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Abstract: Pediatric neurodisability describes functional limitations in children with varied severity and complexity often attributed to
brain or neuromuscular abnormalities. The life expectancy of children with neurodisability is improving, but many will require
significant medical support. The gastrointestinal tract is usually affected in children with neurodisability and can lead to a wide range
of symptoms. In gastrointestinal (GI) dystonia, a newly coined term, feeding will trigger a distressing dystonia and symptoms can
improve with cessation of feed. Parenteral nutrition (PN) is often viewed as a viable option in severe GI dystonia or when enteral
feeding does not support sufficient nutrition. The use of PN in children with severe neurodisability is complex. It involves an intricate
interplay between medical, psychological and ethical factors. In the absence of a universally agreed guidance on the use of PN in this
cohort, paediatricians should maintain the individual need of the child at the centre of the decision-making process and work closely
with families and other healthcare professionals before initiating or withholding PN in children with severe neurodisability. In this
article, we discuss the complex and multifaceted approach to the use of PN in children with severe neurodisability and aimed to
explore the medical, psychological and ethical aspect dilemmas facing clinicians looking after children with declining gut function
who may require PN support.
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Introduction

Neurodisability as a term describes a group of conditions (with or without a specific diagnosis) that are attributed to brain
and/or neuromuscular system impairment and creates functional limitations with broad range of severity and complexity.'
The impact of neurodisability may include difficulties with movement, cognition, communication, emotion, and
behaviour. Due to advances in medical care, the life expectancy of children with severe neurodisabilities is improving
albeit with heavy morbidity burden.” The gastrointestinal (GI) system is often affected in children with neurodisability
and a multitude of symptoms are routinely reported, directly impacting survival and quality of life for both children and
their families.’

The complex interplay between the central and enteric nervous systems can partly explain some of the GI
manifestations in children with neurodisability, but the pathophysiological processes driving the GI complaints are
often complex and multifaceted. Medications used in the treatment of neurological conditions can directly induce GI
symptoms and the simultaneous intake of multiple medications (polypharmacy) may adversely affect the gut function.*
GI motility disorders can lead to some of the most distressing symptoms, often characterised by vomiting, feed
intolerance, abdominal pain, constipation, and/or diarrhoea.” GI dystonia, an emerging and poorly understood phenom-
enon is increasingly reported in children with complex motor disorders when feed appears to trigger a cascade of
distressing dystonia. In practice, cessation of enteral feeding will often improve both the GI symptoms and the dystonia.®

Parenteral nutrition (PN) is currently regarded as a standard of care in most health-care systems. There are robust
clinical guidelines advising clinicians on the use of short- and long-term PN and a steady decline in PN-related
complications.”® Our improved knowledge on the direct impact of nutrition on health and disease and the readily
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available standardised PN bags has allowed the safe initiation and maintenance of nutrition in almost all clinical settings.
Although traditionally PN has been used in the context of intestinal failure (IF), it is frequently used in children with non-
Gl-related disorders such as in reversing and/or preventing metabolic decompensation, trauma and supporting recovery
from serious illnesses.” Home PN is also recognised as a safe long-term treatment. Children receiving PN at home for GI-
related intestinal failure are often in full-time education and are increasingly reporting improved quality of life despite
a heavy care burden.” In children without neurodisability, IF (defined as the reduction of functional gut mass below the
minimal amount necessary for digestion and absorption adequate to satisfy the nutrient and fluid requirements for
growth)'® remains the leading indication for paediatric PN. Short bowel syndrome, congenital enteropathies and
paediatric intestinal pseudo obstruction are the commonest causes of IF in children.'’ On the other hand, the medical
literature is acutely short of evidence-based articles in the area of PN use in children with neurodisability. In this article,
we attempt to provide a balanced overview on the usage of PN in children with neurodisability and the complex interplay
facing healthcare professionals and carers when considering PN in children with severe neurodisability.

Gl Function in Children with Neurodisability

Many conditions can affect the gut function in children with neurodisability; some can directly lead to IF, but many can
result in a sustained state of chronic nutritional inadequacy.'? The overall clinical picture is complicated by the absence
of a standard nutrition assessment tool for children with neurodisability.'* The causes of declining gut function in
children with neurodisability can be summarised into:

(a) conditions that lead to increased GI losses such as vomiting (or gastrostomy losses) and/or diarrhoea,
(b) conditions leading to reduced intake such as feed intolerance, pain with feeding and GI dystonia,

(c) major GI motility disorders such as intestinal pseudo obstruction,

(d) the natural decline of gut function associated with severe neurodisability.

Management of GI complaints in children with neurodisability has vastly improved over time through a streamlined
multidisciplinary approach, improved management of extra intestinal systems (in particular epilepsy and respiratory
therapies), increased provision of gastrostomy/gastrojejunostomy tubes and the ready availability of nutritionally
complete liquid feeds have contributed to the overall improvement of nutrition and wellbeing of children with
neurodisability.'* GI specific investigations and management strategies have also evolved and improved. Endoscopies
and various motility investigations allowed an accurate identification of GI conditions and facilitate individualised
management plans. New drugs (prokinetics, laxatives and neuropathy management agents) are offering additional options
for refractory GI disorders and alleviate some of the distressing symptoms commonly experienced by children with
neurodisability.

Parenteral Nutrition Use in Paediatric Neurodisability
Small but increasing numbers of children with neurodisability are presenting with frank IF or IF-like disorders resistant
to standard medical management. Some children are presenting with pain and/or severe dystonia upon using the GI tract
and symptoms are often reported to abate with gut rest.'? Short and infrequent periods of gut rest and intravenous
hydration are usually well tolerated, but prolonged or frequent cessation of feed may lead to significant nutritional deficits
and starvation. In this setting, PN becomes the only viable option, particularly if the child is not on an end-of-life
pathway. A handful of papers (mostly case reports and small case series) have reported on the successful use of short-
and long-term PN in children with severe neurodisability and many centres are increasingly offering PN at home.'>'>¢
PN is expensive, resource intense and can be associated with serious adverse events, but the benefits of using PN in
the right clinical context far outweigh the risks and the use of short-term PN is regarded as a standard clinical care in
most countries. The costs and risks are exponentially increased with long-term and Home PN.'” Home PN has
significantly improved children’s quality of life and allowed participating into many childhood activities but it is mostly
regarded as a temporal measure with a long-term goal of achieving enteral autonomy.”'® Intestinal transplantation is
often considered in patients on Home PN who are unable to achieve intestinal rehabilitation.
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Initiating PN to support an acute event in children with neurodisability is regarded as routine practice in many clinical
settings and will generate no controversy. However, many clinicians will feel uncertain about starting long-term and/or
Home PN in children with severe neurodisability'* due to combinations of medical, ethical and psychosocial factors as
explored below.

Medical Factors Affecting PN Utilisation in Neurodisability

Diagnostic Uncertainty

Many children with severe neurodisability will reach the point of long-term PN after a protracted and often difficult
period of ongoing GI symptoms. Most would have been extensively investigated and considerations would have been
made for treatable and reversible causes of gut decline. In the neurologically able child, the indications for long-term PN
has been stretched to cover some poorly understood conditions (such as paediatric intestinal pseudo obstruction) and are
also extended to cover an ever-expanding non-Gl-related conditions such as malignancies, trauma, supporting major
surgeries and organ transplant.'>?® A common theme in all these conditions is the presence of a clear diagnostic pathway
and a defined exit point (enteral autonomy from PN or intestinal transplantation).

The clinical dilemma in the case of children with neurodisability can arise from the absence of definitive aetiological
causes for their GI symptoms and the unsuitability of the existing investigations for this group of children. GI dystonia is
yet to be defined as a clinical entity. It has no pathognomonic symptoms or diagnostic tools. GI motility disorders
(dysmotility) are commonly used to explain heterogeneous GI symptoms in children with neurodisability'; however, it is
generally a non-specific umbrella term which covers a range of disorders.”> GI motility investigations are used to study
the motility of different parts of the GI tract and to ascertain symptom correlation. Proxy symptom reporting, as is the
case in most nonverbal children, will produce inaccurate symptom association in some tests (such as multichannel
intraluminal impedance and pH studies (MII pH)) and currently, there are no normal values for MII pH to cover children
on gastrostomy or gastrojejunostomy feeding.”® Standard protocol oesophageal manometry will require oral intake and
a certain level of patient cooperation and understanding, limiting its yield in severe neurodisability.” Antroduodenal and
colonic manometries are invasive and only available in few specialised centres; furthermore, the interpretation of results
and their utilisation in altering clinical patient care is yet to be fully explored.”* Other specialised GI motility
investigations such as breath test, MRI and wireless motility capsule are challenging to perform in children with severe
neurodisability.

It is worth noting that, in different clinical settings, the presence of diagnostic uncertainty or the lack of evidence did
not hinder the usage of PN in paediatrics. On the contrary, the recognition of the vital role of nutrition has resulted in
expanding the use of PN to cover many disorders that adversely affect nutritional intake as detailed above.”> The
evidence often follows by retrospectively researching the outcomes of PN usage in a particular patient cohort.

No Clear Exit Point

Long-term PN and Home PN are often used with the long-term goal of eventually reinstating enteral feeding and
stopping PN. In certain circumstances, this may have a clear time frame, e.g. pre/post major surgery, cancer care and
organ transplant.”® While in others, the duration of PN usage is less relevant, but the aim remains certain, such as full
enteral autonomy in cases of short bowel syndrome or intestinal transplantation in cases of congenital enteropathies.”’**
The presence of a clear objective may help children and their families to engage with the heavy burden of Home PN and
the social restrictions that are associated with it. The support of intestinal rehabilitation teams and the multidisciplinary
approach has led to significant improvement in the outcomes of children receiving PN at home.

In children with severe neurodisability, achieving the goal of full enteral autonomy from PN may become less certain
and it might not be possible to stop, or indeed even wean long-term PN. This is partly due to the lack of understanding of
the pathological process causing the decline in gut function in children with neurodisability or the fact that such
deteriorating may represent a process of pre-terminal regression.

However, the picture has not always been that clear even for children without neurodisability. In the first few decades
of the universal uptake of Home PN, it was not certain if children with ultra-short bowel syndrome would ever wean
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down PN, nor was it possible to confidently predict the survival of children with severe congenital enteropathies. Prior to
the success of intestinal transplantation, there was no defined exit point for children with irreversible IF. Continuing
provision of Home PN allowed improved understanding of the natural history of these once evolving conditions and
bought vital time for medical research to produce and trial novel treatments and therapies.?’*°

It can be argued that IF in children with severe neurodisability is an evolving disorder and the use of long-term PN
will support children through the natural progression of the condition. Nevertheless, the provision of PN in this setting
should still be safeguarded with outlining clear goals and objective. This will enable clinicians to successfully work in
partnership with families on regular reviews of the agreed outcome measures. If the outcomes are not achieved, the

discussion should include the value of continuing the provision of PN.

Ethical Factors Affecting PN Utilisation in Neurodisability

The ethics around invasive nutrition in children with severe neurodisability is convoluted and complex. Medical ethicists
have long argued the definition of good medical ethics. The long-held belief of the four principle approach encompassing
beneficence, non-maleficence, respect for autonomy and justice is often criticized and regarded to be in need for
overhaul.>**! However, in the absence of a universally agreed alternative ethical approach, the four principles provide
a reasonable moral and ethical analytic framework upon which an argument can be constructed on the use of PN in
children with neurodisability.

Beneficence

Beneficence, or simply to do good is the most easily understood principle when discussing advanced nutrition in
children with neurodisability. The benefits of nutrition in maintaining health and the role of malnutrition in driving
frailty are well documented in medical literature.>? Long-term PN is deeply ingrained in the palliation of terminally ill
patients, without which, these patients will cruelly die of starvation and malnutrition rather than the pre-existing
terminal condition.*?

In gastrointestinal dystonia, a neologism of feed-induced dystonia in children with severe neurodisability, feeding
becomes a distressing experience, triggering painful muscle spasms and often a sleep disruption. Although some children
were reported to improve with jejunal feeding,® the majority will reach symptom respite with gut rest. To combat the
extended periods of starvation, often associated with increased energy expenditure secondary to muscle spasms, PN is
usually initiated and has been reported to achieve positive clinical outcome in relieving dystonia and maintaining
adequate nutrition.® Some children are unable to return to full enteral nutrition and the number of children with severe
neurodisability on Home PN is gradually increasing.'”

There is no universal agreement that gastrointestinal dystonia is a terminal or a pre-terminal event and the condition is
actively being studied. An argument can be made to sustain the life of the affected individual until medical research can
achieve a better understanding of the pathophysiology and treatment of this disorder.

Non-Maleficence

To do no harm, clinicians must exercise extreme caution when the balance of an intervention is tilted towards causing
damage. Long-term usage of PN can be associated with central venous catheter-related bloodstream sepsis, liver disease,
thromboembolic phenomenon, and loss of vascular access.*® There is an improvement in the trends of all these
complications due to medical advances and the proactive multidisciplinary approach to PN care.>* Nonetheless, these
are serious complications and some children with neurodisability may have a pre-existing predisposition to certain PN-
related complications. In this scenario, PN usage should be carefully considered and the risk/benefit balance meticulously
scrutinised.

On the other hand, from an ethical standpoint, withholding PN from children with neurodisability who are unable to
feed due to prolonged episode of gastrointestinal dystonia can directly cause harm through the negative impact on their
nutritional status.>?> Uncontrolled starvation (outside the context of palliative care) can lead to malnutrition and will
significantly increase the incidence of multisystem morbidity and mortality.*
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Respect for Autonomy

Respect for autonomy often generates a vigorous debate among ethicists as it can be perceived to contradict the other
pillars of four principle biomedical ethics.’*>° An autonomous patient can request a particular treatment or make a poor
decision based on informed choice, but doctors have a firm moral obligation to benefit their patients, particularly if such
a request countervails the principle of do no harm. Respect for autonomy does not equate to giving patients whichever
treatment or intervention all they may want. It is rather a deliberation and not a simple choice. Autonomy should also be
viewed in equal weighting to the other three of the four principles of medical ethics.

Children with severe neurodisability might not be able to express independent autonomous views on PN. Their
parents’ opinions are often interpreted to represent the child’s best interest. Clinicians should work with families to
explore the impact of PN on the individual child. They should assess the desired benefits of symptom control against the
medical risks and the restrictions brought about by the long-term use of PN, such as the increased in the frequency of
medical interactions and the limitation to activities during infusion time. An independent review is often thought to
advocate for the child’s view in the events of disagreement between parents and healthcare professionals and many
organisations routinely rely on a dedicated ethical committee to provide an impartial review.'*

Justice

Justice involves a non-discriminatory fair distribution of resources. Long-term PN is an expensive and resource intense
intervention, it should be used appropriately after careful patient selection to avoid wasting resources. The benefits of
adequate nutrition and the risks of inadequate nutrition are unequivocally proven in medical literature and are universally
regarded as essential medical intervention.>? In the absence of clear harm (to individual or resources), the use of long-
term PN in children with severe neurodisability should be diligently considered for each child based on their individual
medical circumstances.

Psychosocial Factors Affecting PN Utilisation in Neurodisability

The burden of raising a child with severe neurodisability should not be overlooked during the consideration of long-term
PN. Although the primary focus of any medical intervention should solely be on the child, the complexity and
subjectivity of symptoms around feeding should also be acknowledged. Distress in children with severe neurodisability
can have multiple causes, and it may prove difficult to ascertain a correlation to the gastrointestinal tract.’” Pain in
children with communication difficulties is also directly associated with high level of parental stress, which in turn will
impact on their ability to care for their child or work in harmony with healthcare professionals.*® The level of depression
in parents of children with neurodisability can be high and mental health struggles should be explored and supported
during the process of PN consideration.”” Any ambiguity regarding the origin of the child distress or the association with
feeding should be clarified and the symptoms objectively assessed and verified. In some instances, this may require
a period of direct observation by healthcare professional before invasive nutritional interventions are considered.

It must also be said that raising a child with severe neurodisability will undoubtedly bring positive feelings in many
families, and many parents work in congruence with healthcare professionals.*” The association between feeding and
a child’s distress can also be very clear due to the evident relief brought about by cessation of feed.

In many developed countries, initiating long-term PN in children with neurodisability will be supported by various
packages of care and may not be a burdensome undertaking for parents. However, there may be a huge variation in the
level of support provided to these families and therefore a detailed scrutiny of responsibilities should be a routine part of
assessment for suitability of Home PN for children with neurodisability.

Finally, the psychosocial impact of long-term PN on children with neurodisability should not be overlooked. PN bags
and tubing should be protected from light and should ideally be infused overnight to additionally minimise the disruption
to daytime activities. It must be considered that overnight infusions may affect sleep quality and prolonged infusion times
may severely limit the child’s schooling, leisure and personal interactions.

In conclusion, providing long-term PN to children with severe neurodisability can be complex and multifaceted and
will require meticulous considerations, discussions and planning. The process can raise many ethical and practical
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hurdles but healthcare professionals should maintain the child’s best interest and wellbeing at the centre of all decision-

making. The decision whether to initiate or not initiate long-term PN should be tailored to the individual child and their

family. Clinicians should also acknowledge the limitation of medical evidence in this area and should consider an

impartial ethical review in cases of uncertainty.
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