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Chapter 7

Abstract

Objective: Artificial Amnion and Placenta Technology (AAPT), designed to improve out-
comes in extreme prematurity, has shown promise in animal studies, with human trials
anticipated soon. This study seeks to inform the responsible design of future trials by
utilizing insights from parents who experienced an (imminent) extremely premature birth
and perinatal healthcare professionals (HCPs).

Design: A qualitative study using individual and focus group interviews.

Setting: This study was partofaDutch study called Toward Individualized care of the Youngest.

Sample: Fifteen parents who experienced an (imminent) extremely premature birth and
46 HCPs were interviewed.

Methods: Eight focus-group and five individual interviews were performed and tran-
scribed. The transcripts were thematically analysed.

Main outcomes and measures: The perspectives of HCPs and experienced parents on
what they considered essential for human AAPT trials.

Results: Analyses revealed some critical considerations represented in six themes: (1)
optimise the animal model, (2) determine the goal of human trials, (3) carefully establish
the research population, (4) formulate stop criteria, success criteria and outcome measures,
(5) determine the role for parents during the AAPT trial, and (6) develop protocols for the
trial and address logistical considerations.

Conclusion: This study emphasizes the critical role of stakeholder involvement in safe-
guarding the responsible design of human AAPT trials. Defining the trial objectives includ-
ing well-defined stop criteria and follow-up schemes is a key element for the human AAPT
trials. Establishing consensus among stakeholders is essential, as shared recommendations
will facilitate alignment of expectations and promotes engagement.
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Introduction

Worldwide, the main cause of perinatal mortality and morbidity is extremely premature
birth, defined as birth before 28 weeks of gestation.! Extremely premature born neonates
are at risk of mortality and serious physical, mental and social problems caused by the
far-too-early transition from maternal-placental life support to extra-uterine life.> Addi-
tionally, although the offered specialized intensive care treatment after birth is crucial for
survival, it can also lead to health complications, including additional iatrogenic damage,
such as in bronchopulmonary disease (BPD). In light of these risks, recent research has
studied techniques to postpone the transition to extra uterine physiology, such as the
artificial amnion and placenta technology (AAPT).>* Generally, AAPT technologies aim to
improve clinical outcomes by limiting complications, increasing survival rates and improv-
ing quality of life for extremely premature infants.>* Various models of the AAPT using
lambs and piglets have been studied showing promising results.>*¢ First in-human trials
of the technology are expected in the coming years.”

Designing human trials for the AAPT presents complex ethical, clinical, and logistical chal-
lenges. There is no consensus in literature on how to conduct these human trials.® Key
considerations include patient selection criteria, ethical issues in research methods such
as randomization in neonatal trials, and strategies to mitigate the risks associated with ex-
perimental technologies.?® While existing AAPT-research primarily focuses on pre-clinical
technique development>', animal study challenges and outcomes**°, and conceptual eth-
ical and legal considerations®'*'4, studies addressing the design of human trials for AAPT
are limited.”**> Moreover, research incorporating the perspectives of direct stakeholders
on this topic is notably absent. This study aims to fill this gap by utilizing insights and
experiences of parents who experienced an imminent or actual extreme premature birth
and of healthcare professionals (HCPs) involved in perinatal care for extremely premature
infants to guide the responsible design for the human AAPT trials.

Methods

This research is part of the Dutch study Toward INdividualized care for the Youngest
(TINY), focusing on complex decision-making in extreme prematurity.’*** TINY-3 focuses
on the AAPT as potential treatment for extreme prematurity. A detailed description of the
method is provided in Supplemental files TINY-3, file 1. The process of the TINY-3 study with
different phases is also displayed in figure 1 in Supplemental files TINY-3, file 2. This mixed
method approach was conducted to adhere to participants’ preferences and to ensure
thematic saturation. The first phase consisted of a stakeholders meeting following a guid-
ance ethics approach (intermezzo C).?**! To further explore and expand on the main results
of the stakeholders meeting, we conducted semi-structured focus group interviews and
individual interviews (phase 2). For phase 2, inclusion criteria for participants were (1)
parents who experienced an imminent or actual premature birth before 28 weeks gestation
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(henceforth: parents) and (2) HCPs in perinatal care. Parents were recruited through the
TINY-database. First, a general email was sent to all parents listed in the database, inviting
them to participate in the study. Based on the responses, we then reached out to additional
parents with diverse experiences of preterm birth and personal backgrounds to ensure
a broad range of perspectives and a representative population. This article presents the
TINY-3 results on relevant considerations of parents and HCPs to safeguard the responsible
design of future human AAPT trials. Both perspectives are essential because the HCPs will
be the ones responsible for the care of these children, and the families would be the main
characters in the trials.

One interview guide was developed for both groups based on the stakeholders meeting
and the expertise of our multidisciplinary team (Supplemental files TINY-3, file 3). Six focus
group interviews with HCPs (n=46) and two focus group interviews with parents (n=13)
were conducted, as well as five individual interviews with parents (n=5). The HCPs repre-
sented various specialties, and parents had different experiences with extreme premature
birth. All interviews started with an explanation of the AAPT and the Dutch context, as
summarized in box 1. The starting point was the current status of the AAPT development
with the focus on the potential upcoming human AAPT trials - rather than possible future
applications or clinical implementations. During the interviews, conceptual AAPT-pro-
totypes developed by the Dutch Perinatal Life Support-consortium were presented to
provide participants with a more tangible understanding of the technology’s potential
design and functionalities. Data analysis involved thematic content analysis independently
performed by researchers (AB, RK) following Braun and Clarke’s guidelines. This included
familiarizing ourselves with the data, generating initial codes, searching for themes based
on these codes, reviewing the themes, defining and naming the themes, and writing the
manuscript.??
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Box 1: The Dutch context and the Artificial Placenta

In the Netherlands, the period between 24 and 26 weeks gestation is considered the gray
zone, permitting both intensive care treatment and palliative care. For infants born before 24
estimated weeks gestation, palliative care is the standard approach, while those born after 26
weeks typically receive intensive care treatment. These prognosis of these infants born at the
limit of viability is uncertain.

Currently, a number of research groups worldwide are working on a new technology as treatment
for this group of infants, called the AAPT. Until now, only animal research has been conducted,
with notable success in allowing lambs to grow in an AAPT for four weeks by Flake etal in
Philadelphia.(1, 2) The technology aims to mimic the function of the amniotic sac, amniotic fluid
and placenta. To facilitate the transition from the mother to the artificial placenta, it is essential to
prevent the fetus from beginning to breathe at birth. A cesarean section appears to be necessary
to ensure the success of this process. In this fluid-filled environment of the AAPT, the infant is
fitted with cannulas (large infusion tubes) connected to the artificial placenta. After the transition
from the mother to the artificial placenta, the infant receives oxygen and nutrients through these
cannulas. Continuous medication to thin the blood will be required, as well as ongoing monitoring
of heart rate, oxygen supply, brain, and muscle activity.

In the Dutch context, it is currently suggested that the child can be treated in the AAPT for a
duration of 28 days. This implies that at a gestational age of 28 weeks, further treatment will
continue in an incubator, similar to current NICU care. At this stage, the infant will be removed
from the AAPT. The AAPT is intended to support infants born at the current threshold of around
24 weeks, as suggested by the Dutch Perinatal Life Support-consortium. Following four-week
testing on lambs and favorable Neonatal Intensive Care Unit (NICU)-outcomes for infants >28
weeks, the envisioned treatment would extend until 28 weeks gestation.

1. Perinataal beleid bij Extreme vroeggeboorte (2024); 2. Partridge EA, Davey MG, Hornick MA, Flake
AW. An EXTrauterine environment for neonatal development: EXTENDING fetal physiology beyond
the womb. Semin Fetal Neonatal Med. 2017;22(6):404-9; 3. Partridge EA, Davey MG, Hornick MA,
McGovern PE, Mejaddam AY, Vrecenak D, et al. An extra-uterine system to physiologically support
the extreme premature lamb. Nat Commun. 2017;8:15112.

Results

Demographic information of the participants is presented in Table 1A and 1B (Supplemental
files TINY-3, file 4). Results are represented in six themes derived from the data, repre-
senting the perspectives of both parents and HCPs on considerations for the upcoming
human AAPT trials namely: (1) optimize the animal model, (2) determine the goal of the
first in-human trials, (3) carefully establish the research population, (4) formulate stop
criteria, cut-off points, and outcome measures, (5) determine the role for parents during the
AAPT trials, and (6) develop protocols for the trial and address logistical challenges. The
themes are presented in a stepwise order reflecting what should be addressed first before
moving to the next phase and are supported by quotes of parents and HCPs extracted from
the interviews. For each quote, it is specified whether it was stated by a HCP or a parent,
along with the corresponding interview number. Additionally, supplementary quotes are
provided in Table 2 to further support the findings.

1. Optimize the animal model

One of the main concerns expressed by parents and HCPs was the reliability of animal re-
search results for informing subsequent steps in human trials. They agreed that proceeding
to human AAPT trials at this moment would be "going too fast” and emphasized the need
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to conduct more animal testing: “maybe you should optimize your animal model a bit more
before exposing it to others” [HCP, F1].

The current animal models were deemed insufficient because they do not accurately reflect
human pregnancy or fetal maturation. The lamb fetuses matured to full term in the AAPT,
making parents and HCPs worried about how potential risks and consequences could be
accurately studied. As one HCP stated: “we need to have sufficient research results to make
a comparison in terms of maturity. This would allow us to say more than just: it is technically
possible” [HCP, F2]. Furthermore, they stressed the importance of collecting data about the
lambs over a longer period to collect potential long-term effects. One parent suggested:
“maybe those little lambs should roam around in the meadow for a few years” [Parent, [3].

2. Determine the objective of first in-human trials

Particularly HCPs emphasized the importance of establishing the scientific objective before
proceeding to human AAPT trials, linking it to other requirements and criteria such as
establishing the research population (see theme 3) and defining outcome measures (see
theme 4). During the interviews, potential goals emerged. Parents stated that the objective
should be to test “if the technology works”[ and did not specify what parameters would in-
clude successful functioning of the technology. HCPs framed the trials as safety trials and
discussed that the aim should be “data collection of benefits, harms and side effects” [HCP,
F4]. All considered it crucial to ensure the objective of the human AAPT trials in order to
gather data that is meaningful for the future population that would be treated in the AAPT.

3. Carefully establish the research population

Participants stressed the need to carefully define the group of patients (mothers and in-
fants) that would constitute the research population. Broadly, the following groups were
considered eligible by HCPs: (i) based on maternal and placental factors, (ii) based on the
infant’s prognosis with either favorable or critical prognoses, or (iii) based on gestational
age and the limit of viability.

The following groups were suggested by parents: (i) based on gestational age with “minimal
chances of survival” or to explore “interventions before 24 weeks of gestation”, (ii) based on
social factors, preferring parents who already had a child to avoid “potential complications
from a cesarean section that could affect future fertility”, or (iii) based on the level of urgency
of the extremely premature birth.

No consensus was reached on which cohort would be most suitable for the AAPT trials.
However, HCPs suggested to personalize the decision on whether the AAPT would be a
suitable option for both the parents and the infant on a case-by-case basis. Furthermore,
the discussions tended more towards indications of the infants instead of maternal in-
dications, supported by arguments on various levels; HCPs were mostly focused on the
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medical substantive arguments and parents reasoned from a broader context based on
their experience with extreme premature birth.

The HCPs mentioned that the cohort that is the most ethically justifiable - e.g., non-viable
infants - to involve in AAPT trials would produce the weakest research outcomes, meth-
odologically speaking, and vice versa. “Infants [born after placental insufficiency] often have
poorer outcomes compared to their peers. [...] As a result, early experiments could yield poor
outcomes, which might not be attributable to the method itself but rather to the characteristics
of the infants involved” [HCP, F2]. Lastly, HCPs worried about the selection bias that would
occur with each cohort you would choose for the human trial.

4. Formulate stop criteria, success criteria and outcome measures

Parents and HCPs agreed that outcome measures should be carefully formulated before
trials with the AAPT start. Both groups agreed that survival should not be the only outcome
measure, as it would provide a one-sided view of the technology, and emphasized the need
to examine long-term outcomes for the infant, as well as the impact on parent-child bond-
ing. One HCP stated: “This experiment only ends, as far as I'm concerned, once the long-term
effects have been established” [HCP, F1]. Other outcome measures suggested by HCPs were
intraventricular hemorrhage, infections, long-term outcomes for parents in terms of mental
health and bonding with their child and unspecified long-term outcomes for the siblings.

HCPs discussed that stop criteria and success criteria should also be formulated before-
hand. Criteria for stopping the trial should be established, addressing when the trial itself
should be stopped and when an individual treatment within the AAPT trials should be
discontinued and switched to treatment at the Neonatal Intensive Care Unit (NICU). Ad-
ditionally, they argued that success criteria should be defined to determine when AAPT
treatment could be deemed superior to the current NICU-treatment.

5. Determine the role for parents during the trial with the AAPT

Parents and HCPs stated that the autonomy of parents should be ensured during the AAPT
trials by actively involving them in their infant’s care. Parents argued that they should be
prepared for the sight of their child in an AAPT and should be told what is expected from
them, since they would not be able “to hold them”, “change the diaper”, or “to care for them”
[Parents, F7 and F8]. HCPs worried how the trials would affect parents, because parents
have a significant role in current NICU-care which also improves the bonding with their
infant. One HCP stated: “I think parents are a precondition [in how to design the trails with
AAPT]” [HCP, F2].

6. Develop protocols for the trial & address logistical considerations

Parents and HCPs expressed the need for protocols, safety procedures and addressing
logistical considerations regarding AAPT trials. HCPs mostly stressed the importance
of protocols for crucial moments like the transfer from the uterus to the AAPT or in case
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of an emergency. As one HCP stated: “We need to become technically flawless in [technical
procedures]. That is an absolute requirement for me” [HCP, F2]. Protocols and guidelines
should also be developed for situations in which the transfer fails, the infant’s condition in
the AAPT declines or dies in the AAPT. For the first two situations, participants suggested
the experiment to be stopped and treatment to be converted to standard care: “It seems
very important to me, as a parent, to know that [...] if we see that things are deteriorating, we
stop immediately and take other measures” [Parent, F7].

Finally, the centralization of AAPT-care was discussed. Particularly in the context of the
trials, parents and HCPs envisioned this treatment being available exclusively at a single
center as it would allow for better control of the environment, and concentration of exper-
tise in one location. Another suggestion was to facilitate the transport of patients using
the AAPT between hospitals.

7. Overall trends

The identified themes represent overarching topics that are relevant to both HCPs and
parents showing both similarities and differences between the groups. Data collected from
HCPs was observed to be noticeably richer and more detailed than that from parents. Ob-
servations indicated that participants’ assumptions, interpretations, or misconceptions re-
garding the AAPT may have shaped the findings. Although the starting point for discussion
was the context of potential human trials, participants often took a broader perspective,
not consistently distinguishing between the trial context and the AAPT potential future
role in care. This highlights the importance of considering care-related concerns, which
could be included as an outcome measure in future trials. Finally, a clear interconnection
between the identified themes emerged, with the objectives of human trials ultimately
influencing other themes.
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Table 2 Additional quotes

Theme

1. Optimize the
animal model

2. Determine the
objective of the first
in-human trials

3. Carefully
establish the
research population

4. Formulate stop
criteria, success
criteria and
outcome measures

5. Determine the
role for parents
during the human
trials with the AAPT

6. Develop protocols
for the trial &
address logistical
considerations

Quote

“It always remains somewhat of a gamble. You tested it on animals, but
animals are not exactly like humans.” [Parent, F7]

The lambs are extracted from the AAPT after four weeks, but are full-term
by then. Infants would come out after four weeks and then what? Do they
still go into the incubator?” [HCP, F1]

“There should be room to fail. [...] It has to be clearly substantiated when [the
trials start] with infants in critical condition to see if it works technically. It
has to be accepted that things could go wrong.” [HCP, F2]

“Then maybe say: only if you already have a child. If the cesarean section
were to cause complications, it shouldn’t be the reason that you can never
have another child.” [Parent, F7]

“If you want to see whether this even works, you'll have to start with a group
where the children are physiologically developing normally.” [HCP, F2]

“Use the same criteria we currently apply to a pregnancy. At 23.5 or 24.0
weeks of gestation [...] don’t go below that, otherwise you won’t know what
you're comparing.” [HCP, F2]

“Personalize per patient and parents if this would be a suitable option for the
child and parents.” [HCP, F3]

“The end point should be really clear” [HCP, F1]

“..you have immediate survival, but the long term—that is of course the real
obstacle, that we simply don’t know. And when do you then decide: this is less
favorable?” [Parent, F7]

“When is it considered successful? If the infant survives? If the infants survives
the neonatal phase? Or is it about the long-term outcomes?” [HCP, F2]

“Ifyou do not include parents, you might as well observe everything from a
distance in an observatory” [HCP, F2]

“Do they come for visits? Do they stay at home? [...] That’s another
consideration, you know. Because here with us, they are allowed to visit the
NICU [day and night]” [HCP, F1]

“Meeting their child will be very different than with the regular treatment
after birth” [HCP, F1]

“Maybe the infant deteriorates significantly while still in the placenta,
whereas the infant could have spent his final moments lying on his mother’s
chest. You need to be ahead of that moment” [HCP, F1]

“This is high-tech, you know, just like ECMO; we only have it in some centers”
[HCP, F5]
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Discussion

This study represents the first empirical study into the perspectives of key stakeholders
on what they consider important to consider before human trials of the AAPT should start.
The results underscore the importance of clearly defining the objective of the human AAPT
trials, as it significantly influences the design and execution of each phase.

Overall, participants often assumed that the trial should aim to demonstrate the AP’s su-
periority over the current standard of care. This is known as a superiority trial aiming to
demonstrate that the AAPT provides significantly better outcomes. These outcomes should
not be limited to survival but should focus more on quality of life, which is also a crucial
subject for further discussion. However, parents and HCPs also discussed that the aim of
the trial should be to examine the technology’s safety and effectiveness. A non-inferiority
trial might be more appropriate in this context, as it aims to show that a new treatment is
not significantly less effective than the standard approach (e.g., in terms of survival) while
offering potential benefits, such as a lower risk of BPD or intraventricular hemorrhage.

The goals of a human AAPT trial will directly impact how the study is designed and conduct-
ed. For instance, if the aim is to compare AAPT with standard NICU care, researchers would
need to select a different group of infants, use different outcome measures, and follow
different study protocols than if the goal were solely to assess the technology’s safety.? In
a comparison study, the most suitable participants would be infants who have a reasonable
chance of survival with standard NICU care. However, including these infants poses serious
ethical concerns because the risks and benefits of AAPT in humans remain uncertain.

On the other hand, safety trials might focus on non-viable infants—babies who have no
chance of survival with current medical care. While this approach could help assess the
technology’s safety without affecting infants who might otherwise survive, it also raises
significant ethical dilemmas, such as whether it is appropriate to use AAPT in cases where
survival is not possible.

The considerations outlined by our participants have notable similarities with existing
legal frameworks and guidelines regulating trials, which are primarily ruled by nation-
al regulations and international standards such as Good Clinical Practice Guidelines.?*2¢
These regulations describe that all preclinical research, including animal models, have to
be validated to ensure safety and relevance before human trials begin.?*?¢ This is reflected
in the participants’ concerns about the validity and translatability of the animal studies to
humans, finding the evidence derived from these studies insufficient and the risk to human
subjects unacceptable. So, before proceeding to human AAPT trials, consensus should be
reached with key stakeholders when evidence on risks and benefits from the animal model
is sufficient, which specific risks and benefits to prioritize, and when the trade-off between
these risks and benefits is considered acceptable.

-170 -



Stakholder Perspectives on the Design of First-in-human trails for Artificial Placenta Technology

In addition, the legal frameworks emphasize fairness and justice as crucial factors in se-
lecting a research population.?® This aligns with HCPs’ concerns and considerations re-
garding the research group selection. Typically, three distinct research populations can
be recruited for human trials: ‘healthy volunteers’, ‘seriously ill patients unable to benefit
from standard of care’, and ‘patients with a stable disease’.?”?® Selecting the research pop-
ulation depends on aspects such as the trial’s scientific objective, the ‘best data’ criterion
(i.e. most representative population) and the balance of risks and potential benefits.?
Scientific justification for including certain groups is balanced against the moral obligation
to minimize harm.?

In the context of AAPT, it can be argued that there is no ‘single best population’ for human
AAPT trials, which is also evident in current literature.*'? For instance, the non-viable
group has been considered more ethically justifiable, though concerns remain about the
potential for prolonging the suffering of entities unlikely to survive.® On the other hand, De
Bie et al. argue that a viable population may be more justifiable, particularly because the
new technology is not a complete replacement for NICU care.* If the AAPT technology does
not work as expected, and it would be possible for the viable neonate to be transferred to
an incubator, this would help mitigate some of the risks but still does not resolve the ethical
complexities of selecting the most appropriate cohort for these trials.

Additionally, the situation is uniquely complex as there are two patients to consider: the
mother and the infant, requiring careful consideration of both parties’ health and well-be-
ing.!? Parents and HCPs discussed the criteria for including specific groups of infants in the
human trials more extensively than the indications related to the mother or the placenta.
The most proposed populations, ‘non-viable infants’ and ‘viable with good prognosis’, are
most similar respectively to the seriously ill & the stable disease population. Even if an
ideal group were to be established, the results of our study suggest that HCPs and parents
may hold differing views on this matter, particularly regarding the potential inclusion of
the ‘viable with good prognosis’ group which should be considered carefully in terms of
the willingness of parents to participate in the human AAPT trial.

Establishing the research population for the AAPT trial presents specific challenges due to
the involvement of two distinct participants—the child and the mother—each governed by
their own ethical and legal frameworks. Additionally, the existing shared decision-making
process with parents regarding treatment options for extremely premature infants must be
preserved considering the legal requirements of the informed consent procedure.®*-**This
is further explored in another article of the TINY-3 study.® Consequently, it is imperative
for stakeholders to carefully assess which group constitutes the most legally and ethically
responsible research population considering the infant and mother.
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Strengths and limitations

This is the first qualitative study on Dutch HCPs’ and parents’ perspectives regarding
AAPT trials, offering unique insights. A various group of participants was interviewed,
enhancing the diversity of perspectives. Furthermore, the multidisciplinary nature of the
research team contributes to the study’s strength.

This study also has some limitations. First, the findings may be contextualized within the
Dutch sociocultural milieu, its associated societal values and restrictive approach regard-
ing the resuscitation of the most immature infant, potentially constraining the broader per-
spective on this technology and its human trials.?* Nonetheless, our research underscores
the significance of stakeholder engagement and demonstrates the critical importance of
reflective analysis of the results. Secondly, although we purposively sampled participants
from obstetrics, the majority of HCP participants had backgrounds in neonatology. Another
potential limitation is selection bias, as individuals with either strong negative or positive
opinions about the AAPT may have been more likely to volunteer for the study. However,
thematic saturation was reached and the results neither unequivocally endorse nor reject
the AAPT suggesting balanced results. Third, while we reached thematic saturation, it is
unsure if the identified themes encompass all possible conditions. Lastly, our interpretation
may have been influenced by our own perspectives. However, we took steps to mitigate
this by involving a multidisciplinary team and conducting multiple rounds of discussion
to ensure a more balanced and reflective analysis.

Conclusion

This study emphasizes the importance of stakeholder involvement in responsibly design-
ing human AAPT trials. Our findings underscore the importance of stakeholders reaching
consensus on clearly defined objectives of human AAPT trials as these will influence crit-
ical decisions, regarding the research population, study design and outcome measures.
Establishing this consensus among stakeholders is essential, shared recommendations will
facilitate alignment of expectations and promotes engagement throughout all subsequent
phases of the potential future AAPT trials.
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