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P
ulmonary arterial hypertension (PAH) is a progressive,
fatal disease and most PAH patients have a poor
prognosis despite standard-of-care therapies. Heritable

PAH (HPAH) is usually (.80%) due to germline mutations in
the bone morphogenetic protein receptor 2 (BMPR2) gene [1–
4]. Thus, BMPR2 mutations constitute the largest known risk
for developing PAH. One of the most perplexing features of
HPAH is its reduced penetrance, which confounds genetic
counselling. Nearly 80% of mutation carriers have no clinical
symptoms, but they can produce offspring that are affected by
HPAH [5]. Thus, disease development cannot be predicted in a
mutation carrier and this deficiency in our knowledge about
disease penetrance results in a significant physical, emotional
and economic burden in HPAH families. Because 75% of
subjects with HPAH have a New York Heart Association
functional class rating of III or IV at the time of diagnosis, they
have poor long-term prognosis: average life expectancy is
,3 yrs from the time of diagnosis [6], as the treatment options
for PAH, including HPAH, continue to have no impact on the
underlying pulmonary vascular disease and limited efficacy.

Thus, for individuals with mutation, the decision to have
children is fraught with two major uncertainties. 1) Will the
mutated gene be passed along to their child (a 50% risk)? 2) If
the mutation is passed along, will the child develop clinical
disease? These important questions are not answerable with
the current knowledge. The couple may decide to not have
children, or can proceed to have children with the hope that
their child will either not inherit the mutated gene or if they do,
will hopefully never develop the disease. Pre-implantation
genetic diagnosis (which has been used successfully in other
genetic diseases), in theory, offers another welcome option that
had not previously been considered in HPAH.

In this issue of the European Respiratory Journal, FRYDMAN et al.
[7] show the successful use of pre-implantation genetic testing
in a family with BMPR2-related HPAH. The BMPR2 mutation
carrier was the father who, at the time of the procedure, did
not have any clinical or echocardiographic evidence of PAH. In
vitro fertilisation (IVF) was performed by intracytoplasmic
sperm injection (ICSI) into a harvested ovum obtained after

hormonal stimulation. Among seven embryos analysed, five
carried the mutated BMPR2 gene and two did not. One of these
unaffected embryos was implanted, leading to a successful
pregnancy and the birth of a healthy child who did not carry
the deleterious BMPR2 mutation.

The use of IVF is not unique, but this is the first time this
procedure has been successfully used in HPAH. However, IVF
in itself can be a less than ideal solution. In couples undergoing
this procedure, there is a significant physical, emotional and
financial (up to ,US$17,000 per cycle) burden. Furthermore,
IVF is not harmless and has been reported to be associated with
complications including higher incidence of multiple births and
a low but discrete risk of other genetic disorders. Several studies
have shown that IVF performed by ICSI carries a higher risk of a
major birth defect (in particular, genitourinary defects and
epigenetic syndromes such as Beckwith–Wiedemann syndrome
and Silver–Russell dwarfism) compared with a naturally con-
ceived infant [6, 8–10]. The American Society of Reproductive
Medicine considers ICSI a safe and effective procedure but notes
that it may carry some increased risk for the transmission of
selected genetic abnormalities to offspring [11].

On the surface, the case for using IVF in an autosomal dominant
disease with poor prognosis and inadequate treatment options
appears to be clear cut and would seem to offer no relative
disadvantage for this procedure, yet many advantages. How-
ever, the use of IVF in this disease is complicated by many
factors, including the fact that only 20% of mutation carriers will
eventually develop disease. Furthermore, the use of ICSI for IVF
introduces additional risk of unwanted and potentially severe
genetic disorders. These two factors necessitate complicated and
extensive genetic counselling provided by trained professionals
along with careful genetic evaluation in early childhood. This
may limit the number of couples who qualify or are willing to
pursue this procedure. Regardless, the first successful applica-
tion of this procedure in HPAH is an important forward step
and offers a welcome additional option to a couple in which one
partner carries a mutation.
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