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Should Long-Term Follow-up Post-
Mitochondrial Replacement be Left up
to Physicians, Parents, or Offspring?

TETSUYA ISsHII
Office of Health and Safety, Hokkaido University, Sapporo,

Japan

UK law permits parents to use mitochondrial replacement (MR) to have
genetically-related children without serious mitochondrial disease. However,
long-term follow-up is required for each case. Whether this follow-up should
be left to physicians, parents, or offspring has not been established. Due to
the experimental status of MR, physicians must inform parents of the risks
and the importance of follow-up tailored to a specific mitochondrial disease.
Given that the use of MR is a responsible exercise of reproductive freedom,
parents should ensure that the follow-up is performed properly and in the
best interests of their offspring. On becoming legally competent, the resulting
children should be entitled to refuse follow-up provided that the prevention of
mitochondrial disease with no adverse effects has been evident till then. This
offspring-centred long-term follow-up approach might also be applied to the
use of MR for infertility treatment, even though the primary endpoint is
healthy live births.

KEYWORDS Mitochondrial replacement, mitochondrial disease, informed
consent, follow-up, autonomy, ethics

Introduction

Human cells contain both nuclear and mitochondrial genomes, respectively located
in the nucleus (nDNA) and mitochondria (mtDNA). Approximately 100,000 mito-
chondria exist in the cytoplasm of mature oocytes, resulting in as many as 200,000—
300,000 copies of mtDNA per oocyte (Ishii 2016). The organelle’s most important
function is probably the production of adenosine triphosphate (ATP) through the
respiratory chain, in which protons and electrons are tightly transported, while reg-
ulating the leakage of free radicals, via five enzymatic complexes that are coordi-
nately encoded by the dual genomes. Human mtDNA is, in general, maternally
transmitted to offspring. Mutations at 13 mtDNA genes as well as at least 228
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nDNA genes have been linked to mitochondrial diseases (Koopman et al. 2012,
OMIM_data_base).

Since 1996, clinics have performed several different reproductive techniques
based on the transfer of different amounts of cytoplasm derived from donor
oocytes to alter the composition of mitochondria (containing mtDNA) in resultant
oocytes or zygotes (Ishii 2018). Due to the experimental status of these reproductive
techniques, China, the USA and other countries have prohibited such mitochondrial
manipulations, including cytoplasmic transfer (CT), maternal spindle transfer
(MST) and pronuclear transfer (PNT) after controversial consequences were
reported (Ishii and Hibino 2018). In 2015, the UK became the first country to lega-
lize MST and PNT (collectively termed mitochondrial replacement [MR] in this
article) for the sole purpose of safeguarding genetically-related offspring from
serious mitochondrial disease (UK_Department_of_Health, 2015). Currently, the
UK’’s first case of MR is being awaited at Newcastle University that was granted per-
mission to perform MR in 2017 (Newcastle_University 2017, Sample 2018). This
UK legalization is encouraging similar legislative amendments in other countries,
as expected (Ishii 2014). At present, Singapore and Australia are considering the
legalization of MR for the prevention of mitochondrial disease in offspring
(Winkler 2018). Meanwhile, MR has already been performed for infertility treat-
ment in Ukraine, and for disease prevention in Mexico, without being subject to
appropriate regulations, (Ishii 2017, Palacios-Gonzalez and Medina-Arellano
2017, Ishii and Hibino 2018).

However, research reports that were published after the legalization of MR in the
UK suggest that the reproductive use of experimental MR can fail to prevent the
onset of mitochondrial disease in offspring (Hyslop et al. 2016, Kang et al. 2016,
Yamada et al. 2016). Furthermore, MR can unexpectedly adversely affect the first
and subsequent generations if the resultant female individuals reproduce (Ishii
2018). Accordingly, the need for long-term and even intergenerational follow-up
of resultant offspring born via MR has been underscored as one of the major
issues surrounding the clinical implementation of MR (Nuffield_Council_on_-
Bioethics 2012b, Barber and Border 2015, Dupras-Leduc et al. 2018). Decade-
long health outcomes in adult survivors of childhood cancer have been reported;
however, in many cases, the survivors consented to the follow-up at 18 years or
older (Hudson et al. 2013). In reproductive medicine, long-term follow-up has not
been common due to the importance of live births as a clinical endpoint as well as
its relatively short history (Lu et al. 2013). In MR, as well as other reproductive pro-
cedures such as in vitro fertilization, those who give consent are not unborn children,
but prospective parents. Thus, some have suggested making parental consent to
long-term follow-up a condition for undergoing MR (Hens et al. 2015). However,
the parents can withdraw such consent based on the principle for respect for auton-
omy. Others have recommended that the UK Government should establish a central
register facilitating long-term follow-up post-MR (Hawkes 2012, Nuffield_Counci-
1_on_Bioethics 2012a). After consideration of these different recommendations, the
UK Human Fertilisation and Embryology Authority (HFEA) ruled only that a long-
term follow-up plan must be present in each MR protocol, but the implementation
of such plans is not mandatory (HFEA 2017).
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In regard to the clinical use of CT, clinics in several countries have conducted
research into the effectiveness of this procedure in female infertility cases (Ishii
2018). In the USA, several adverse events were observed following CT and the pro-
cedure was subsequently prohibited (Ishii and Hibino 2018). Regarding follow-up
after CT, there has been only one report; however, according to that report, one
of the families did not respond to repeated requests for the follow-up survey
(Chen et al. 2016). This report on follow-up post-CT raises the question of
whether follow-up post-MR should be left up to physicians, parents, or resultant
children.

The present article primarily considers follow-up from practical and ethical stand-
points after MR for safeguarding offspring from mitochondrial disease. It rejects
mandatory follow-up, instead asserting a voluntary long-term follow-up approach
should be tailored to each specific mitochondrial disease in the best interest of the
offspring born via MR. It further discusses the wider implications of this follow-
up approach in cases of MR for infertility treatment.

Possible risks and consequences of MR

CT, which has the longest history among mitochondrial manipulations, is a modified
form of intracytoplasmic sperm injection (ICSL, a treatment for male infertility), in
which the cytoplasm from a donor oocyte is aspirated and infused together with a
husband’s spermatozoon into oocytes of poor quality using a micropipette (typically
5—6 um) (Ishii 2018). CT has been performed in several countries that had or have
no relevant regulations (Ishii and Hibino 2018). However, only a single US clinic has
conducted a follow-up survey, according to which (Chen et al. 2016), the use of CT
for infertility treatment helped 13 couples have 17 genetically-related children, with
1 child being diagnosed with a developmental disorder at 18 months of age. Despite
its limited scope, the survey concluded that no effect of CT was discernible in ther3
surveyed teenagers (1 couple with quadruplets did not respond). However, two
different pregnancies were affected by Turner syndrome (one foetus was miscarried,
and the other was selectively reduced in a twin pregnancy). Indeed, this high inci-
dence of Turner’s essentially led to the procedure being abandoned in the USA
(Ishii 2018).

MST replaces most of the cytoplasm in a patient’s oocyte with that from a donor
oocyte through transfer of the karyoplast (the nucleus and a small portion of cyto-
plasm) (Zhang et al. 2017) (Figure 1). PNT also uses karyoplast transfer to largely
replace the cytoplasm of a zygote created using a patient’s oocyte with that of a
zygote made using a donor oocyte (Zhang et al. 2016) (Figure 1). Compared with
CT, MST and PNT are more radical procedures as they involve karyoplast transfer
using a larger micropipette (typically 30—40 um) (Ishii 2018), which can disrupt the
cytoplasmic organelles and cytoskeleton crucial to the viability of oocytes (Mao
et al. 2014), when transferring a patient’s nDNA into an enucleated oocyte or
zygote. Furthermore, in both PNT and MST, the transferred karyoplast must be
fused with the enucleated cytoplasm using electrofusion or treatment with inacti-
vated Sendai virus particles (also called HVJ-E) (Zhang et al. 2016, Zhang et al.



LONG-TERM FOLLOW-UP POST-MITOCHONDRIAL REPLACEMENT 321

Maternal Spindle Transfer (MST) Pronuclear transfer (PNT)
Patient’s
metaphase Il Donor Patient’s Donor

(MI1) oocyte Mil oocyte zygote zygote

Recovery of Discard Recovery of Discard
spindle spindle two pronuclei two pronuclei
l/ and PB1 and PB2

i )
HVIJ-E treatment /. \ /-
(or electrofusion) @ Enucleated HV-E treatment | Enucleated

of karyoplast oocyte (or electrofusion) | OC) 2ygote

of karyoplast
Transferof 4 . Transfer of [@¢}

karyoplast karyoplast

2 \

y

¢ Spermatozoon of £
patient’s husband
Reconstituted Reconstituted
oocyte zygote

FIGURE 1. The procedures of maternal spindle transfer (MST) and pronuclear transfer (PNT).
MST and PNT require oocytes donated from a third-party woman. The both reproductive pro-
cedures involve karyoplast biopsy and fusion of a karyoplast and a cytoplasm. After MST,
most of the cytoplasm of a reconstituted oocyte derived from a patient’s oocyte is replaced
with the cytoplasm of a donor oocyte. The cytoplasm of a reconstituted zygote is largely
replaced with that of a zygote created using a donor oocyte and a spermatozoon of patient’s
husband. HVJ-E: Hemagglutinating virus of Japan envelope, PBa1: first polar body, PB2:
second polar body.

2017, Ishii 2018)(Figure 1). Data regarding the safety of such fusion techniques in
reproductive medicine remain insufficient at present.

Regarding PNT and MST, only one clinical case of each has been reported. A case
of PNT in China was performed for an infertile woman who had experienced
embryo arrest in previous IVF cycles (Zhang et al. 2016). In that case, electrofusion
was used, leading to a triplet pregnancy. However, it ended in no live births; after
selective foetal reduction, one of the two remaining foetuses died of respiratory dis-
tress and the other of cord prolapse. The sole clinical case of MST was performed, as
a bilateral project between the USA and Mexico, for a woman who desired a healthy
offspring; electrofusion was also used in this case (Zhang et al. 2017). She had suf-
fered four miscarriages for unknown reasons and had two children who had died
due to a transmitted MTATP6 mutation in mtDNA that can cause Leigh syndrome
(a mitochondrial disease) (Figure 1). The MST resulted in the birth of a boy who
remained healthy at seven months of age. Since 2017, his condition has not been
reported. His mtDNA mutation load in tested tissues ranged from 2.36% to
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9.23%, which is markedly lower than the over 95% load in the tissues of the
mother’s 2 deceased children. However, the residual pathogenic mtDNA may propa-
gate in the future (Kang et al. 2016, Yamada et al. 2016), potentially leading to
reversed heteroplasmy in the child. Moreover, some have warned that mismatches
between a patient’s nDNA and donor mtDNA might impair ATP production and
lead to uncontrolled leakage of free radicals, (Reinhardt et al. 2013) (Figure 2A).
Others disagree with this prediction, arguing that resultant offspring can tolerate
mismatches between their parents’ nDNA and donor mtDNA (Kang et al. 2016,
Yamada et al. 2016).

The aforementioned considerations on the risks of mitochondrial manipulations
in the oocytes and zygotes suggest that the negative consequences immediately
after MR for preventing mitochondrial disease include aneuploid foetuses, miscar-
riages and stillbirths. Even if live births occur, some of the resultant offspring
might later develop mitochondrial or other unexpected diseases. In addition, it
has been suggested that the resultant children born via MR and their families may
later confront difficulties with their identity because the children are born via
‘three-parent-IVF’ (Scully 2017). Thus, follow-up is indispensable for ensuring the
physical and mental health of individuals born from MR.

Intergenerational follow-up and transfer of exclusively male
embryos

The resultant females born via MR may be at risk of transmitting unremoved patho-
genic mtDNA mutations to subsequent generations via maternal inheritance. For
this reason, the need for intergenerational follow-up has been emphasized in pre-
vious and on-going discussions on the clinical use of MR (Nuffield_Council_on_-
Bioethics 2o012b, Barber and Border 2015, Dupras-Leduc et al. 2018). Conversely,
to completely avoid this, a policy of transferring only male embryos in initial MR
trials has been proposed (Board_on_Health_Sciences_Policy_Institute_of_Medi-
cine. 2016).

One could compare this policy to the use of a preimplantation genetic diagnosis
(PGD) to avoid sex-linked diseases by selecting embryos of a particular chromoso-
mal sex. However, the aforementioned risks of MR may be more substantial than
those of the embryonic cell biopsies performed in PGD (Heijligers et al. 2018). In
addition, this policy of only transferring male embryos could send a problematic
message to society that only male children, as the first generation, should be
placed at the risk of potential MR hazards (Ishii and Palacios-Gonzélez 2017).
Although the policy of transferring only male embryos was also discussed in the
UK (HFEA 2013), it was eventually abandoned in the Human Fertilisation and
Embryology (Mitochondrial Donation) Regulations 2015 (UK_Department_of_-
Health 2015).

If counties permit MR for the purpose of safeguarding genetically-related off-
spring from serious mitochondrial disease, this reproductive technique should be
implemented with due consideration of the potential risks and the need of appropri-
ate follow-up, regardless of the future child’s gender. Moreover, the cases of CT in
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FIGURE 2. The structure and functions of respiratory chain and its relevance to mitochon-
drial diseases. ATP is mainly produced through the oxidative phosphorylation (OXPHOS)
pathway in mitochondria, where respiratory chain complexes I-IV act in coordination to
create a proton (H*) gradient that drives ATP production by the complex V. Electrons (e)
flow from complex | and Il to complex Il through coenzyme Q (CoQ), from complex Il to cyto-
chrome ¢ (Cyt. ¢), and from cytochrome c to complex IV, where four electrons and protons are
used to reduce O, to H,0. OXPHOS can leak electrons, which may generate free radicals,
such as reactive oxygen species (ROS: O3). However, the leakage of free radical production
is modulated by the rate of the electron flow. The subunits of the respiratory chain com-
plexes are encoded by nuclear and/or mitochondrial genes. NADH: nicotinamide adenine
dinucleotide. The maternally inheritable mitochondrial disease-associated genes in
mtDNA that encode the subunits of respiratory complexes are shown. LS: Leigh syndrome,
MELAS: mitochondrial myopathy, encephalopathy, lactic acidosis, and stroke-like episodes,
MERRF: myoclonus epilepsy associated with ragged-red fibers. Note that there are other
mtDNA genes that are known to cause LS (MTFMT, MTTV, MTTK, MTTW, MTTL1), MELAS
(MTTL1, MTTQ, MTTH, MTTK, MTTC, MTS1, MTTS2) and MERRF (MTTK, MTTF, MTTL1, MTTH,
MTTS1, MTTS2). The mitochondrial disease-associated genes are based on the information
in the OMIM database (https://www.omim.org as of 9 April, 2019). Under each disease
name, the timing of onset is also indicated, which is based on the information in the afore-
mentioned OMIM data base and the website of the Japan Muscular Dystrophy Association
(https://www.jmda.or.jp/mddictsm/mddictsm2/mddictsm2-13/ last accessed 9 April,
2019).
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the USA and PNT in China suggest that regulators will intervene in the clinical use of
MR when adverse events occur in the first generation (Ishii and Hibino 2018). Like-
wise, the HFEA requires licensed clinics to report adverse incidents after MR (HFEA
2017). The follow-up of first-generation individuals born from MR is further dis-
cussed below.

Mandatory follow-up of offspring born via MR

Even if prospective parents consent to follow-up post-MR, such consent is unlikely
to guarantee that the follow-up will actually be performed in the resultant children
for several reasons. Some follow-up investigations may be suspended due to the
withdrawal of parental consent. Indeed, parents who joined the bilateral MST
study ultimately requested that no further genetic testing be undertaken for their
child (Zhang et al. 2017). In addition, some families may become lost to follow-
up due to relocating, thereby preventing clinics from contacting them.

Possible measures for ensuring follow-up include legally enforcing it upon all
families concerned (UK_Department_of_Health 2014). For instance, a detailed neu-
rodevelopmental assessment at 18 months old, at which point all children would be
expected to be walking and talking (Craven et al. 2018), appears to be feasible as a
mandatory follow-up for all children born via MR in the UK. However, such neuro-
developmental assessment at 18 months old would constitute only a single and
immediate follow-up of children born from MR in the UK (HFEA 2017). Longer
follow-up would also be crucial, because some of the resultant children might
later develop mitochondrial or unexpected diseases, as mentioned above.

Nevertheless, mandatory follow-up of all families concerned may become proble-
matic over time. Accumulating travel and medical expenses impose great burdens in
the absence of financial aid. Families must continue to visit the clinic regularly,
which is time-consuming and laborious. More importantly, repeated medical exam-
inations could impose a serious burden on children born from MR. In the bilateral
MST study, whole blood and tissue samples, including buccal swabs, skin tissues,
hair follicles and urine precipitates, were provided for testing (Zhang et al. 2017).
Although mtDNA profiling of multiple tissues is necessary to systemically assess
mtDNA mutation loads, such ongoing and invasive sampling could cause pain or
distress in the resultant offspring. In addition, such long-term follow-up could
infringe on the family’s privacy or dignity. The parents of quadruplets who did
not respond to repeated requests for follow-up after CT (Chen et al. 2016) might
have considered that their participation could lead to unwanted attention in light
of their delivery of four children using ‘three-parent-IVF’.

Mandatory follow-up violates the autonomy of parents and offspring born via
MR. Additionally, longer such follow-up is likely to be even more problematic,
due to the aforementioned financial, physical, and psychological burdens imposed
upon the families. These ethical and practical considerations lend support to the
HFEA policy of requiring only that a long-term follow-up plan be put in place for
each MR protocol. Nonetheless, appropriate follow-up post-MR should be
carried out to ensure the welfare of the resultant individuals.
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Voluntary follow-up post-MR

It is essential to consider voluntary follow-up post-MR for a long but realistic
period. To reduce the physical, psychological and financial burdens of follow-up,
it is necessary to establish the minimum follow-up period to ensure the health of off-
spring born via MR. MR can be used prenatally to prevent certain mitochondrial
diseases that are associated only with mtDNA gene mutations (Figure 2B). Leigh
syndrome and mitochondrial myopathy, encephalopathy, lactic acidosis, and
stroke-like episodes (MELAS) are primarily observed in infants and teenagers
(OMIM_data_base). Similarly, two different myoclonus epilepsy associated with
ragged-red fibres (MERRF) cases that were respectively associated with a MTTSt
mutation and a MTND 5 mutation also developed in teenagers (Figure 2B and legen-
d)(Nakamura et al. 1995, Naini et al. 2005). On the other hand, MERRF can
develop around 40 years of age (OMIM_data_base)(Figure 2B). Therefore, in
cases of Leigh syndrome, MELAS and earlier-onset types of MERRE, the clinically
required follow-up period can be determined as approximately two decades to
confirm the prevention of mitochondrial disease and the absence of adverse events
for several years after the presumed timing of onset of mitochondrial disease. In
this follow-up post-MR, mental health care can be provided for the adolescents
who confront difficulties with their identity. The period of two decades corresponds
with the initial plan of the bilateral MST project for follow-up until the boy reached
18 years of age (Zhang et al. 2017). Nonetheless, although this follow-up plan
appears to be appropriate, the parents decided that they wanted for their child to
undergo no further testing, possibly because the aforementioned risks of MR had
not been sufficiently explained to them (Alikani et al. 2017). Therefore, before pro-
spective parents give their consent to MR, they must be carefully informed of the
aforementioned risks, including aneuploid foetuses, miscarriages, stillbirths and
later onset of mitochondrial or other unexpected diseases, in addition to the fact
that there are other uncertainties arising from the practice of MR involving
genetic intervention to the human eggs or embryos. In addition, physicians should
give an unequivocal explanation to the prospective parents as to why their children
born via MR must be monitored at least until the presumed timing of onset of the
relevant mitochondrial disease.

In the case of women with a pathogenic mtDNA mutation, and their husbands,
who do not insist on being genetically related to their future children, other
family-building options are available, such as directly using donor oocytes or adopt-
ing a child. Given that using MR to safeguard genetically-related children from
serious mitochondrial disease is a responsible way to exercise one’s reproductive
freedom (Ishii and Palacios-Gonzdlez 2017), prospective parents should reinforce
their responsible decision by ensuring that their children receive adequate follow-
up which exceeds the presumed timing of the onset of a specific mitochondrial
disease.

We also have to consider the rights of the offspring born via MR. The moral
acceptability of MR depends on whether or not the procedure safeguards the
child’s right to an open future (Bredenoord et al. 2o11). However, even if offspring
are born healthy after experimental MR, it is important to perform appropriate
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follow-up in order to ensure the child’s open future without mitochondrial disease.
In this regard, it is noteworthy that, based on the above-mentioned follow-up survey
after CT, only 1 out of 12 parents disclosed the use of CT to their children, which is
lower than the previously reported disclosure rate after the direct use of oocyte
donation (Chen et al. 2016). To ensure that the children understand the need of
long-term follow-up and continue undergo it, parents must inform them of the
fact that they were born via experimental MR (Appleby 20715).

Given that the resultant individuals may suffer from late side effects of MR, an
adequate follow-up plan might extend several decades, particularly in cases in
which MR is used to prevent later-onset types of MERRF and even Leigh syndrome
and MELAS. In contrast, the resultant children will likely wish to suspend such long-
term follow-up in order to pursue higher education, start a career, or relocate, and
this desire could clash with and indeed override the parental consent to engage in
follow-up. What is best for reproductive scientists is not necessarily best for individ-
uals born via experimental reproductive medicine (Cwik 2017). Because the off-
spring in this scenario would no longer be minors, they should be, in principle,
allowed to exercise their own autonomy regarding follow-up post-MR. Again,
since MR intends to safeguard the child’s right to an open future without mitochon-
drial disease, the fundamental requirement of autonomy for these young adults must
also be premised on the fact that they have been adequately prevented from having
mitochondrial disease till then. Therefore, provided that there is medical proof of
absence of symptoms in the central nervous system, muscles and other tissues, as
well as evidence of sustained low mtDNA mutation loads (OMIM_data_base),
the resultant children who become legally competent should be entitled to refuse
further follow-up that they find inappropriately burdensome. This offspring-
centred long-term follow-up approach would be applicable to the clinical research

Physicians must carefully inform parents of
potential risks of MR, and should explain to them
that resultant children must be monitored
at least until the presumed timing of onset
of a specific mitochondrial disease:
Leigh syndrome: Infant,
MELAS: 2-15 years old,
MERRF: Infant-40s).

is

Parents wanting

Physicians offering MR for
preventing mitochondrial
disease in offspring

Approx. clinically-required
follow-up period:

LS, MELAS, and
earlier-onset type of
MERREF : two decades.
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MERREF: > four decades.

Medical exammat!on m\nlmlsmg burdensome testing
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Parents should inform children of the fact of their birth via MR, and ensure that children receive adequate
follow-up which exceeds presumed onset timing of a specific mitochondrial disease.

FIGURE 3. An offspring-centred long-term follow-up approach for the clinical research of
mitochondrial replacement (MR) to safeguard future children from different types of mito-
chondrial disease. LS: Leigh syndrome, MELAS: mitochondrial myopathy, encephalopathy,
lactic acidosis, and stroke-like episodes, MERRF: myoclonus epilepsy associated with
ragged-red fibers.



LONG-TERM FOLLOW-UP POST-MITOCHONDRIAL REPLACEMENT 327

of MR to safeguard future children from different types of mitochondrial disease
(Figure 3).

MR for infertility treatment and follow-up

Women who have had children affected by mitochondrial disease frequently experi-
ence miscarriages (White et al. 1999, Zhang et al. 2017). This fact as well as the
clinical outcomes of CT in the USA suggest that MR can be effective for infertile
women who have only experienced embryonic arrests, implantation failures or mis-
carriages due to their mtDNA variant and have not had children affected with mito-
chondrial disease.

In the UK, the use of MR for that purpose is currently unlawful (UK_Departmen-
t_of_Health 2015). However, in the era of reproductive tourism, the unregulated,
widespread use of MR to treat infertility might cause many health problems interna-
tionally. Indeed, MR has already been practiced for infertility treatment in countries
without specific legislation pertinent to MR, such as Ukraine (Ishii and Hibino
2018). In regard to the clinical research of CT for treating female infertility, the
only reported follow-up survey was not planned initially; it was later approved in
2013, approximately a decade after the research was suspended, with the results
being reported in 2016 (Chen et al. 2016). In countries with no regulations pertinent
to MR, professional societies as well as institutional review boards must confirm
whether an appropriate follow-up plan is included in the protocol of MR for treating
female infertility. Any such plan should an immediate follow-up of the neurodeve-
lopmental assessment at 18 months of age, provided that the fertility physicians
can obtain the cooperation of paediatricians. In addition, longer follow-up should
also be considered in cases in which MR is used for infertility treatment, due to
its experimental status of this application. Meanwhile, the primary endpoint of a
healthy live birth in the treatment of infertility, in principle, renders long-term
follow-up unnecessary. Nonetheless, if the use of experimental MR by infertile
women who want genetically-related children is truly to be a responsible exercise
of reproductive freedom, then prospective parents and physicians should consider
long-term follow-up post-MR.

Again, the most important question is how long the resultant offspring born via
MR should be followed up. To some extent, the offspring-centred long-term
follow-up approach that was developed above could also be applicable to the use
of MR for infertility treatment. As the child’s right to an open future includes
health and fertility as fundamental features for all their life, offspring born via
MR for infertility treatment should be monitored up to adolescence to assess their
fertility. Such a follow-up plan would seem to be both reasonable and feasible,
since a similar follow-up has been carried out for the offspring born via ICSI
(Pereira et al. 2017).

Finally, we should also consider that the widespread introduction of MR for infer-
tility treatment could instantly lead to potentially controversial applications, such as
for lesbian couples who desire a genetic link of both partners to the child (Baylis
2018, Cavaliere and Palacios-Gonzalez 2018). In many countries other than the
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UK, it is morally imperative for physicians, prospective parents, and policy-makers
to deliberate on whether or not each use of MR is a responsible exercise of reproduc-
tive freedom, and whether each use avoids any infringement on the child’s right to an
open future. If a use of experimental MR is justifiable, the ethics of follow-up post-
MR must be carefully discussed to protect and respect the resulting individuals’
human rights.

Conclusion

Long-term follow-up post-MR to safeguard children from serious mitochondrial
disease should not simply be left up to physicians, parents, or the resultant children.
Physicians and parents should make a coordinated effort to ensure a practical and
humane offspring-centred follow-up, while also conditionally entitling the resulting
children to refuse follow-up. Physicians must carefully inform couples of the risks of
MR and the importance of long-term follow-up tailored to their specific mitochon-
drial disease. Given that the use of MR is a responsible exercise of one’s reproductive
freedom, parents should reinforce this responsible decision by ensuring that the
follow-up is performed properly and in the best interests of their offspring. Upon
becoming legally competent, the resulting children should be entitled to refuse
follow-up if there is medical proof that mitochondrial disease has been adequately
prevented till then. This offspring-centred long-term follow-up approach could
also be applicable to the use of MR for infertility treatment, which is currently
offered and practiced in countries other than the UK.
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