
the chromosomes involved in the parental translocation. This risk was at that time estimated
between 3% and 5% (9) and (10). Generally, we can assume that all carrier couples were
informed of their individual increased risk and advised to opt for invasive PND. About onethird (36%) of carrier couples underwent an invasive PND procedure in at least one, but not
all, subsequent pregnancies, suggesting there are other reasons for them to opt for or refrain
from invasive PND procedures than just the risk given during counseling. In a study by
Sawyer et al. (11) it was shown that reproductive choices of carriers of cystic fibrosis were
dynamic over time, with decisions and views changing (11).
It is possible that couples make different choices today regarding the uptake of invasive
PND, because of developments in PND procedures or differences in counseling after
disclosure of the test result. Therefore, it may well be that the uptake at present is even
lower. This might also be reinforced by the introduction of first trimester screening
(combined test) for Down syndrome in the last few years.
Couples with a balanced chromosome abnormality today can opt for in vitro fertilization
(IVF) combined with preimplantation genetic diagnosis (PGD) as an alternative to PND (12)
and (13). In our study none of the carrier couples opted for IVF-PGD, probably mainly
because between 1993 and 2001, knowledge about IVF-PGD was not widespread. The
current uptake of IVF-PGD in carrier couples with RM is unknown. Reported data from the
ESHRE-PGD consortium on carrier couples with RM cannot be separated from couples with
other indications (14). Given these new techniques, an even further reduced uptake of
invasive PND in carrier couples could be expected now and in the future.
In the literature, limited data can be found regarding the uptake of invasive PND procedures
after parental chromosome analysis. Previous studies presented the results as the (percentage
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of) pregnancies in which PND was performed as a unit of analysis, whereas we took the
couples as a unit of analysis. One study found a lower uptake of amniocentesis: in 14 of 58
(24%) subsequent pregnancies in carrier couples (15). Two further studies found the uptake
of amniocentesis in carrier couples to be 26 of 43 (60%) and 23 of 34 (67%) in subsequent
pregnancies (16) and (17). All three previous studies are based on small numbers of carrier
couples, and none looked at differences in uptake of invasive PND related to maternal age or
the motivations of the couples to opt for or refrain from invasive PND.
In carrier couples with advanced maternal age (≥36 years) there was remarkably an even
higher proportion of couples refraining from invasive PND, even though mothers at
advanced age have an increased risk for fetal aneuploidy, especially Down syndrome. No
difference existed in the uptake of invasive PND procedures between carrier and noncarrier
couples with advanced maternal age (≥36 years). This shows that an established carrier
status is not an additional reason to opt for invasive PND in older women.
At this moment we can only speculate why carrier couples refrain from invasive PND.
Couples might decide in advance that they will not choose to terminate their pregnancy,
regardless of the possiblility of a handicapped child because of religious or personal beliefs.
Another motive of carrier couples could be the desire to avoid invasive tests at all costs
because of its concomitant risk of inducing pregnancy loss. Couples were told the risk of
inducing pregnancy loss as a consequence of invasive PND was between 0.5% and 1.0%
according to the literature (18). In our study there were no induced pregnancy losses after
invasive procedures. Two previous studies reported a significantly lower uptake of invasive
PND in women pregnant after assisted conception compared with women with a
spontaneous conception. Regardless of their age, these women weighed the risk of an
invasive PND procedure heavily as their pregnancy was very precious, and they felt that they
may not have the chance to ever have another child (19) and (20). These feelings might also
apply to our study population. In the Netherlands, an overall decline in uptake of invasive
PND procedures among women above 36 years of age has been reported earlier. The
percentage of women with advanced maternal age undergoing an invasive PND procedure
fell from 46% in 1991 to 34% in 2000 (21). These percentages are comparable with the
results in our study. A study published in 2002 found that the key determinant regarding the
uptake of invasive PND in women aged 35 years or older was their a priori opinion
regarding invasive PND and not their increased risk of a child with a chromosome
abnormality (22).
To improve genetic counseling and clinical care, understanding of the motivations of carrier
couples is essential. Additional research is needed into the reasons why carrier couples
decide to refrain from invasive PND.
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