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Chapter 1

In neonatal care, treatment decisions for infants born at the limit of viability are often
very complex. It is essential to involve parents in these decisions, taking into account their
preferences, values, and concerns. The first part of this thesis explores the values that
influence treatment decisions at the limit of viability. Additionally, as neonatal care con-
tinues to evolve with technological advancements such as artificial amnion and placenta
technology (“the artificial placenta”), involving perspectives and values of key stakeholders
becomes increasingly important. In the second part of this thesis, the perspectives of key
stakeholders on the potential development of artificial placenta technology as a future
treatment option for extreme prematurity are examined.

Extreme premature birth

According to the World Health Organization (WHO), premature birth is defined as child-
birth occurring before 37 weeks of gestation.! This affects millions of infants each year and
is further categorized based on gestational age: extremely premature (<28 weeks), very
premature (28-<32 weeks), and moderate to late premature (32-<37 weeks) as displayed
in figure 1. In 2020 alone, approximately 13.4 million babies were born prematurely world-
wide, underscoring the need for effective interventions, enhanced healthcare systems,
and informed decision-making by parents for this vulnerable group of infants.? Among all
premature infants, those born extremely prematurely face the most significant challenges
in neonatal care, high mortality rates, and often severe long-term consequences.?

Management in neonatal intensive care units (NICUs) includes interventions such as incu-
bators, advanced respiratory support, infection prevention, and diagnostic examinations
to monitor and address complications arising from the underdevelopment of vital organs,
including the lungs, heart, and brain.* During their NICU stay, these infants are particularly
vulnerable to life-threatening conditions such as respiratory distress syndrome, sepsis,
intraventricular hemorrhage, necrotizing enterocolitis, and feeding difficulties, all of which
stem from their extreme immaturity.*

Premature birth
Term Post term
Extremely Very premature Moderate to late birth birth
premature birth birth premature birth
Limit of viability 28w 32w 37w 40w 42w

Weeks of gestation

Figure 1 Overview of definitions for premature birth according to the World Health Organization

Although NICU-care is continuously developing and improving, extremely premature in-
fants frequently face long-term consequences.>> These consequences can involve neuro-
developmental impairments such as cerebral palsy, intellectual disabilities, behavioral
disorders, and sensory deficits like vision and hearing problems.> Additionally, they are
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more prone to chronic health conditions such as bronchopulmonary dysplasia, asthma, and
growth delays.®” The impact of these challenges extends beyond the physical problems and
consequences, often affecting the child’s educational and social development.® As a result,
many survivors require medical and psychological support when they get older.

Viability

In the context of extreme premature birth, viability is an important but complex concept.
It describes the ability of a premature infant to survive outside the womb. Viability is
determined by biomedical and technological capacities, which allows for a distinction
between natural viability and technical viability, as explained by De Proost and is schemat-
ically represented in figure 2.8 Technical viability refers to the survival of a premature
infant based on the availability of advanced medical technologies, and natural viability
is the ability of an infant to survive without such interventions.’ Technical viability is a
“statistical property”, as not every fetus will survive at the so-called limit of viability.’
It depends on contextual variables, such as advances in perinatal medicine, insight into
fetal development and innovations in pharmacological treatment. Globally, variations in
resource availability, infrastructure, and expertise lead to differences in how viability is
perceived. As a consequence, there is no universally accepted gestation age that defines vi-
ability.® Internationally, countries set their own thresholds for what is considered the limit
of viability, often based on the gestational age at which survival is deemed possible with
the available medical interventions together with societal values that are important.®!*

The concept of technical viability leads to what is often referred to as the “grey zone”, a
certain gestational range in which the outcomes of medical treatment for newborn infants
are uncertain.’? The definition of this zone varies between 22-26 weeks of gestation, with
the specific upper and lower limits changing over time, across countries and different
cultures.’ These variations are influenced by medical advancements and resources, infra-
structure, knowledge, sociocultural values, and ethical considerations.!*'> Below the lower
limit of the grey zone, neonatal care is considered medically futile or just not feasible.'*¢
For these infants, provision of care other than palliative comfort care is unreasonable.!?
Beyond the upper limit of the grey zone, the infant is mature enough to have a reasonable
chance for a good outcome, therefore early intensive care treatment will be initiated.'*1®
In the grey zone, multiple options exist, ranging from early intensive care to palliative
comfort care.’®
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The national availability of Treatment guidelines for
resources, infrostructure, perinatal care at the limit
and knowledge of viability
Natural viability l
= the ability of an infant to survive b4
without the interventions of advanced Actual viability
medical technologies = the gestation age at which a country offers
neonatal intensive care to extreme premature
Technological viability infatits
= the survival of a premature infant
based on the availability of advanced Viability in principle R
medical technology = the gestational age at which survival is
thecretically possible based on medical
technology that exists in principle but may only
be available in certain parts of the world and to
those who can afford it.

/

Figure 2 Different interpretations of fetal viability based on the figure of De Proost et al, 2023, Via-
bility, abortion and extreme prematurity: a critique

Counselling and decision-making at the limit of viability

When an extremely premature birth at the limit of viability is imminent, parents are typ-
ically offered prenatal counseling.’” There is no standardized universal approach to the
structure or content of this counseling, but research highlights the importance of tailoring
it to individual circumstances.!®?° Generally, prenatal counseling provides parents with
information about extreme prematurity, including survival rates, potential outcomes, and
the expected postnatal care trajectory.’®?? A primary objective of prenatal counseling in
cases of extreme prematurity at the limit of viability is to support and guide parents in
the decision-making process.?**

After receiving counselling in the context of imminent extremely premature birth at the
limit of viability, complex decisions must be made including the decision about treatment
of the infant after birth. Depending on the guideline, it is often recommended to involve
parents in discussions between early intensive care or palliative comfort care.?® These
conversations between parents and physicians are complex and emotionally overwhelming
with a lot of information that needs to be processed.? In this state with a lot of uncertainty,
parents have to navigate treatment decisions focusing on neonatal early intensive care or
palliative comfort care at the limit of viability.?”?® The decision to initiate early intensive
care treatment comes with great prognostic uncertainty.® Initiating palliative comfort
care means the infant will die. Since there is no ‘best decision’ in this situation, these kind
of decisions are often characterized as “preference-sensitive” or “value-loaden”; thus, a
shared decision-making approach becomes imperative.?*3!

Shared decision-making

Shared decision-making encompasses a systematic process in which healthcare profession-
als inform the patient - in this context the (future) parents - about the available treatment
options, discuss the potential risks and benefits of each treatment option, and facilitate an
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open dialogue about the preferences and values of the parents (figure 3).2° This process
includes a critical step known as value clarification, wherein healthcare providers assist
parents in articulating their priorities and concerns, thus ensuring that the decisions made
align closely with their wishes for their child’s care.?%3233

Despite the recognized importance of involving parents in these discussions, clinicians do
not always engage them effectively in conversations about treatment options, particularly
regarding resuscitation efforts following extremely preterm births.?? Research indicates
that barriers to effective shared decision-making often stem from a variety of factors,
including time constraints, the emotional burden of the discussions, and differing per-
spectives on the best course of action.** Nonetheless, parents consistently express a strong
desire for participation in these critical conversations, emphasizing the need for healthcare
teams to navigate these dialogues with sensitivity and thoroughness.*

. Discuss the
2 Discuss the : i
Recognize and 3 Open dialogue patient's wish to
; Az treatment options s
inform a decision = 2 about preferences make the decision;
with the risks and
must be made . and values they make or defer
benefits s
the decision

Figure 3 Schematic representation of shared decision making based on the model by Stiggelbout etal.

Value clarification

As described before, value clarification is a key component of shared decision-making.
Value clarification focusses on helping patients identify and communicate their personal
values, preferences, and priorities regarding treatment decisions. This process ensures
that decisions align with what matters most to the patient. In the field of neonatology, it
is known that understanding values is crucial, and should be a central part of the decision
making process.?¢38 There are tools, such as decision aids, that help in the process of shared
decision-making and presenting options and outcomes. However, these tools do not always
directly show how to engage in value clarification or uncover what those values truly are.?

It is important to acknowledge the differences in decision-making between pediatric or
neonatal medicine and adult medicine. While decision-making in adult medicine often

draws on the patient’s past behaviors or stated preferences to guide treatment choices,
pediatric decisions lack such reference points.*” Instead, parents must rely on their own
values and goals when making healthcare decisions for their infant.** Deciding for yourself
versus making a decision for someone else (so-called surrogate decision-making) influences
treatment preferences.**? In prenatal decision making, the parents are the surrogate decision
makers for their unborn infant.

The dutch context regarding decision making at the limit of viability

The prevalence of preterm births in the Netherlands was reported in 2021 at 6.6% (= ap-
proximately 1150 premature babies), with 0.15% (= 251 babies) being born between 24-26
weeks gestation.*® Despite advancements in neonatal care, the survival rates for these
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infants remain precarious; around 60% survive to discharge, but many of them are at risk
of facing severe or moderate disabilities.**

Atthe start of this thesis, the guideline established in 2010 was in effect, defining the limit
of viability as 24 weeks of gestation. Associated with this 2010 guideline, a counseling
framework and an accompanying decision aid (www.keuzehulpvroeggeboorte.nl) were
developed, based on findings from the Dutch PreCo studies.*>*¢ One of the recommenda-
tions emphasized that shared decision-making was important, but should be personalized.
The exploration of values was found to be really important, however not easy to do.?? With
this thesis, we hope to contribute to improving shared decision-making, especially value
clarification at the limit of viability to help parents make value congruent decisions.

The most recent guideline in the Netherlands stems from 2024.*” This revised guideline
maintains the threshold for providing early intensive care at an estimated gestational
age of 24+0 weeks. It states that individual factors influencing the survival chances and
outcomes for the child must be taken into account. However, the professional associations
(pediatrics and obstetrics) have stated that providing care before the estimated gestational
age of 24 weeks is not yet feasible due to limitations in the capacity of highly specialized
nurses, the availability of beds (in NICUs, obstetric high-care units, and peripheral pedi-
atric wards), the organizational and financial impact on long-term follow-up care, and the
potential legal implications related to the Termination of Pregnancy Act.*’” The upper limit
for intensive care in the Netherlands is still set at 26+0 weeks of gestation. This creates a
decision-making “grey zone” between ~24 and ~26 weeks, when parents should be involved
in determining whether to pursue early intensive care or opt for palliative comfort care, as
illustrated in Figure 4. This grey zone in the Netherlands reflects the cultural and societal
values that shape Dutch medical guidelines and policies.!**® Dutch society places significant
emphasis on values such as personal freedom, the desire to minimize suffering, and the
prioritization of quality of life. These values are deeply ingrained and are reflected in the
country’s laws, regulations, and medical guidelines.!

-12 -
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Premature birth

Term Post term

Extremely Very - '
premature premature birth birth
birth birth
Limit of viability \ 28w 32w 37w 40w 42w
\ Weeks of gestation
‘ Palliative comfort care ‘ Grey zone | Early intensive care

~24w ¢ ~26w

Parents involved in treatment
decisions focusing on neonatal

Figure 4 Schematic representation of the Dutch situation

International grey zones differ from the Dutch grey zone, as each region defines its own
boundaries. These limits are shaped by factors such as cultural norms, national policies,
and healthcare practices, highlighting the inherent variability and complexity of deci-
sion-making in neonatal care.!»* Nevertheless, while the application of the grey zone may
vary across cultures and countries, the issues and research presented in this thesis are
universal and hold relevance for neonatal care worldwide.

Innovations to improve neonatal care: artificial amnion and placenta
technology

Advancements in neonatal care continue to shape neonatal care, influencing the possi-
bilities at the limit of viability and the concept of viability itself. Important milestones in
history are the development of the incubator, attention for nutrition and hygiene, and the
pharmacological options like surfactant and antenatal steroids.*°

One of the most recent developments in neonatal care is the development of artificial
amnion and placenta technology. This technology aims to postpone the transition to extra
uterine physiology by mimicking the liquid-based environment and function of the amniotic
sac, amniotic fluid and placenta.51-55 The aim of this technology is to improve clinical
outcomes by limiting complications, increasing survival rate and improving quality of life
of the extreme prematures.54,55 Several research teams around the world are currently
in the animal testing phase of developing this technology, with promising results (figure
5).51,54,56,57 The team at Children’s Hospital of Philadelphia appears to be the furthest
along in developing this technology, being in the process of proceeding to first-in-human
trials in the coming years.%®
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Bag with
antificial
amniotic flusd

The fetal heart pumps
blood throwgh the
wmbilical artories

to the caygenator and
back to the umbilical vein

Quyganator

Figure 5 Schematic representation of the animal model of artificial amnion and placenta technology.
Image adapted from Max Koslov, Nature Publishing Group.

The development of this emerging technology and the upcoming first in-human trails raises
many ethical, legal and practical questions.>*® It could have the potential to influence the
‘grey zone’ and/or the interpretation of the concept of viability in the future.®* The ethical
debate surrounding artificial amnion and placenta technology is complex, involving a di-
verse range of stakeholders—such as parents, developers, clinicians, and ethicists—each
with distinct perspectives, concerns, and interests.®? Part of responsibly designing a new
technology is engaging all different stakeholders from basic research to implementation.®?
Stakeholders can provide valuable insights, arguments to support their views, conditions
under which they deem the technology acceptable, and the values they wish to protect or
want the technology to add. By reflecting on the ethical implications of artificial amnion
and placenta technology, ethical considerations can be integrated into the technology’s
advancement.

Despite the importance of involving a broad spectrum of stakeholders, some perspectives
seem to remain absent from current discussions. The perspectives of those not yet en-
gaged—such as parents who have directly faced imminent or actual extreme prematurity
and healthcare professionals actively working in perinatal care—represent a significant
gap in the ethical discourse surrounding artificial amnion and placenta technology. These
groups can provide firsthand insights into the lived realities of extreme prematurity and
the practical challenges and opportunities associated with implementing such ground-
breaking technology. To fill this gap, the second part of this thesis will explore the per-
spectives of Dutch parents who experienced an imminent or actual extremely premature
birth and of Dutch healthcare professionals working in perinatal care.
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The Dutch context of artificial amnion and placenta technology

In the Netherlands, a consortium based at the TU Eindhoven is working on a Perinatal
Life Support (PLS) system.**% Within this PLS-system, the baby would receive oxygen
and nutrients through the umbilical cord and an artificial placenta, allowing the organs
to mature and develop more naturally. The PLS project also aims to overcome the signifi-
cant challenge of pre-clinical safety testing by utilizing innovative simulation technology.
This involves using a manikin, equipped with advanced monitoring and computational
modeling, to simulate the birth of extremely premature infants. This technology provides
valuable insights into fetal status and potential treatments, helping to refine the system
before clinical trials.6*°

Internationally, several research groups are working on developing techniques to mimic
the conditions of the uterus and placenta with the aim to improve outcomes and surviv-
al of extremely premature infants. While the Dutch consortium focusses on simulation
technology for translation to human trials, these international research groups conduct
research on the development of the technology, using animal models. To the best of our
knowledge, there are currently five groups outside the Netherlands developing and test-
ing their models in animals. The group in Michigan (USA) is working on the VV Preemie
ECLS, while the groups in Perth (Australia) and Sendai (Japan) are focusing on their own
model called the Ex-Vivo Uterine Environment (EVE). The team in Philadelphia (USA) is
developing what is perhaps the most well-known model, the EXTra-uterine Environment
for Neonatal Development (EXTEND). Additionally, groups in Barcelona (Spain) and Toronto
(Canada) are also creating their own models.%¢

So, local Dutch advancements in artificial amnion and placenta technology contribute to
the global research efforts in this field. While some themes and issues addressed in this
thesis are influenced by cultural contexts, many of these challenges and insights are rel-
evant worldwide, reflecting the universal nature of neonatal care and research. Through
the results of our research, we aim to support the development of artificial amnion and
placenta technology in an ethically responsible manner.

Outline thesis

This thesis is part of the TINY-study (Toward INdividualized care for the Youngest), a Dutch
research initiative involving three perinatal centers in The Netherlands: Leiden University
Medical Center, Radboudumc Amalia Children’s Hospital, and Erasmus MC-Sophia Chil-
dren’s Hospital. The TINY-study explores stakeholder perspectives on periviability guide-

lines, personalization, parental values, and artificial amnion and placenta technology.*®¢771

The first part of this thesis focusses on the parental values in decision-making at the limit
of viability. The second part of this thesis describes the perspectives of different stakehold-
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ers on the development of artificial amnion and placenta technology as potential future
treatment for extreme prematurity.

Part one: Values in decision-making at the limit of viability

Chapter 1 presents the results of a scoping review on parental perspectives in prenatal
decision-making at the threshold of viability. We explore various studies on parental per-
spectives that are deemed important in decisions at the limit of viability. In the process
of discussing our extracted data and writing the manuscript, Hiske and Dirk Jan - parents
of an extremely premature infant born at a gestation of 24 weeks - collaborated with us
and are included as co-author. Intermezzo 1 offers a personal account by Hiske and Dirk
Jan, detailing their experience with premature birth and their decision-making process.

Chapter 2 describes the TINY-1 study, a qualitative focus group study with adults born ex-
tremely premature regarding their perspectives on what should be considered during the
decision at the limit of viability. This study uniquely incorporates the voices of individuals
living with the consequences of such decisions. Intermezzo 2 features a spin-off article
written by TINY-1 participants, published in the Dutch medical journal Medisch Contact.

Chapter 3 describes the TINY-2 study, which uses individual interviews with parents of
infants born between 23+0 to 26+0 weeks’ gestation. It explores their considerations when
deciding between intensive care and palliative comfort in the “grey zone.”

Part two: Perspectives on the development of artificial amnion and placen-
ta technology as potential future treatment for extreme prematurity.
Chapter 4 provides a systematic review of ethics literature on artificial amnion and pla-
centa technology, focusing on its intended use in extreme prematurity.

Chapter 5 presents our open peer commentary on a review providing an overview of the
current ethical literature on the artificial placenta. In this commentary, we propose a differ-
entapproach on how we believe the ethical debate on the artificial placenta can be enriched.

The TINY-3 study aimed to address a gap in the current literature by exploring the perspec-
tives of various stakeholders on the development of artificial amnion and placenta technol-
ogy, an essential step in the responsible design of new medical innovations. To initiate this
study, we conducted a stakeholders meeting using a guidance ethics approach. Intermezzo
3 provides a summary of the report from this meeting, detailing the different phases of the
guidance ethics methodology. The outcomes of this meeting formed the foundation for the
subsequent TINY-3 studies, which consist of qualitative research designed to capture the
perspectives of parents who experienced imminent or actual extreme premature birth, as
well as healthcare professionals in perinatal care.
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Chapter 6 describes the TINY-3a study, which explores the perspectives of experienced
parents and healthcare professionals on designing responsible first-in-human trials of
artificial amnion and placenta technology.

Chapter 7 describes the TINY-3b study, examining considerations for counseling and in-
formed consent procedures in potential future trials of artificial amnion and placenta
technology.

Chapter 8 described the TINY-3c study, exploring ethical concerns and considerations for
the eventual clinical translation and implementation of artificial amnion and placenta
technology.

Closing pages and recommendations
This thesis ends with a general discussion that summarizes and analyzes the main findings.
It also provides recommendation for clinical practice and future perspectives.
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Definitions and used terms explained

Inspired by the table published in the thesis of Geurtzen.*

Used in the
introduction and
discussion of this
thesis

Limit of viability,
Grey zone

Early intensive care

Palliative comfort care

Value

Value clarification

Artificial Amnion and
Placenta Technology

Description

The stage of fetal maturity that ensures
areasonable chance of extra-uterine
survival. With active intervention, most
infants born at 26 weeks and above

have a high likelihood of survival, and
virtually none below 22 weeks will
survive. The chance of survival thus
increases dramatically over these few
weeks, and this crucial time window may
be considered the period of periviability.

The resuscitation of an infant following
extreme premature birth (including
airway, breathing and circulation
management) and the initiation of
neonatal intensive care

The withholding of early intensive care
allowing parents to hold their baby
following birth. Comfort of the baby will
be assured and the newborn will die

An umbrella term referring to what
matters to an individual, what they hold
in high regard or an ideal, in this context
relevant to a health decision.

The process of exploring what matters to
an individual relevant to a given health
decision. This definition emphasizes that
what matters to an individual might be
broader than attribute-specific values,
but could also include other preferences.

Technology that mimics the function of
amniotic fluid, the amniotic sac and the
placenta, developed as treatment for
extreme prematurity aiming to improve
neonatal mortality and morbidity.

-18 -

Alternatives

Limits of viability
Periviability
Threshold of viability
Extreme prematurity
Border of viability

Intensive care treatment
Resuscitation

(Active) care

(Active) support

(Active) treatment
(Active) intervention

Palliative care

Comfort care

No treatment
Withholding resuscitation

Views

Beliefs
Perceptions
Perspectives
Considerations

Value elicitation
Formulation of values
Exploration of values

Artificial Placenta
Artificial Womb

Partial ectogenesis
Perinatal Life Support (PLS)
EXTEND
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