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SUMMARY

The last two decades have seen an increased drive to administer parenteral nutrition
(PN) to patients in their home environments, thereby reducing associated hospital

costs and improving patient quality of life.

The occurrence of derangedutritional biochemistry results has baffled PN experts
for years because PN additives are marketed for the general needs of patients and PN
EO OAEI T OAA O1 AAAE DPAOEAT 660 OANOEOAI AT OO0 j

This thesis documents the investigation into HPN population characteristics, the
extent of nutritional abnormalities (deficiencies and excesses) in a cohort of LT PN
patients in Wales. Both crosssectional and longitudinal retrospective study designs
were employed alongside smalkcale laborabry efforts to investigate stability of

vitamin D in PN additives using High Performance Liquid Chromatography (HPLC).

Characteristics of the HPN population in Wales were shown to be variable in terms of
PN requirements for a predominantly female sample gpulation (2:1); in whom

78.6% of patients received PN for indications relating to short bowel syndrome (SBS).

A database analysis of micronutrient test results revealed a high prevalence of
deficiencies of vitamin D and selenium, as well as excesses @nganese and water

soluble vitamins; which can lead to clinically relevant effects in patients.

The sample population was shown to have impaired bone health since first receiving

PN; respective sites of the femoral neck and total hip presented 58% and 8% of

patients had osteopenia, while 28% and 19.6% had osteoporosis. Evidence in the
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inadequate vitamin D status.

A final study exploring the adequacy of the trace elenm¢ (TE) preparation
Additrace®, found it lacking in selenium and excessive in manganese for the general
requirements of the PN population. Cliniciardirected supplementation of PN outside
of Additrace® was associated with better micronutrient status in paients and more

test results within range.
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1.1. INTRODUCTION TAPARENTERAL NUTRITIOI (PN) AND HPN
1.1.1. PN

PN is a intravenous (IV) mode ofnutritional therapy established for patients
who are intolerant of, or those who cannot receive adequate nutrition via the
oral or enteral route. Over the last 40 years, it has allowed patients to lead as
normal a life as possible, free to cdmue with their day-to-day activities. It is

a complex nutritional admixture composed of many different chemical entities
which must be chemically, physically and microbiologically robust in order to
be safely administered to the patien{White 2011). Home parenteral nutrition
(HPN) refers to PN given as nutritional therapy to patients in their domiciliary
home environment. This falls in line with recent NHS efforts to treat geents

at home, in so doing it helps to reduce the burden placed on hospitals, reduce

associated costs and improve clinical outcomg®epartment of Health 2009)

0. EO 1 £0A1T OA EAQORIAsendd it akn® to Qrovid® thé 6
complete nutritional needs of the patient without any significant enteral
intake. However PN can also be given spfementary to nutrition consumed
via the gastrointestinal (Gl) tract in those patients still capable of oral or
enteral feeding(Rye and Nightingale 2015) HPN can be provided to patients
in both these forms, as either their sole source of nutritioror supplementary

to what they are capable of consuming orally or enterallyPertkiewicz et al.
2009). In this way, the PN formulation is adapted to suit the individual needs

of the patient.

The basic formula for PN includes a mixture of lipid (as an emulsion),
carbohydrate (as glucose solution), amino acid solution (including essential
and non-essential amino acids), vitamins, trace elements (TE), electrolytes and

water, and can be produced as:

- 03 0AT A A@AdS) ardpkecGmpounded prefilled PN bags These
are licened readyto-use pharmaceutical products wih a set
formulation, produced for convenience to cater for more generalised
nutritional needs with longer shelf lives and without the need for
refrigeration. These can be given with or without subsequent additions

of electrolytes and/or micronutrients (standard vs tailored regimen),
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although the National Institute for Health and Care ExcellencéNICE)
guidelines state that all patients should receive appropriate provision

of micronutrients in their PN from the outset of feedingNICE 2006)

- 0" AODPI EAS abehdmPoundeBArdmiir@iGdual components as
per individualised patient needs, usually for patients with sensitive

and/or long-term requirements (outside of remit of standard bas).

Lipid, glucose and amino acids comprise the main components (maero
nutrients) of PN. Vitamins and TE collectively are known as micronutrients,
with electrolytes sometimes falling into this category as well. TE are inorganic
elements included as integal parts of metabolically active organic complexes
such as enzymes (e.g. iron, zinc). Vitamins split into two broad categories,

either fat-soluble or water-soluble vitamins.

There is a wide range of commercially available standard bags to meet the
variable needs of PN patients cared for by hospitals without or with limited
compounding facilities. The general advantages of using standard prefilled PN
bags are that they avoid the need to compound bags locally, and avoid the costs
associated with buying inbespoke or aseptically prepared bags. Also, they do
not require refrigeration, which makes them a useful option for stable home
PN patients for short periods away, e.g. for holidays. As bespoke bags require
sterile aseptic preparation conditions,American Society for Parenteral and
Enteral Nutrition (ASPEN have recently issued standardised competencies
and safe practice recommendations regarding their order, review, preparation
(including compounding) to reduce risks from differences in local procedures
(Boullata et al. 2016) as yet there are o formalised recommendations for

standardised competencies from European or UK PN working groups.

1.1.2. Indication for PN

PN is used in the treatment of patients with longerm (LT) chronic conditions.
HPN patients are often maintained on PN for long periods of time and may
OANOEOA AITOA TTTEOIOEITC AT A OAEITOET C T/
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duration of least six months within which patients have been receiving PN.

NICE has clearly defined candidates for PN as being those who are
malnourished or at risk of malnutrition as well as being gher unsafe for oral
nutrition or having functional problems associated with the Gl tract(NICE
2006). As such, LT PN is indicated for those with chronic intestinal failure (IF),
in particular IF type 3, a condition characterised by reduced intestinal
absorption to the extent where HPN therapy is needed to maintain health
and/or growth (Pironi et al. 2015). The most commonly implicated underlying
diseases which contribute to IF are inflammatory bowel disease (IBD),
complications following surgery, mesenteric vasculitis, radiation enteritis and
chronic short bowel disease with severe malabsorption and dysmotility
syndromes (Staun et al. 2009) The indications for LT PN for ptients with
chronic IF are typically short bowel syndrome (SBS), fistula, bowel dysmaotility
and radiation enteropathy (Nightingale 2006; Staun et al. 2009)SBS has been
defined asa state of malabsorption following intestinal resection where there
is less than200cm of remaining intestinal length (Robinson and Wilmore
2001; Buchman 2006) However in practice it is when there is less than 100cm
of remaining short bowel that patients risk undernutrition and interventions
requiring LT PN may be necessar{S Harwood, A Juckesune2015, personal
communication). Practcally, it can be hard to ascertain the remaining length
of bowel or its remaining functionality in these patients; estimations are
usually made at the end of surgical procedures. Cancer patients who
experience severe malnutrition and weight loss are alsocandidates for PN to
improve their nutritional status before surgery or therapy (Sexton et al. 2009)
The chronic nature of all these conditions mean that people often require PN
for long periods of time, which makes home administration very beneficial.
The goal for many patients as tly recover from their iliness or surgery would
be that they are able to consume adequate oral or enteral nutrition and not
require further PN therapy; however this possibility decreases with the
OAOAOEOU 1T £ OEA DPAOGEAT 006 Heit Bdading ET C AE

functional bowel and their ability to sustain themselves nutritionally;
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ultimately resulting in patients necessitating the use of PNightingale 2006;
Van Gossum et al. 2009; Rye and Nightingale 2015)

PN is also needed for a shorter duration of time by patients in hospital who
have more selflimiting conditions which put them at risk of malnutrition, as it
has long been acknowledged that maintaining adequate nutrition is associated
with better clinical outcomes (Studley 1936; NICE 2006) A recent national
enquiry identified that 93% of patients receiving PN in hospital required PN
for less than 30 days(n=1053)(Stewart et al. 2010). This figure mainly
resulted from post-surgical complications for those patients requiring the
need for nutritional support. It helps to show the small proportion of patients
who require LT PN as an inpatient by comparison to those whreceive it

short-term for more acuteconditions/indications .

1.1.3. Background for HPN

The field of HPN is a diverse setting with many differing practices and
guidelines between continents(ASPEN Board of Directors and the Guidelines
Clinical Task Force 2002; Staun et al. 20097 his is thought to be due to the
different approaches in handling such a relatively small, complex group of
patients, who have suhb different and individual problems in terms of their
underlying disease and specific PN requirements. In the UK, HPN patients are
managed out of specialised HPN centres catering for broad surrounding areas.
AEA 1 AOCAOGO (0. AAT OOiAGondardaBd Hope Bi@spital AOE S O  (
in Salford, Manchester. In Europe, HPN practices were first initialised in
specialised centres like these which developed expertise over time. However
Pironi et al. (2006) expressed concern over a potential loss of expertise when
their survey revealed that 50% of forty-one centres in Europe catered for less
than ten patients. Another concern being the growing use of standard aii-
one PN bags with longer shelf lives overhe practice of more precise
prescribing on an individual basis for clinically sensitive and unstable HPN
patients (bespoke PN formulationsYBPNG 2010)

Commercial homecare companies are involved in the manufacture and

distribution of PN from these centres(Jones 2003) In 2010, companies such
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as Calea, Baxter and BBraun provided HPN services for all new patient
registrations as well as up to 94% of the patients already maintained on LT
HPN (Smith et al. 2011) demonstrating the dependency of HPN patients on
these services. Although providing PN in a home setting has proven expensive,
it appears to cut the total management costs by around a half by comparison

to hospital-based managemen{Howard 2006).

Although PN is an artificial source of nutrition aiming to nutritionally mimic a
healthy, well-balanced oral diet, its use still carries certain risks and
complications. Patients receiving LT HPN receive a fixed nutritional PN
regimen with less control over their nutritional intake by comparison to
healthy individuals who are not on PN. Changes to their PN regimen may only
occur after clinical review or intervention. As such, abnormalities of
nutritional balance are known to occurin HPN patients as theirnutritional
requirements change over time. Although HPN has proven a lifesaving therapy
for more than four decades, its use is associated with complications that
compromise B A O E lalflyOdd life (QOL) Most problems relate to the
presence of the venos access devicdo administer PN and concern line
infections, sepsis, risk of pulmonary embolism or vascular occlusion; patient
training is a key factor in preventing these complications. Patients are
susceptible to other noteworthy complications which include metabolic
complications, cholestatic liver disease, fatty liver and exacerbation of

systemicinflammation (Meadows 1998; Berger 204).

1.1.4. Monitoring in LT HPN

Patients on LT PN require monitoring to ensure they receive best effect from
their HPN therapy. This is with particular reference to the provision of calories
and fluid from parenteral nutrition to meet the individual patient

requirements.

Monitoring usually occurs at the discharging base hospital (usually a HPN
centre) via access to a specialised nutrition support tearfMicklewright et al.
2002). It is essential for evaluation of the clinical effect of PN therapy and for

management of any associated complicatns.
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Key monitoring milestones recommended by The EuropeanSociety for
Clinical Nutrition and Metabolism (ESPEN include measurement of blood
biochemistry and anthropometry at all clinic visits, micronutrient
measurement at intervals of at least six months and bone mineral density
(BMD) assessment by duaénergy xray absorptiometry (DEXA) scanning at
yearly intervals (Staun et al. 2009)

A stablke patient would be well maintained on their PN feed and over time
would show consistent blood test results within their reference range limits.
Typically, the unstable patient requires closer attention and more frequent
monitoring than a stable patient. Fo instance, closer adjustment of their PN
prescription in relation to their blood test results. Monitoring for an unstable
patient would occur at weekly or monthly intervals, while stable patients
would be monitored at two to four monthly intervals (Staun and Pironi 2015)

In practice, stable patients are monitored in the IF clinic at least every six
months at the site used in this researchCardiff and Vale University Health
Board (C&V UHB.

1.1.5. HPN prevalence

Epidemiological data has shown that the use of HPN has grown oué&e last
four decades, particularly in the 1990s(Van Gossum and Messing 1997;
Glencorse et al. 2003; Smith et al. 2011 auses are thought to centre around
growing experience of specialised centres, increased survival of HPN patients
and increased costeffectiveness in the treatment of patients with benign

disease, as well as the development of home care service provision.

It has been difficult to ascertain the point prevalence for the number of
patients receiving HPN in the UK. In the UK, the British Artificial Nutrition
Survey group (BANS) keep a register for the number of people on HPN
(Glencorse et al. 2003) They are a committee of British Association for
Parenteral and EnteralNutrition (BAPEN who report on data and trends of
adults and children receiving LT enteral tube feeding or PN in the Usmith

et al. 2011) The 2011 BANS report documented the point prevalence statistic
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of 8.40 per million which roughly equated to 531 patients receiving HPN in the
UK at that time (Smith et al. 2011) However, this figure should be interpreted
carefully because the rport documented grossunder reporting of HPN
patients, particularly in Wales. At a recent conference, the estimated number
of patients registered as receiving HPN in the UK was stated to rest somewhere
around 1800-2000 (Smith 2015). More recently, the latest BANS report
detailed arecord for the number of patients registered as receiving HPN in UK
as a period prevalence of 1360 patients in 2015/et there are still reservations

regarding its true accuracy(Smith and Naghibi 2016)

HPN patients in Wales are managed via one large beacon HPN centre in Cardiff
and two smaller HPN centres in Swansea and Wrexham. Aftpersonal
communications with the HPN Nutrition Support Team (NST) at C&V UHB, an
accurate point prevalence was obtained for the number of HPN patients in
Wales. As of July 2015, there were ninetgight adult patients registered as
receiving LT HPN in Walegninety-three in Cardiff, three in Swansea and two

in Wrexham).

Although HPN is a smalkcale service area, it is clear to see that its provision

is a unique and distinctive feature of current healthcare and nutrition practice.

1.1.6. Homecare services

Under the Welsh Health Specialised Services Committee (WHSSC) HPN policy
contract, WHSSC will fund HPN for adult and paediatric patients with LT IF
who are either awaiting reconstructive surgery leading to restoration of gut
continuity and function, or for those with irreversible IF (except patients who
require short term feeding). The contract also allows funding for a nurse to
assist with administration of PN if the carer and/or patient are unable to

administer it themselves.

The process typically invoves management of patients with IF within a HPN
centre base hospital i.e. Hope Hospital, Salford Royal NHS Foundation Trust
and University Hospital of Wales, C&V UHB. The contract permits preparation

and delivery of PN from a home care company, in this itece Calea. Patients
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are referred to the homecare company by the NST at the base hospital.
Sometimes exceptional grounds for funding is considered when patients do
not meet the explicit criteria and an Individual Patient Funding Request (IPFR)

can be madeo WHSSC.
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1.1.7. Initiation for LT PN (flow diagram)

The flow diagram in Figure 1.1 depicts the standard procedure for the

initiation of a patient on LT HPN.

A patient is identified with a need for LT PN, usually at base hospital (e.

post-surgery or via referral).

v

The patient successfully qualifiesas a candidate for HPN. Exclusias based

on several factors: intellect, physical disability, social situation, underlying

disease and age (Micklewright et al. 2002)

v

NST complete contract and financial arrangements with the homecare

v

Patient (or carer) undertake training in aseptic technique for the

company to provide PN services

administration of HPN (efore dischargg.

OEAOIi AAU ET POOg AOOATGCAIAT O TAE b

hospital PN requirements, blood biochemistry, potential stoma losses

remaining functional bowel, underlying disease)and liaison with homecare

v

Upon hospital dischargethe patient is provided telephone contact details for

company.

complications and advice

v

Homecare company provide administration equipment (e.g. infusion pump

and nurse assistance if necessary

v

Patient is reviewed in intestinal failure (IF) clinic. Early and nore frequent

review initially , thenwhen the patient is consideredstable, six monthlyreview

where possible

Figure 1.1. Flow chart to show initiation process for patients orL, T HPN
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1.2. COMPONENTS OFNPAND TYPICAL PATIEN REQUIREMENTS

For patients who are still able to consume nutrition orally, the extent should
be taken into account in the first instance to gauge estimated patient
requirements; alongside other factors including knowledge atfheir remaining
gut anatomy, Gl absorption,ntended activity needs, underlying diseases and
any fistula/stomal losses. As such, patient PN requirements vary considerably
AT A AOOOAT O OOOAT AAOA3 AAcCO AEI Ol
patients who are initially commenced on PN, their requements are based on
best estimates and then further refined over time according to the state of

hydration and target weight as well as their personal preferences.
Table 1.1 summarises guidelines for typical adult nutritional requirements

(before GI loses are taken into account). The individual requirements are

further discussed throughout this chapter (Section 1.2.1.).
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Table 1.1: Typical adult nutritional requirements for PN

Nutrient Estimated patient requirements Reference
(before Gl losses taken into
account)
BW=body weight
Nitrogen 0.14-0.2 g nitrogen/kg BW/day (Elia 1990)
(excluding
amino acid
source)
Protein ESPEN: unstressed adult HPN (ASPEN Board of
(amino acid) | patient requires 0.8&1.0 g/kg BW Directors and the
per day. Guidelines Clinical
ASPEN: 0.2 g/kg BW/day. Task Force 2002;
Staun et al. 2009)
Carbohydrate | 25735 kcal/kg BW/day (ASPEN Board of
(glucose) Directors and the

Guidelines Clinical
Task Force 2002;
NICE 2006)

Lipid Between 1 g/kg BW/day and 1 g/kg | (Dupont et al.
BW/week. Risk-benefit analysis 2015a)

between essential fatty acid
deficiency and intestinatfailure
associated liver diseas¢IFALD).

Water (fluid) | 30-35 mL/kg BW (Tyler 1989)
Sodium 1-1.5 mmol/kg BW (Micklewright and
Potassium 1-1.5 mmol/kg BW Todorovic 2011)
Magnesium | 0.1-0.2 mmol/kg BW

Calcium 0.1-0.15mmol/kg BW

Phosphate 0.5-0.7 mmol/kg BW

Chloride 1-1.5 mmol/kg BW

1.2.1. Energy sources and provision in PN

Glucose and lipid comprise the main sources of energy in PN with
recommended glucose requirements set at-8g/kg body weight/day (Staun
et al. 2009) Most patients are provided with lipid yet efforts are made to
ensure its longterm provision is kept below 1g/kg body weight/day as over
provision is associated with chronic cholestasis andFALD (Cavicchi et al.
2000; Staun et & 2009). On the other hand, caution needs to be taken with

glucose provision as excess causes hyperglyraia and likewise liver damage,
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as evidenced byderangedliver function tests (LFT9 andOOA A OT OEOT O AAOOU
in which case, calculation of glusse oxidation rate gives an idea of the

i AGEi O AiT 010 1T &£ ¢l OAl OA Al (Hail &BIOEAOAIT &6
2009; Rye and Nightingale 2015) Initially, patients are given glucose and lipid

at a ratio of 50:50 (or 60:40), as provided by most triple chamber bags; in

subsequent months this ratio is then reduced to 70:30 (or 85:15) for patients

with long-term PN requirements (Staun et al. 2009) If patients show evidence

of deranged liver function e.g. raised LFTs, cholestatic liver disease, then

considerationis given to reducing or stopping parenteral lipid provision.

It is worth noting that the source of lipid incorporated in PN differ between
manufacturers. Lipid emulsions containindong-chain triglycerides (LCT) (e.qg.
Intralipid ®) or a mixture of LCTand medium-chain triglycerides (MCT) (e.g.
Lipofundin®) have proven estdlished use in PN. Meanwhile, more recent
olive oil (e.g. SMOFLIipid®, Clinolef®) and structured lipid emulsions (e.g.
Structolipid®) have also been safely used in PN, yet this area still requires

significant research to consolidate their preferential us€Dupont et al. 2015a)

1.2.2. Carbohydrate provis ion in PN

Carbohydrate intake accounts for 4855% of total dietary energy intake for
most industrialised countries (Tappy 2015). Carbohydrates have a variety of
forms, complex carbohydrates e.g. starch, disaccharides or simple sugars (e.g.
glucose, frucbse). Only glucose can be used as a carbohydrate energy
substrate in PN since no enzymes exist outside the gut to break it down from
more complex forms e.g. disaccharides, and fructose provision has been
associated with adverse effect¢Bode et al. 1973) consequently PN patients
receive a greater proportion of carbohydrates as simple sugarthan the
general population. Glucose is used by all cells in the body and is the sole
substrate used by the brain in regular, norstarved conditions. For people not
requiring PN, after administration of a carbohydraterich meal, some glucose

is temporarily stored as hepatic glycogen so that it is readily available when
glucose absorption declines; however this capacity is limited td 100g (Tappy
2015). By comparison to administration of PN containing high amounts of

carbohydrate, the temporary glycogenstores become saturated and excess
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deposition of intracellular lipids in organs and tissues, notably the liver, where

over provision of glucose in PN is known to result in hepatic sé&tosis (Hartl et

al. 2009). For this reason, carbohydrate content in PN should be optimally

rationalised to prevent overprovision. Carbohydrate delivery in PN patients

differs to that of a normal feeding pattern in the general population in that it

EO CEOAT AT 1 OET O1 001 uh xEOE AT 1 OGANOAT O O

lipogenesis; prevention lies in limiting exess glucose administration.

1.2.3. Lipid provision in PN

Healthy adults on an oral diet have recommended lipid requirements of-1
1.5g/kg/body weight/day. There exists a benefitrisk ratio analysis for the

provision of lipid in PN and research suggests #t lipid provision in PN should

not exceed 1g/kg/body weight/day for those on LT PN(Cavicchi et al. 2000)

The rationale for inclusion of lipid in PN is based upon the limited capacity for

an individual on PN to oxidise glucose, alongside the provision of a calorie

dense and rapidly usableenergy source (9kcal/g metabolised fatty acids).

1 0T h AU OOPPIUETC 1 EPEA O DPAOGEAT OO0 1T1A
OANOGEOAT AT 0O j A8 GlholehiEdcit) lad iefl as Aok solbleAT A |
vitamins (Jeppesen et al. 997). Lipids additionally have key bodily roles in
phospholipid composition of cell membranes, receptor activities, cell
signalling, cytokine function and gene expressiofMWanten and Calder 2007)

These factors lead to a consensus opinion for the advantages of lipid provision

in PN over the concerns for its adverse effects, with particular reference to

liver health (Dupont et al. 2015b) Lipid stability and decomposition in PN is

still being researched, and as yet the clinical effects are still relatively
unquantified. The potential for lipid peroxidation to occur can result in

harmful labile peroxide radical species,Biesalski (2009) recommends the

adequate provision of vitamin E as an antioxidant to ensure patient vitamin E

requirements are met for the neutralsation of lipid peroxides.
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1.2.4. Protein provision in PN

All adults require amino acids for various functions as structural proteins
(muscle and collagen), plasma proteins (e.g. albumin, haemoglobin) and other
specialised proteins (e.g. enzymes, cytokise hormones, carrier/signalling
proteins). Protein is provided in PN as solutions of mixtures of essential and
non-essential amino acids; examples include Aminovénand Intrafusin®. An
amino acid intake of 0.8 g/kg/day is generally recommended for adult geents
with a normal metabolism, which may be increased to 1Z4.5 g/kg/day, or to
2.0 or 2.5 g/kg/day in exceptional caseqStein et al. 2009) Sufficient non
nitrog en energy sources (e.g. carbohydrate and lipid) should be added in order
to assure adequate utilisation of amino acids. Usually the gut mediates control
of ingested protein and intermediary amino acid metabolism. When PN is
administered, the protein sparing-function of the gut is bypassed; for this
reason longer durations of PN administration are preferable to mimic nitrogen

and protein homeostasis of regular adult§Soeters and Van de Poll 2015)

1.2.5. Water and electrolytes

Patient PN flud requirements aim to ensure patients are well hydrated, taking
into account any fluid and/or stoma losses as well as fluid cover for days when
they do not infuse. Fluid requirements can var greatly depending on gut
anatomy and underlying disease stateStaun et al. 2009; Rye and Nightingale
2015). Initial requirements are based upon a best estimate and then further
refined according to state of hydration (both patient reported and as
evidenced by urea and creatinine resi$) as well as patient preferences in
terms of length of PN administration (larger PN volumes requiring longer PN
administration times) and/or nights requiring PN. Ideally, clinicians aim for
patients to achieve a 1L/24 hour urine output with a random urire sodium

level above 20mmol/L (Rye and Nightingale 2015)

For electrolytes, baseline requirements are calculated (see Table 1.1) and are
then refined over time according to electrolyte blood test results. The guidance
for estimation of baseline reqirements assume normal organ function

without any intestinal losses, further knowledge of anatomy helps to gauge
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extra requirements. For instance, patients with greater small bowel loss will
require greater amounts of sodium in their PN, or similarly, thee with a
jejunostomy may require magnesium supplementation. Once patient PN
requirements are well-established in terms of fluid, calories and electrolytes,
consistent blood tests are satisfied and the patient is deemed medically stable,

the HPN prescription (and regimen) can be organised.

1.2.6. Micronutrients (vitamins and TE)

As they are a main feature of this PhD project, micronutrients are discussed
greater detail later in this thesis within Chapter 4 in relation to nutritional

abnormalities.

In brief, micronutrients comprise the nutritional components of the human

diet that are required in Gmallerd OOAAA AT OA OThek indudeNOAT OEOD
vitamins and TE,each of which have essential roles in human health and

physiology; contributing to the normal growth and development of living
organisms(Forbes and Forbes 1997; Buchman et al. 2009¥licronutrients are

supplemented to PN according todosing guidelines and specific patient
requirements (Staun et al. 2009) Micronutrient dosing is generally guided by

blood serum monitoring in which the individual nutrient reference range

determines whether the test result is within range When thetest result is out

of range (i.e. in deficiency or excesskgfforts are made to reduce or increase

micronutrient provision in a patient® PNregimen.

33



1.3. COMPLICATIONS ©PN

Although the appropriate provision of parenteral nutrition has been heralded
a success over the years, nevertheless there are still numerous troublesome

complications associated with its us¢Meadows 1998).

1.3.1. Central catheter care and line infections

The most frequently documented complication associated with LT PN use is
infection related to the presence of the venous access devigéartl et al. 2009;
Pittiruti et al. 2009). The often high osmolarity of PN solutions require their
provision via a large central vein e.g. subclavian or internal jugulavein.
Tunnelled subcutaneous catheters or fully implanted ports are most
frequently used for LT PN as they are associated with less infection risk over
non-tunnelled catheters, which are more commonly seen for short term PN
during a hospital stay. The oaarrence of catheterrelated infections causes
significant discomfort and impairment of QOL, increases associated treatment
costs as well as comprongesthe integrity of the catheter in situ, which may
require replacement, and in more dire situations may ampromise future
venous access at the specific site. Treatment of bacterial infection includes the
use of systemic antibiotics andsuccessful recovery of the lines considerably
variable, successfully reported in 3680% of caseshowever if fungi are shown

to be present, line removal is necessary * ADPDAOAT AO Al 8 pwwyn
2011). Patient education and training in aseptic technique as well as general
barrier precautions are of the utmost importance to minimise the risk of
venous access complications and/or infectiongSutton et al. 2005) Line locks
with pharmacological agents such as ethanol, taurolidine, trisodiuncitrate
(alone or in combination with anticoagulants e.g. heparin) are suggested for

those experiencing repeated line infections.
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1.3.2. Acute metabolic complications

Long-term complications of PN garner significant attention in research, yet the
more aaute complications still occur in some patients requiring PN. They
include disorders relating to water and electrolytes which may require strict
fluid restriction and control (e.g. via extra supplementation). Also, disorders
related to glucose control e.ghyper/hypo -glycaemia, in which case continual
PN administration may be beneficial or reducing the rate of PN infusion,
otherwise insulin administration may be necessary. Other acute metabolic
complications include hypercalciuria and hypertriglyceridemia whch will
require optimisation of the PN feed for calcium and vitamin D, and the
guantity/choice of lipid emulsion, respectively. Similarly, hypophosphataemia
and hypomagnesaemia should be corrected before starting PN to avoid the

onset of refeeding syndrone (see below).

1.3.2.1. Refeeding syndrome

Mehanna et al.(2008, p. 1499 EAO AAAZET AA OAEAAAET ¢ OUT A
potentially fatal shifts in fluids and electrolytes that may occurin

i ATTT OOEOEAA DPAOEAT OO OAAAEOETI ¢ 1 OOOEOEI
nutrition to undernourished catabolic patients, causing a quick shift to

anabolism and a surge in insulin release. The insulin causes an intracellular

shift in magnesium, potasium and phosphate, resulting in hypomagnesaemia,
hypokalaemia and hypophosphataemia respectively. To prevent the onset of

refeeding syndrome, nutrition should be given to patients at a maximum of
10kcal/kg/day and gradually increased over 47 days (NICE 2006)

Appropriate provision of B-group vitamins (pyridoxine, riboflavin, thiamine)

andAT AAOOT 1 UOAG Al 61 1TAAA O1 AA AT OOOAA
encephalopathy(Mehanna et al. 2009)

1.3.3. Long-term metabolic complications
1.3.3.1. Nutritional abnormalities

Patients sustained on LT PN experience nutritional abnormalities for specific

nutrients, most commonly micronutrients; that is to say they experience a

35



greater degree of both extremes of oubf-range blood est results, deficiencies
and toxicities/excesses(Rudman and Williams 1985; Hardy 2009; Conway et
al. 2014; King 2015; Murphy and Lewis 2016) The implications of outof-
range blood test results can manifest themselves in a variety of ways
depending on the individual patient and the nutrients involved(Fuhrman
2006; Shenkin 2008; Shenkin 2015)

Further detail regarding the occurrence & nutritional abnormalities
(deficiencies/excesses) is given in Chapter.Z&ach micronutrient is discussed
in turn regarding its physiological role and what is known regarding its
nutritional supplementation in PN with particular reference to any

documentation of deficiencies or excesses in scientific literature.

1.3.3.2. Liver steatosis and cholestatic liver disease

Liver steatosis is a common complication in LT PKNussbaum and Fischer
1991); it results in elevated liver aminotransferases and enlargement of the
liver itself. It is usually associated with overfeeding of the glucose compent

of PN. Cyclic PN administration over continuous PN is thought to reduce its
frequency (Kumpf 2006), as well as reducing glucose quantity in PN to match

patient requirements.

Cholestatic liver disease is another complication affecting the liver with the
potential to progress to cirrhosis and liver failure (Guglielmi et al. 2008)
Patients present with jaundice, hperbilirubinaemia alongside increasesE - r
glutamyl transferase and alkaline phosphatase. Contributing factors are
thought to relate to the decrease in the enterohepatic cycle owing to SBS,
bacterial overgrowth, liver damage from lipid peroxidation producs and lack
of vitamin E as well asdoth glucoseand lipid overfeeding (Sobotka 2000) In
extreme cases, liver failure associated with PN administration has been
associated with the ned for intestinal and liver transplantation (Pironi et al.
2015).
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1.3.3.3. Cholelithiasis and acalculous cholecystitis

Patients who are exclusively fed parenterally are at a higher risk of developing
gallbladder stasis, gallstones and gallbladder sluddg®itt et al. 1983; Sobotka
and Camilo 2009) loss of the effect of cholecystokinin, a hormone stimulated
by enteral food consumption is thought to attribute to the onet of this
complication (Aneta et al. 2014) Efforts to increase enteral consumption of

food where possible are suggested as a treatment measure.

1.3.3.4. Bone disease

Patients receiving LT PN experience metabolic bone disease e.g. osteoporosis,
osteomalacia. It is associated with a loss of calcium from bone, increase in
serum alkaline phosphatase and hypercalciuria as well as physical symptoms
of bone pain and fractures(Klein et al. 1980; Seidner 2002; Hamilton and
Seidner 2008; Pironi and Agostini 2015) It is multifactorial in nature and its
relation to the provision of LT PN is not completely understood. Efforts to
prevent or delay its onset focus on optimal provision of calcium, phosphate,
magnesium and vitamin D in PN alongside moderate exercigShike et al.
1981; Sobotka 2000; Hamilton and Seidner 2008)

A more detailed introduction to bone disease in relation to LT PN is given in
Chapter 7.
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1.4. STABILITY OF PN

PN admixtures/solutions can contain as many afifty components in a single
container (Barnett et al. 2009). Each component as well as the sequence in
which they are added to each other, can influence the overall stability of the
resultant PN solution.Pertkiewicz et al.(2009) explains that stability testing

over time ensures there are:
- No changes to the size and size distribution of lipid particles.

- No precipitation of insoluble complexes which have the potential to

arise from reactions between individual components in the PN feed.

- Certifiable bioavailability of all intended PN componentsi.e. no

degradation
- Absence of chemical reactions between components

The extemporaneous preparation of PN requires suitable practical skills,
quality control and aseptic facilities to guarantee the intended composition,
stability and microbiological integrity of the final PN solution (Barnett et al.
2009). Clinicdly relevant and well-known implicating factors contributing to
PN instability include the stability of the lipid emulsion itself, calcium
phosphate precipitation, the Maillard reaction as well as reactions involving
OEOAT ET O AT A 4 %8 ré &&kh@vn © AfiéndeOANAtheSe
include the type of storage material (multlayered vs. oxygen permeable),
environmental conditions (oxygen, light, temperature) and the addition of
drugs (cimetidine, insulin, ranitidine). Over the last forty years a grat wealth
of information has been gleaned regarding the optimal stability and
therapeutic use of PN and its individual componenté/anek et al. 2012; Berger
2014). Yet there is still more to consider in terms of bioavailability of
individual PN components, especially in relation to nutritional abnormalities

(deficiencies/excesses) in those requiring LT bespoke PN formulations.
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1.4.1. Contamination of PN

TE ontamination of PN is a known complication which occurs during
compounding of the feeditself. Essentially, it refers to the inadvertent
contamination (extra provision) of TE metals to PN solutions during
manufacture and production (most commonly aluminium, chromiumand
manganese) It is believed to occur fromthe leaching ofmetal from materials
used during manufacturee.g. needles, syringescontainers.Pluhator-Murton
et al. (1999) reported its unquantified contribution to TE doses in PN to be
potentially substantial. First acknowledged in the 1970s, TE contamination
was amore-notable topic of research investigations however inrecent years
its interest has waned and is demonstrated by notably less research
publications (Hoffmann and Ashby 1976; Jetton et al. 1976)
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1.5. INTRODUCTION TOTHESIS
1.5.1. Research outline

The present PhDproject investigatesthe provision of LT PN to a population of
patients managedat Cardiff & Vale University Health Board (C&V UHBh
South Wales a service which is commissioned by WHSSICT PN patients
across Walesare managed from thisHPNcentre alongside a small minority in
North Wales who are catered for by other HPN centres across the bordés
such, the patients registered as receiving LT PN from C&V UHB represtm

majority of patients receiving LT PN in Wales.

There is a greatwealth of literature which details derangement of nutritional
biochemistry in these patients.The literature documents hie numerous issues
to arise from these nutritional abnormalities, which include clinical and
symptomatic consequences Some weltknown and more documented
examples include vitamin A deficiency anadight-time blindness, vitamin D
deficiency and metabolic bone diseasel/increased risk of bone fracture,
manganesetoxicity and associated neurotoxicity parkinsonian-like effects,
selenium deficiency andbrittle hair/nails, iron deficiency and associated irorn
deficiency anaemia, ® name but a fewexamples. Although PN is a wel
established means of delivering IV nutrition to patients; the documented
nutritional abnormalities in the literature show that there are issues and/or
practical difficulties in providing the optimal nutritional requirements for LT
PN patients(Fuhrman 2006; Buchman et al. 2009; Vanek et al022; Fessler
2013).

The research in the present Phproject aims to observe the population of
patients in Wales anddiscover whether there are similar incidences of
nutritional derangement occurring in these patients by reference and

comparisonto what is documented in theliterature. In this manner, it will be

possible to observe what is happeningih practicedto patients currently

maintained on LT PNand it will be possible to explore reasons for the
occurrence nutritional abnormalities in the patient population; and
furthermore, assess the impacbf these nutritional abnormalities on patient

health.
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There may be multiple possible explanations foiincidences of nutritional

abnormalities, for instance:

- Variation in approach to the practice of PN m@escribing by different
clinicians/prescribers (i.e. no formal guideline for the process of

manipulation of doses of PN components)
- The frequency of patient monitoring

- The formulation or composition of PN additives (i.e. for TE and

vitamins)

- Potential under-dosing resulting from unquantified PN instability or

interactions between components in the PN admixture.

The initial explorative assessment of the patient population will guiddurther
studies (i.e. subsequent chaprs) throughout the PhD to research each
individual avenueasa possible explanationfor the occurrence ofnutritional
abnormalities. The results will be reviewed and evaluated in relation to the
wider scope ofdocumented nutritional abnormalities in the literature . The
research findingsfrom each chapter may suggest areas for improvement of
current practice and/ or help to identify ways to improve PN service provision
for these patients (e.greview of frequency of patientbiochemical monitoring,
revision of formulations for PN additives or a standardised approach to
supplementing PN) Individual chapters will be hone in on particular areas,
such as theadequacy of dosing of particular nutrients exploration of factors
which may contribute to their derangenent (e.g. PN stability dosage in PN
additives) alongside further assessment(where possible) of clinical effect of
the nutritional derangement on the patient (e.g. symptora or other health
outcome measurement tool). An example beingvitamin D deficiency, its
potential under-dosing in PNand adverseeffecton patient bone health which

canbe assessed byone DEXAscanning

Although theindividual study designs andresearchmethodologies employed
throughout this PhD projectmay have beenused before or elewhere, they

have not been researchedn this level of detail for as many nutrients or in
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suchan all-inclusive population of patients maintained in Wales Assuchthe
findings from the entire PhD project demonstrate originality and novelty. The
individual study designs and methodshave been used in alarge and
comprehensive group of patientsvhich offer robust data over long periods of
time. The overarching research desigrand methodologyof the entire thesis
has not beenemployed elsewhere fora dngle population of patients.It offers
a greatr level of validity to the research as thesuccessivefindings from each
chapter (i.e. eachsingular study) are from the same patientsand give context
to the greater research journeyacross each successevchapter (study). The
inclusion of arespectablenumber of patientswho represent the population of
LT PN patients maintained in Walegof which eachpatient represents arich
data source provides value to findings and recommendations presented
within this write -up. Particular sectionsof research (chapters six, seven and
eight) have not beperformed before, or documented inthe literature for LT

PN patients

In brief, the FhD research jaurney began with an outline of the research
permissions and approvals required in order to undertake the various studies
within the PhD project The researchcommenced with a cross-sectional
description and analysis of population characteristicsfor the LT PN patients
This study set the scene fothe PhD,succinctly displaying the population
findings in terms of their patient characteristics, diseaserelated factors (e.g.
disease state, indication for HPNand factors related totheir PN therapy.Then
followed a comprehensive review ofthe published literature relating to the
role of micronutrients in human health and ghysiology, dongside further
related literature pertaining to nutritional deficiencies and/or excesses in PN
populations. This gae an idea ofreported problems or themes (of nutritional
abnormalities) which may be occurring in LT PN patient populationsThe
findings from this literature review permitted familiarisation with the clinical
field of LT PN/HPN andidentified key areas ofpressing clinical concern
(evidenced by a greater emphasiswithin the literature) regarding the
provision of micronutrients in LT PN.After this immersion in the literature, it
was decided for Chapter 5 that an allinclusive assessment of patients

nutriti onal status (from their available blood test datg from the date they
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were commenced on PNintil the point of data collection, would best suitthe
data collection and analysis methodology so thaine could ascertain current

themes and/or trends in nutritional derangement experienced by the

population of patients at C&V UHB, and whether they were in line with findings

from the literature. This large study then highlighted key areas to followup
on, namely theinadequate provision of TE (manganesetoxicity and selenium
deficiency) as well asa substantial proportion of patients showing inadegate
vitamin D status.Attention was focussed towards the lattein Chapter 6 which
aimed to investigate the stability of vitamin D in micronutrent additivesto see
if this could exclude its instability in PN as a potential source of under

provision for patients. Similarly, the finding of vitamin D inadequacy from

Chapter 5 prompteda longitudinal assessmentof 4 0. BDAOEAT 006

while receiving PN(Chapter 7), since vitamin D deficiency isacknowledged to
contribute to adverse bone healthWhilst the results elucidated inChapter 5
for under/over -provision of TE were followed-up in the final study (Chapter
8) in which a service evaluation was performed to ascertaithe optimal doses
of TEby using adata-pairing model (prescriptionsand blood test resuls). The
research journey isbrought together in the final discussion (Chapter 9) which
describes inter-links and appreciatesall of the findings from the separate
chapters as a whole alongside appreciation of key literature and current
recommendations Also, in this chapter, the key findings are acknowledged
contrasted and comparedagainst other key studies ad publications from the
greater literature relating to the characteristics of PN populations and the
provision of micronutrients in LT PN The thesis thencloses with succinct
recommendations for future work based on the research findings fronthe

whole project.
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1.5.2. Research question

-  What are the characterstics of LT PNpatients and how does the

provision of LT PN affect their nutritional status and clinical healtl?

1.5.3. Aims

- To evaluate thedemographic characteristics of a population of LT PN
patients maintained on LT PN with C&V UHBwith reference to their

patient-related, diseaserelated and PNrelated factors).

- Toascertain the degree of the occurrence of owif-range micronutrient

blood test results in these patients.

- To establish links béween micronutrient derangement (deficiency or
excess) with clinicatrelevant problems experienced by patients.

- 47 ET OAOOECAOA AAOOAOG &£ O T EAOTT OOOEAI
test results (e.g. doses in compound micronutrient preparations, or

stability within final PN formulation).

- To evaluate the effectiveness of micronutrient dosing in LT PN patients
and inform micronutrient dosing recommendations, through the

correlation of PN micronutrient doses to blood test results.
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1.5.4. Objectives

- To perform a review of the literature relating to the dosing and
provision of micronutrients in LT PN/HPN patients; with particular
reference to the documentation/publication of micronutrient
derangement in these patients alongside current dosing

recommendationsand opinion.

- To usedata (medical notes and test results)from LT PN patienis in

Walesto contribute to the research aims of this project

- To employ both crosssectional andretrospective longitudinal study

designs tocontribute to the methodological analysis of patient data.

- To usemicronutrient blood test results (as depicted by the reference
intervals with C&V UHB) toascertain if there are recurring trends or

themes of micronutrient derangement in LT PN patients.

- To consider (using laboratory techniques) the potential instability of
micronutrients in compound multi-component PN additives as aource

of under-provision of micronutrients .

- To implement a datapairing model to correlate micronutrient doses
i #0101 AAAE DAOEAT 080 0. eibrecArdeAOEDOET 1
micronutrient blood test results, in so doing allowing theevaluation of
the efficiency of micrautrient prescribing (at C&V UHB) and the

available micronutrient preparations.

- Toreview and evaluate observed results and findings from this stud

against the findings of other peetreviewed publications in this field.
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Figure 1.2: Flow diagram for PhD thesis
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2.1. INTRODUCTION

This chapter explains the research permissions that were gained in order to
allow the individual studies and elements of research to be undertakefor
submission of Ph.D. Specifically, the consented acquisition of patient data from
a sample of the HPN population in Wales for research use, relevant to the
project aims. The specifics of sampling and participant recruitment are

detailed in this chapter.

2.2. RESEARCH APPROALS AND PERMISSIONS
2.2.1. NHSesearchethics committees (REC)

Proportionate ethical review was undertaken by the subcommittee of Wales
Research Ethics Committee 7 (REC 7) on 08 April 2015 (see Appendix I). On
behalf of the committes, the subcommittee gave a favourable ethical opinion
of the research based upon the information described in the application, study

protocol (see Appendixll) and supporting documentation.

2.2.2. National Health Service (NHS) management permission

NHS management permission, otherwise known asNHS Research and
Development (R&D) approval, was granted by Cardiff and Vale University
Health Board (C&V UHB) to allow the research study to be undertaken with
C&V UHB as a singlsite study as of 10 July 2015 (s=Appendix I1).

2.3. PARTICIPANT REQUITMENT
2.3.1. Participant recruitment protocol and consent

Participants were recruited from the list of patients currently registered as

routinely attending the outpatient intestinal failure (IF) clinic at C&V UHB.

Potential participants were recruited by a postal invitation to participate in

the research study and a single follovwup telephone call was permitted for
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non-responders two to three weeks later. These were the conditions approved

by the NHS research eth& committee.

The postal invitation contained:
- Anintroductory letter of invitation (see Appendix V)
- A participant information sheet (PIS) (see Appendix V)
- Two consent forms (one to keep, one to return) (see Appendix VI)

- A pre-paid return envelope.

The postal invitation was sent by Susanna Harwood, a specialist PN

pharmacist independent prescriber at UHW and member of the clinical team.

The introductory letter invited the potential participants to take part in the
study and also introduced the stugt and the researcher (Sean Dodington). The
letter also directed potential participants to read the participant information

sheet and make an informed decision about whether to participate.

Those who decided to participate returned the signed consent forrback to
the researcher (SRD) in the enclosed envelope. By agreeing to participate,
participants thereby allowed the use of their hospital medical records to be

used for the purposes of the study.

The population of patients who consented to participate wee then assessed

to see if they met the inclusion criteria (see below).

To put potential participants at ease regarding the use of their personal
information, the PIS explained that no patient identifiable information was to
be transferred for use in thestudy. Also, that the study was being undertaken
in cooperation with the consultant practitioners and medical professionals

responsible for their care.
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2.3.2. Sampling

After personal communication with the HPN NST in Cardiff and as previously
mentioned in Chapter 1, it transpired that there were ninetyeight patients

registered as receiving HPN services in Wales as of July 2015.

The majority (ninety-three) of these patients were managed with C&V UHB,
while the other patients were managed by minor HPNentres in Swansea and
Wrexham; looking after three and two patients respectively. This cohort of
patients was sampled as a representation of the HPN population in Wales.
After a lengthy permissions process it became clear that data could only be
realistically collected from a single HPN centre. This offered advantages in the
sense that the data was representative of the majority dVales where the
standard practices were consistent for all patients in terms of monitoring,
treatment and changes to PN therap'regime; rather than differing between
beacon HPN centres (if were included). There were disadvantages that the
sample could not be statistically large enough or representative of the entire
UK population, however the value of the longerm retrospective data from
each of the participants is still sufficient to observe the main trends and

patterns of nutritional status in the HPN population.

2.3.2.1. Inclusion criteria

Patients were included if they satisfied the following inclusion criteria:

- Attending IF clinic and had been receiving PN for at least six months
- Able to understand and read English
- Able to give written informed consent

- Were of adult age (at least 18 years of age)

2.3.2.2. Exclusion criteria

Likewise, patients were excluded according to thiollowing exclusion criteria:

- Not been receiving PN for at least six months

- Maintained on nonnutritional/calorie -free IV electrolyte infusions (i.e.
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magnesium sulphate infusions)
- Children (under the age of 18)
- Unable to understand and read English

- Unableto give consent

By ensuring that the patients who met the inclusion criteria had attended the

clinic for at least six months, it guaranteed that there was a minimum of six

months worth of hospital data and information for inclusion in data analysis.

Also, in similar studies assessing the effectoflo)@A OI 0. 11 BDAOEAT 0O
six months was used as an acceptable limit for the inclusion of patients in the

study and to represent LT use of PNPironi 2002; Ladefoged and Jarnum

1978)8 , EEAXxEOAh ET OEA %30%. COE#A ET A0 11
0.8 EO AAOACI OEOGAA AO OAZEAOOEy BN I®OI DPAOE

excess of at least six month&taun et al. 2009)

Those patients who were receiving other intravenous electrolyte infusions

instead of PN, most notably IV magnesium infusions werexcluded on the

AAOGEO OEAO OEAOA ET £ZOOEIT O Al 1106 AEi Ol
requirements in the same way as PN. Their composition being that of a single

salt in dextrose solution. The treatment aim in these patients is to replace the

single electrolyte, magnesium, rather than nutritionally support patients in

terms of their calorie, nutritional and fluid requirements.

By comparison to adults, children can have more complex and variable PN
requirements as they develop. It would have aoplicated data analysis if this
patient group was included in the study population. Also, the rationale for
setting an age limit for participants to be at least 18 years of age was that it
helped to decide an appropriate cubff point where for research puposes the
participants were assumed to have adult physiological body systems; in that
they responded to the nutrients provided in their PN in a similar way. In this
way, any conflicting factors associated with childhood or adolescence were

avoided.
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2.3.3 Finalised recruitment

Finalised research approval was granted by C&V UHB in July 2015 and
participant recruitment promptly began by postal invitation (13 July 2015).
Soon after, followed return of the participant consent forms to the researcher
and the bllow up phone calls to nonresponders were scheduled at least two

weeks afterwards.

The breakdown of participant recruitment can be seen in Figure 2.1, it shows

the finalised sample recruitment after application of the inclusion criteria.
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93 patients sent postal 1 patient death before follow
invitation »| up telephone calls

67 patients consent to 25 patients did not respond to
participate postal invitation or follow -up

telephone call

60 patients identified as 7 patients identified to not be
being on LT HPN on LT HPN (i.e. magnesium

sulphate infusions)

Finalised recruitment
= 60/93 (64.5%)

Figure 2.1: Flow chart to show participant recruitment
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2.4. DATA COLLECTION

Patient data from the final participant populationwere eligible for use in the

aims of this research project and include:
- PN Prescription recordsz maintained on the hospital Sdrive

- Blood tests, clinic letters and other medical recordg archived on the
El OPEOAIT O#1 ET EAAT 01 OOAI &8 OUOOAI
The data represened a highly accurate, reliable and extensive secondary data
source, abundant for potential research findings. As a secondary source of the
data, itwasalready collected by other healthcare professionalsvolved in the

care of these patients; not the researcher.

Specific datavere collected and analysed in each separate chapteviore detalil
of the exact specifics of data collectiois included in eachchapter (i.e. methods

and analysig.
2.4.1. Anonynisation and data security

Research permissions permitted the collection of data from the networked

AT i pOOAO OUOOAI AO 30 -AOUBGO OEAOI AAAOGOE
coded, then collated into an Excel spreadsheet, and further analysed with

Microsoft Excel at Cardiff School of Pharmacy and Pharmaceutical Sciences.

The anonymised data was transferred between sites on a USB device in which

the files were password protected and only accessed by members of the

research team.
2.5. SERVICE EVALUADN APPROVAL

In the third year of the PhD project, service evaluation (SE) approval was
sought from C&V UHB to evaluate the standard of micronutrient prescribing
for their LT PN patients, specifically in relation to their blood micronutrient
test results (see Appeadix VII). This approval allowed data capture for the
entire population of HPN patients registered with C&V UHB, rather than a

subset sample population.

Further detail of the use of the data obtained from the SE and its related

findings are given inChapter 8.
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3.1. INTRODUCTION

This chapter details the prevalence of characteristics in the HPN population
registered with C&V UHB.

In more detail, thischapter:

- Performed a crosssectional analysis of the HPN population registered
with C&V UHB

- Described and evaluated the characteristics of the cohort population of
LT HPN patients from a single point in time with particular reference

to their:

Patient-related factors

Diseaserelated factors

PN-related factors

- Coprescribed medicines

- Compared findings with results from other HPN population studies

3.1.2. Background and rationale

As mentionedpreviously, the point prevalence for HPN patients in the UK was
most recently documented by BANS as 8.40 per million and the period
prevalence as 10.02 per million over the year 2011Smith et al. 2011) A
modest incidence by comparison to statistics reported in Europe where point
prevalence has been reported to rangextensively from 3.25-66 per million,
yet the UK reports a similar mint prevalence to the nations of New Zealand
and Australia (Baxter et al. 2012) In general, countries with higher point
prevalence (e.g. Denmark, Italy) presumably have greater standards in terms
of patient referral pathways, access to HPN services, HPN education
programmes and implementation of PN guidelines. Within the publication by
Baxter et al.(2012) it was recognised that ér countries with lower point
prevalence (e.g. France, Spain) HPN registries were not fully available or
implemented resulting in potential HPN underreporting. It is clear to see that

developments are necessary in gaining a universal standard for access t
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equitable care in terms of HPN services across Europe. Interestingly, the
prevalence of patients receiving HPN in South Wales has grown significantly
in proportion to the last reported UK statistic and other documented
demographics(Smith et al. 2011) The South Wales IF centre (managed within
C&V UHB) reported ayrowth in service from 7.3 per million of the population

in Wales (2001) to 35.9 per million as of March 203 (personal
communication, Barney Hawthorne & Amelia Juckes 2016 This is an
impressive feat considering their initial target of 18015 per million. The
population supported in Wales by the Cardiff IF team (in terms of number
patients per million of the population in Wales) therefore overtook the
reported point prevalence statistic for the whole of the UK in 2011, according
to the data published by BAIS(Smith et al. 2011) However, the subsequent
BANS report in 2056 noted an increase in new patient registrations for the UK
to be predominantly attributable to new registrations within England (Smith
and Naghibi 2016) In general, the statistics from the BANS reports detail a
significant growth in service provision in UK over the last two decades and an
increasing number of patients commenced on HPN, suggesting better patient
access to HPN services. However, the reported statistics from BANS should be

interpreted cautiously in light of significant under reporting of HPN cases.

In terms of the distribution of HPN patients across Wales, the majority reside
in South Wales with most patients living close to Cardiff; alongside a smaller
minority in North Wales. Reasons for this are thought tde that patients in
North Wales are catered for by the geographically closer HPN centre in Salford,
Manchester. Anecdotally, it has been known for patients to uproot so that they
can reside within closer proximity to HPN centres (personal communication,
Amelia Juckes 2016).

Although the number of patients who require LT HPNactually constitute a
small proportion of all patients who receive parenteral feeding, the LT nature
of their nutritional therapy mar ks these patients as major service users and a
substantial financial burden on the NHS This is demonstrated in therecent
National Confidential Enquiry into Patient Outcome and Death (NCEPOID)
which 93% of patients in hospitals thioughout the UK received PN fdess than
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30 days Otherwise showing that he remaining percentage of patients
constituted LT PN service users with types 2 and 3 [[Stewart et al. 2010) The
financial implications in Wales are demonstrated in the criteria for eligibility
for funding and access to HPN treatment from the policy published by the
Welsh Health Specialised Services Committee (WHSST)e policy describes
that funding for PN services is only permitted for patients who are awaiting
reconstructive surgery (leading to restoration of gut continuity and function)

or those with irreversible IF. WHSSC also funds nursing assistance for those
unable to administer HPN for themselves. This funding is only available for
patients in Wales via referral from the nutrition teams at either UHW or Hope

hospital.

Although HPN is a vital and lifesustaining therapy in these patients, its use
carries risks and complications that influence patient morbidity and
prevalence statistics. A snapshot of the prevalence data from a single point in
time will show the patient characteristics and requirementsfor the HPN

population.

Few studies of population review have been performed in the field of HPN,
presumably because they rely on voluntary and tim&onsuming data capture.
Also, the logistics of data collection require considerable eordination
between HPN centres within a unikd area. However previous epidemiological
studies have been performed by a harmonised and merged HPN special
interest group called the Home Atrtificial Nutrition and Chronic Intestinal
Failure (HAN & CIF) ESPEN Special Interest Group. This group performed
multi-centre surveys for the prevalence of patients registered as having
started HPN in the main HPN centres in Europ@/an Gossum et al. 1996;
Bakker et al. 1999; Stauret al. 2004; Ugur et al. 2006)It was notable from
these studies that the prevalence of HPN patients was highest in countries
having the longest duration of HPN experience (Denmark, France and the UK).
In the last decade there have been no new studies further investigating
incidence andprevalence of HPN in Europe apart fronBaxter et al.(2012)
whose survey provided a global figure of HPN use in 9200 patients from 16

countries, in the year 2010. They lso showed a large variation in point
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prevalence of 3.2566 patients per million of each population; but could not
explain the varied result beyond differences in practices, expertise, interest,
attitudes or economic provision of service. However it was m@ognised that

HPN prevalence was undereported in several countries.

One of the studies performed by the HAN & CIF special interest group, a survey
performed in 1997, reported on the HPN prevalence, distribution of disease
and health outcomes from HPN pigents in Europe. They found the distribution

of underlying diseases requiring HPN to be similar within Europe and the USA
(Bakker et al. 1999; Howard and Ashley 2003)However, it is known that
within Europe the distribution of underlying disease is more variable by
comparison to USA. According to data from aussey performed in 1997
(Bakker et al. 1999) at the time the most common leading diagnosis for HPN
DAOEAT OO0 ET OE AeadewhichAvas nét @ liing With Gatafrom
The Netherlands and Italy where cancer was the most common underlying
disease state(Van Gossum et al. 1996; Smith et al. 2011Yhe data show
differing approaches on the continent to sustain patiets with PN therapy in
those suffering from cancer diagnoses, in what is considered a contentious
topic for clinical debate. Yet still, the UK statistic for new HPN registrations in
2010 was at 14%, up from 5% in 1997 (BAPEN report unpublished data;
www.bapen.org.uk). Less than the European figure stated byoward (2006)
where as many as 40% of patients on HPN have cancer as a primary diagnosis.
The variability in numbers of cancer patients treated with PN therapy suggest
that there is a lack of strong evidence or direct guidance for treating these
patients. The surveys performed by HAN & CIF ESPEN Special Interest Group
have also explored PNelated parametersincluding the number of perfusions

(feeds) and the types of feeds administered (aqueous/lipid) to the patients.

Previous research relating to the HPN service in Wales focused on its growth

OEOI OCET 60 OEA AAOI U ¢nnmnd® AT A CAOA
demographics(Jukes et al. 2010; Srinivasaiah et al. 2010The present study

aimed to capture information from the HPN population in Wales and
document the current practices of LT PN provision; including relevant

demographic, epidemiological and clinical datafrom the participants,

59



DAOOEAOI AOIU ET OAoi 0 1T &# OEA DAOEAT OO6
requirements. The information from this study has not previously been

published in such depth; and hence represents the most recent and accurate

data for the sampé population to draw comparisons to the findings of other

similar studies.
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3.2. METHODS
3.2.1. Researchpermissions

This study was conducted using the research permissions as described in
Chapter 2.

Of note, fifty-nine out of the sixty participants that were recruited and
maintained on LT HPN were eligible for this study. One patient was ineligible
because at the crossectional point in time of data collection, the individual
was no longer maintained on LT HPN (although had been previously when

conserted to participate).

The criterion for patients to have been maintained on HPN for at least 6
months was not necessary for this study, as data were to be collected from all
participants registered as receiving HPN at the designated single point in time
(cross-sectional analysis). This was in an effort to collect all relevant
epidemiological data regarding the population characteristics from all
participants; rather than exclude data from participants on the basis of their

duration of HPN therapy in relatian to their population characteristics.

3.3. Study design

This study was performed as a crossectional analysis, a form of observational
research to investigate the demographic data for the Welsh HPN population in

terms of patient characteristics and PNlequirements.

Data was collected from a single point in time, this being the HPN records in
use on the date 01 July 2015.

3.3.1. Data collection and sample population

Data wascollected by the researcherfrom the medical recordsof consenting
participants recruited from the outpatient clinic at C&V UHB Specifically,

OAl AOGAT O AAOA xAOA AgOOAAOAA mOI I DAOEAI
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etc) and PN prescriptions.

The researcher performed data transcription checksfor 10% of transcribed
data and no themes/trends in errors were identified throughout data

collection.

A full breakdown of the data parameters for investigation are gen in Tables
3.1 and 3.2. Please note thalable 3.2 givesa more detailed list of the sub

categorisations for IF according to the ESPEN IF guidelin@aroni et al. 2015).

3.3.2. Data handling, storage and analysis

Relevant data were manually transferred into a Microsoft Access database
(Microsoft Office 2013 z version 15) for storage and handling, while data
analysis was undertaken using Microsoft Exce{Microsoft Office 2013 7

version 15).

Data were analysed using descriptive statistics, count, percentages and mean

(° SD) of the total number of participants.
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3.3.3. Data parameters

BelowTables 3.1 and 3.2 describe the data parameters investigatettiénstudy.

. 1T 0Ah OEA A KE&GApmathopHyshodgicalEkclassifidation (primary

mechanismp h OOT AAOI UET ¢ AEOAAOA j OEAO AAOOAO
categorisedand adapted from thesame classificationsystemused byESPEN

(Pironi et al. 2015).

AEA Ai AOGOEAZEAAOGEI 1 O xEEAE | AEA ObP O
adopted from the clinical indications asA A OAOEAAA EI E

notes at C&V UHB.

Table 3.1The full list of data parameters for investigation in the study.

Patient -related factors | - Gender (M/F)

- Age: mean (+SD) (years)

- Mean duration requiring HPN (months)

- Patient weight before starting HPN (kg)

- Patient weight (July 2015) (kg)

- Difference between patient weight (July 2015) and a
HPN initiation (kg)

IF z pathophysiological | - Short-bowel with jejunostomy (SBSJ)

classification (primary - Short-bowel with jejunocolic anastomosis (SBSC)
mechanism) - Short-bowel with jejunoileal anastomosis with an
intact colon (SBSJIC)
- Fistulas (F)

- Dysmotility (Mot)
- Mechanical obstruction (MO)

- Mucosal disease (MD)

Underlying disease - Short bowel

(that causes the IF) - Intestinal fistula

(further sub - - Intestinal dysmotility

categorisation Z see - Mechanical obstruction

table 3.2) - Extensive small bowel mucosal disease
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Indication for HPN (as

clinically noted)

- Short bowel syndrome (SBS)
- Malabsorption

- Obstruction

- Fistula

- Motility

- Failed ENT (enteral nutrition)
- High output (HO) stoma

Disease state

- Benign disease (BD)

- Active cancer (AC)

PN-related factors

- Number of days/bags administered per week
- Number of aqueous bags per week

- Number of lipid bags per week

- Calories per aqueous bag (kcal)

- Calories per lipid bag (kcal)

- Average calories per week (kcal)

- Average calories per day (kcal)

- Average volume of PN per day (mL)

- Volume of PN per week (mL)

- Number of micronutrient vials per week (Solivito N?,
Cernevit®, Vitlipid N Adult®, Additrace®)

- Weekly provision of calcium from HPN (mmol)

Co-prescribed

medicines

- Total number of prescribed medicines (excluding PN
- Extra vitamin supplementation (outside of PN
regimen)
- Bonehealth medicines

- Calcium

- Calcium and vitamin D (combined)

- Vitamin D

- Vitamin D (ergocalciferol) injection

- Bisphosphonates

- Denosumab

- Teriparatide
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Table 3.2Full classification of underlying diseases (that cause IF) according to
the type of clinical condition, as described in the ESPEN IF guideling&roni
et al. 2015)

Underlying disease (that causes the IF)

Condition Specific underlying disease

Short bowel Extensive surgical resection for:

1 Mesenteric infarction (arterial or venous
thrombosis)
#OI ET1T 60 AEOAAOA
Radiation enteritis
Surgical complications
Intestinal volvulus
Familial polyposis
Abdominal trauma
Intestinal angiomatosis
Necrotizing enterocolitis

1 Complicated intussusception
Congenital:

= =4 =4 -4 -4 -4 -8 -4

1 Gastroschisis

Intestinal atresia

Intestinal malformation

Omphalocoele

YT &l Al i AGT OU | #0171 EI

diverticular disease, pancreatic disease,

radiation enteritis)

1 Neoplastic (colon cancer, ovarian cancer,
small bowel malignancy)

9 latrogenic (operation, percutaneous
drainage)

91 Infectious disease (tuberculosis,

actinomycosis)

Trauma

Foreign body

=A|=2 =2 =

Intestinal fistula

=a (=4 =4

Intestinal dysmotility Acute (associated with critical illnesses):

Postoperative
- Systemic inflammatory
- Neurological reaction
Chronic intestinal pseudeobstruction (symptoms

>6 months):

1 Primary/idiopathic
- Neuropathic

- Myopathic

- Mesenchyopathy
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Secondary

Collagen vascular diseases
Endocrine disorders
Neurological disorders
Medication associated
Paraneoplastic
Miscellaneous

Mechanical obstruction

Obturation
Intrinsic bowel lesions
Extrinsic lesions

Extensive small bowel

mucosaldisease

=4 =4 =4 4 -4 -4 -4 -4 -4 - -4 A8 -5 -4 -8 -4 A

Microvillous inclusion disease

Tufting enteropathy
Tricho-hepato-enteric syndrome
Intractable diarrhoea

Severe food allergy

Autoimmune enteropathy
Intestinal lymphangectasia
Waldman disease

Common variable immunodeficiency
#0O01 ET 60 AEOAAOA
Celiacdisease

Radiation enteritis
Chemotherapy related enteritis
Congenital diseases
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3.4. RESULTS

Data was collected over a thregnonth period from July to September 2015

and the results are displayed below.
3.4.1. Patient-related factors

Table 3.3.Number and percentage of HPN patients in the sample HPN

population.
Number of patients
Males 20 (33.9%)
Females 39 (66.1%)
M:F 0.512: 1
M:F (rounded) 05:1

Table 3.4.Analysis of further patientrelated factors from the sample HPN

population.
Mean (xSD) Range
Age 58.10 (+13.78) 27-86
Males 59.90 (+11.89) 35-81
Females 57.18 (£14.72) 27-86
Duration requiring HPN (months) 66 (+78) 1-344
Patient weight at HPN initiation (Kg) 55.39 (#16.30) 27-107
Patient weight (July 2015) (Kg) 61.22 (+12.56) 40-114
Difference between patient weight
(July 2015) and at HPN initiation (Kg) 263 (£9.78) 28-(437)
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3.4.2. Disease-related factors

Table 3.5. Number and percentage of patients according to the ESPEN

pathophysiological classification for IF.

IF Pathophysiological Classification Number of patients (and %)
Short-bowel with jejunostomy (SBSJ) 33 (55.9%)

Short-bowel with jejunocolic anastomosis
10 (16.9%)

(SBSJC)
Dysmotility (Mot) 8 (13.6%)
Fistula 4 (6.8%)
Mucosal disease (MD) 3 (5.1%)
Short-bowel with jejunoileal anastomosis

_ _ 1(1.7 %)
with an intact colon (SBSJIC)
Mechanical obstruction (MO) 0

Table 3.6.Number and percentage of HPN patients categorised according to

their underlying disease as the reason to their IF.

Underlying disease (that causes the IF) Number of patients (and %)
Shortbowel-# OT E1 6 0 AEOAAO/ 14 (23.7%)
Short bowel- mesenteric infarction 13 (22.0%)
Short bowel - surgical complications

_ _ _ 13 (22.0%)
(including cancer resection)

Intestinal dysmotility z secondary* 5 (8.5%)
Intestinal fistula - inflammatory (including

e en e o e s 3 (5.1%)
#OT ET 60 AEOAAOA AT A 1
Short bowel - radiation enteritis 2 (3.4%)
Mechanical obstruction- intrinsic lesion 2 (3.4%)
Intestinal dysmotility - primary/idiopathic 2 (3.4%)
Extensive small bowel diseaseautoimmune

2 (3.4%)
enteropathy
Intestinal fistula - iatrogenic (operation) 1(1.7%)
Mechanical obstruction- extrinsic lesion 1(1.7%)
Extensive small bowel diseasecongenital 1(1.7%)

1 Al OAAO 1 PAOEAT 0O xEOE Oi EOAAI T AT AT 668 O1 AAOI U
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Table3.7. Number and percentage of patients categorised according to their

indication for requiring HPN therapy, as clinically referenced by the NST at

C&V UHB.

Indication for HPN

Number of patients (and %)

Short bowel syndrome (SBS)

43 (72.9%)

Motility 6 (10.2%)
High output (HO) stoma 3 (5.1%)
Malabsorption 2 (3.4%)
Fistula 2 (3.4%)
Failed ENT (enteral nutrition) 2 (3.4%)
Obstruction 1 (1.7%)

Table 3.8 Number and percentage of patients according to their disease state.

Disease state

Number of Patients (and %)

Benign disease

56 (94.9%)

Active cancer

3 (5.1%)
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3.4.3. PNrelated factors

Results for PNrelated factors of the HPN population have beeexpressed as a
mean to show the average value for each parameter, a range to show the
distribution/scale of the data and as a modal value to show the most

frequently occurring values for each parameter in the population.

Table 3.9. Analysis of factors relating to PN administered to the sample

population.
Parameter Mean (° SD) Range Mode
Total number of feeds
o 5.06 (1.46) 2-7 5
administered per week
Number of aqueous feeds
4.27 (1.60) 1-7 5
per week
Number of lipid feeds per
1.45 (0.66) 1-4 1
week*
Total calories per agueous
1507.97 (553.03) 200-2600 1800
bag (kcal)
Total calories per lipid bag
1886.28 (349.30) 1350-2500 2000
(kcal)*
Total calories per week from
_ 7953.36 (3255.01) | 600-14700 9800
HPN (nortnitrogen kcal)
Averagedaily calories from
1122.13 (461.60) 85.71-2100 1400
HPN (kcal)
Lipid calories per lipid bag
942.06 (170.62) 700-1400 1000
(kcal)*
Average volume of PN per
2466.83 (672.98) 1297-4400 2000
feed (mL)
Total volume of HPN per
12948.90 (6595.50) | 5000-30800 6000
week (mL)
Nitrogen per aqueous feed
9.77 (2.44) 4-15.75 9
)
Nitrogen per lipid feed (g)* 10.28 (2.28) 6.5-15.75 11
Calcium per week from HPN
32.45 (22.34) 1-105 35
(mmol)
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Interestingly, thirty -two of the fifty-nine patients (54.2%) had a lipid bag
included within their PN regimen.The result reflects the balance clinicians aim
to achieve in supplying calories as both carbohydrate and lipid. The result
shows that almost half of the sample population did not receivepid PN;
reasons are thought to be related to lipid intolerance, optimised glucose
control (without lipid calories), absence of necessity, personal preference and
its association with cholestatic liver diseasgCavicchi et al. 2000; Hartl et al.
2009; Rye and Nightingale 2015; Staun et al. 2009)

Table 3.10Number and percentage of participants with each micronutrient

preparation as a component of their PN regimen.

Number (and %) of participants
Micronutrient preparation receiving micronutrient

preparation in their PN regimen

Cernevit® 53 (89.8%)
Solivito N® 23 (39.0%)
Vitlipid N Adult® 22 (37.3%)
Additrace® 12 (20.3%)
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3.4.4. Coprescribed medicines

Table 3.11. Analysis of medicines ceprescribed alongside PN regimen for

participant population.

Parameter Mean (° SD) Range Mode
Total number of prescribed
P 7.71 (3.60) 217 8
medicines
Total number of bone health
. 1.67 (0.87) 15 1

medicines

Table 3.12. Number and percentage of patients reported as receiving

medicines relating to bone healthand/or extra vitamin supplementation

(outside of PN regimen)

- Number (and %) of patients
Medication

receiving class of medication

Vitamin D supplementation(including
combined preparations, high strength 39 (66.1%)

preparations and vitamin D injection)**,***

Bisphosphonates 18 (30.5%)
Calcium supplementation * 15 (25.4%)
B-group vitamins 12 (20.3%)
Vitamin A supplementation 3 (5.1%)
Denosumab 1(1.7%)
Teriparatide 1(1.7%)

* 10 patients documented as receiving combined formulations for calcium and
vitamin D.

** 5 patients documented as receiving regular-3nonthly vitamin D injections.
*** 13 patients documented as receiving regular high strength vitami D
capsules (20,000 1U).
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3.5. DISCUSSION
3.5.1. Patient-related factors

Prominent publications have documented the rise in incidence and prevalence
of HPN cases in recent yearf/an Gossum and Messing 1997; Bakker et al.
1999; Ugur et al. 2006; Wengler et al. 2006; Jukes et al. 201The HPN service
in Wales is known to have grown considerably in this time, now equating to
35.9 per milion of the population, comparably larger than the last
documented statistic for the whole of the UK, and demonstrating an
impressive access to HPN services in Wales. Although as previously
mentioned, access to HPN services may not be as fair across théividual
regions in WalesPrevious epidemiologic findings recorded in the 1990s noted
a sharp increase in HPN use within the decade with causes thought to centre
around the growing experience of specialised centres, increased survival of
HPN patients andincreased costeffectiveness in the treatmentof patients
with benign disease;as well as the development of home care service

provision (Van Gossum and Messing 1997)

Data relating specifically to the demographic characteristics of the sample
population show that there were approximately twice as many female to male
HPN patients and a similar age distribution between the sexes. It has
previously been demonstrated thatSBSmore commonly arises in women than
men (67%), reasonsare thought to relate to women having shorter original
bowel lengths than men(Nightingale et al. 1992) There was a large variation
in the duration requiring HPN for the sample population as demonstrated by
the wide range and the SD being greater than the mean value. This finding
helps to support/demonstrate the varied and wideranging requirements in
terms of PN therapy in this patient population, particularly in terms of their
nutritional needs over time. It was almost an expected finding when
considering that some LT PN patients may only require PN as amerim
feeding measure before having restorative or corrective surgery. To give an
idea of the context of these findings, nine of the patients in tteample had been
commenced on HPN within the preceding year while the remaining 50 patients

had been receving HPN forperiods longer than a year.The findings for sex

73



ratio, age distribution and duration requiring HPN are all in agreement with
studies byRaman et al(2007), Ugur et al.(2006) and Winkler et al. (2015).

France has recently published some brief yet interesting epidemiological
findings from their paediatric population of HPN patients. By comparison to
the findings from the adult cohort in Wales, SBS was again the dominating
main indication for HPN and nearly all patients were fed tailored feeds via
central venous catheters. However each centre on average managed less

patients of which a higher proportion were male (56.9%)Goulet 2016).

The results draw close comparisons to the sample in a crosgctional study
performed by (Raman et al. 2007)specifically in terms of patientrelated
factors. The results from our sample of 59 patients correlated very closely to
their results for M:F ratio, mean age and duration requiring HPN. Although
there were differences in that their sample represented only 37.5% of the
estimated number of HPN patients in Canada at that time; however they did

have a larger sample size of 150 patients.

As expected patient weight was found to be higher from a crossectional
moment in time than when the patients were initiated on HPN. Again this was
similarly observed in the study by Raman et al.(2007) when they showed
patient BMI increased significantly since the administration of PN. This
reinforces the observations seen in practice where is possible to observe the
malnourished state of HPN patients prior to commencing HPN therapy and
their improvement with LT parenteral feeding. Optimised PN therapy aims to
get patients back to their ideal body weight (within realistic expectations) and
natural gut adaptation (structural and functional) is also known to occur over
time, helping to gradually reduce PN requirements for patients with retained

ileum and colon, i.e not those with a jejunostomgNightingale 2006).

Very recently, HPN specialists in London conducted a survey to identify the
prevalenceof hospital IF and HPN services over a wedkng periodin the UK
(Culkin et al. 2016) Of thethirteen major hospitals that participated, it was
found that there were 1144 HPN patients requiring LT PN services within that
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week. This was over a very broad range (852), exemplifying the different
capacities and HPN experience between the hospitals and HPN centres. The
patient-related and diseaserelated factors presented in this chapter were
similar in distribution to the findings of this smaller scale study. The authors
stressed the current presures experienced by HPN homecare companies
relating to capacity issues from the evegrowing demand for PN production
services in the UK; presumably resultant from the increasing prevalence of

HPN patients and greater access to clinical services.

3.5.2. Disease-related factors

As Nightingale (2006) explains there are thee types of patients with a short
bowel; jejunum-colon, jejunumtileum and jejunostomy. Jejunurvileum
patients are uncommon and rarely require nutritional support; whereas
jejunum-colon and jejunostomy patients are more frequently encountered.
The results fiowed that those with a jejunostomy were the largest proportion
of patients, depicting the group of patients in whom no gut adaptation occurs
and they are completely dependent on PN for their fixed IV nutritional needs.
Key findings from results relating b the diseaserelated factors in the sample
population are summarised in Tables 3.5, 3.6, 3.7 and 3.8The ESPEN
classification for IF gives an insight into the anatomical reasons for bowel
dysfunction in the patients. Collectively, it can be observed th#te over-riding
OPAOET PEUOEIT 11T CEAAT Al AOOEEZEAAOQEITT &I O )
SBS in 44 of 56 patients; in particular for the category SBS(SBS with a
jejunostomy). Figure 3.1 shows the graphical distribution of patients
according to thar pathophysiological classification for IF. This was anticipated
since these patients are collectively more disadvantaged than those who have
SBSJC, who in turn are more disadvantaged than those who have SBES; a
finding concordant with other studies (Gouttebel et al. 1986; Nightingale et al.
1992; Simms and Jordan Jr. 1969)It accurately displays the type of patients
who require LT PN, those who have had substantial yet variable portions of
their bowel resected and consequently require LT IV feeding to replace the
fluid and calorie requirements that they cannot achieve theselves. However,
not all SBS patients are defined by requiring lifelong PN, some are able te re

sustain themselves on oral nutrition. One of the main findings from an audit
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by Gundogdu et al.(2016) showed that in the presence of an intact colon
(regardless of SB remnant length), all patients should be given the chance to
develop intestinal adaptation with careful nutritional management. Their
audit into clinical outcomes associated with SBS found that mortality rate
were greatly increased when smaller proportions of remnant bowel remained,

particularly if the colon had been removed as well (100% mortality).

) O xAO T AOGAOOGAA OEAO 1 AOAT OAOEA EIT £ZAOAO
complications (including cancer) wee the most implicated diseases when

patients were categorised in terms of their underlying disease that causes the

IF according to the ESPEN IF classification; demonstrated by the larger

number of patients with each disease¢ondition. These findingscorrelated

closelywith the disease distribution in 202 patients over a five year period in

Denmark (Ugur et al. 2006) Interestingly fifteen patients (25.4%) [15/59 (14

3"3h p&qY ET OEA AT EI OO0 xAOA 11 6AA AO EA
disease comparably i OA OEAT OEA puvb T &£ PAOEAT OO A

disease in the European survey byan Gossum et a(1996).

The next greatest number of patientséi 1| ET 0T OEA AAOACI OU |,
dysmotility 7 OAAT T AAOUSdh xEAOA OEA 11 OEI A ££01TAG
function as expected, secondary to another conditionPatients are often

diagnosed after exclusion 6 other disease states, namely obstruction and

mucosal disease, and cause attributed to either other conditions or undefined

idiopathic aetiology (Paine et al. 2013) A growing number of patients are

diagnosed with intestinal dysmotility and require HPN, the percentage of

patients from this study is appreciably similar to other studies (1814%) (Lal

AO A1 8 ¢mmen -OIT.AAU AT A /6+AAEA ¢nno(Q

Again, SBS was the prevailing manifestation when the participant cohort were
AAOACT OEOAA AAAT OAET ¢ OI( 00 E AFER OB UBEA G E |
of the single most attributable reason for which they required HPN as clinically
documented in medical notes (see Figure 3.2). The remaining patients were
evenly spread out across the other indications, with the exception of a small

minority categorised as needing HPN therapy for problems relating to gut
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motility. Conditions observed here included diverticular disease, Erhlers
Danlos syndrome and chronic pancreatitis, alongside idiopathic causes for Gl
dysmotility. These results suport those observed byRaman et al(2007) and
Van Gossum et al.1996) in which the largest amount of patients had SBS as
the indication for HPN, 60% and 31% respectively. In the UK and USA
respectively, the BANS group and SUSTAIN registry both report SBS as the
main indication for HPN(Smith et al. 2011; Winkler et al. 2016)

Over the last two decades, there has appeared a disparity in the diagnoses and
indications for HPN between the UK and the rest of the Europe. In a European
survey performed in 1993 from 488 patients, the leading underlying disease
for HPN was noted to be cancer (42%), of which 67% of patients were from
Italy and only 9% resided in the UK. Thidifference in HPN therapy for
malignant diseases can still be observed with our results and has been
corroborated by others in the field (Van Gossum and Messing 1997; Van

Gossum et al. 1996; Pironi et al. 2007 )For thefindings of the present study,

TAAOT U All DAOGEAT OO xAOA AT 1 OEAAOAA Oi
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disease and conditions). This is thought to be a reflection d@ghe funding
allocation for patients on HPN since the WHSSC do not fund patients with
active cancer relating to their HPN therapy. Understandably this is with the
view that these patients do not suitably meet the criteria for LT HPN therapy,
the guideline anly stipulates funding allocation for chronic conditions or as an
interim measure whilst awaiting reconstructive surgery (WHSSC Complex

Conditions Management Group 2014)
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Figure 3.1: Patients categorised according to their pathophysiological

classification for IF.

50
45
%) |
£ 40
g 35
8 30 -
S 25
3 20 -
E 15
>
Z 10 -
S 2 1 2 2
0 - — — - — t
£ & & & & &
N S RS ~ S > &5
N ° & N 3o Q)
N & & <@ N\
& G X
o ~ &
N S
Y o
° )
& ]
‘:)QO
Indication for HPN

Figure 3.2: Patients categorised according to their indication to receive PN.

3.5.3. PN-related factors

The characteristics of the population shown in terms of their HPN therapy are
as set out in Tables 3.9 and 3.10. Essentially, they depict the variable
requirements of the population in terms of their fluid and calorie

requirements. The Scientific Advisory Committee on Nutrition (SACN)
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approximate that the daily estimated average requirement (EAR) for adults
aged 5564 is 2581 kcal for men and 2079 kcal for wome(Scientific Advisory

Committee on Nutition 2011). One observes that the average calories in the
agueous and lipid feeds closely resemble the approximate requirements for
the general population when allowances/considerations are given for modest

oral (or enteral) feeding outside of the PNegimen.

On average, patients received more aqueous PN than lipid PN as part of their
PN regimen over the course of the week. Our findings closely resemble those
of another survey performed by the HAN & CIF ESPEN group whose patient
cohort also only included LT PN patients. They found the mean duration of
HPN was 7 years and the mean weekly number of nutritional bags was 5.6
including a mean of 1.6 lipid bags per weekVan Gossum et al. 2016)The
reasoning thought to be that HPN teams are more reserved in the
administration of lipid emulsions in clinical practice over the concern of the
development of intestinal failure associated liver disease (IFALD) associated
with their use (Cavicchi et al. 2000) IFALD is also more commonly termed as
PN associated liver disease however there exists dispute whethéactors
relating to PN or the IF itself are implicated as the root causative factors for
the onset of liver disease. Also, ESPEN HPN guidelines recommend that lipid
should constitute only 1530% of the PN regimen for LT patientgStaun et al.
2009). Dated studies have shown that-38.5% of total calories as fat appear to
prevent essential fatty acid deficiency (EFAD) and that cholestasis is common
when 500mL of IntralipidN is given more than three times a weekBarr et al.
1981, Cavicchi et al. 200Q)As one can observe, there is a fine balance between
providing sufficient lipid and creating adverse effects rom optimal or
overprovision. On one end of the spectrum minimal fat provision is
recommended to be no less than 1g/kg of body weight per day (in healthy
adults) to avoid essential fatty acid deficiency; no standards have been set for
LT HPN patients butti is expressly considered to be no more than this amount
over fears for inducing hepatic toxicity (Dupont et al. 2015a) In reality,
current patients are estimated to receive less than this recommendation for
lipid requirement (0.3-0.9 g/kg body weight per day)(Chambrier et al. 2004;
Pironi et al. 2003; Reimund et al. 2000; Reimund et al. 260 Vahedi et al.
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2005). Unfortunately, studies are sparse that relate to determining

appropriate lipid requirements in LT HPN, particularly with reference to the

different lipid emulsions and their relative efficacy, safety and toxicity profiles.
UltimaOAT Uh AAAEOET T O OACAOAEIT ¢ OEA EIT AI OOEI
result from a risk-benefit analysis between patients acquiring essential fatty

acid deficiency or developing IFALD. As mentioned previously, the area of lipid

inclusion in PN provision requires significant research, in terms of both the

types of lipid included in PN (e.g. LCT, LCT:MCT, olive, soy or structured lipids)

and lipid dosing requirements for patients(Calder et al. 2010; Dupont et al.

2015b; Raman et al. 2017)

In the participant population, on average the total calories in the feeds
containing lipid were higher than in those without (the aqueous feeds).
Although this is a likely occurrence as in general fat emulsions carry more
calories per volume than glucose (depettent on formulation and individual
PN components); reasons are thought to relate to ensuring patients receive
substantial provision of lipid in the feed because they are less frequently
administered (on average 1.45 per week). A rather delicate compromise
between giving sufficientlipid calories to reduce the likelihood of developing
EFAD and reducing liver complications from overprovision. Another factor
which contributes to this finding is the overall physical stability of the PN feed.
Often and in partialar for large volume feeds, greater quantities of lipid are
required in proportion to the aqueous components to ensure the physical

stability of the resultant emulsion (fat in water).

AEA AiTO0106 T &£ AAT AEOCI ET OEA bpAdgvdi 006 x A
an insight into the provision of calcium solely from the PN regimen of these

patients, so that the results could give an indication to whether they are

receiving adequate dosages. As the results show there is a large variation in

the amount of catium patients receive from their HPN regimen. However,

with hindsight, it is difficult to extrapolate conclusions from this data

DAOATI AOGAO xEAT OEA Aii1 01 O POAOAOEAAA EI
by the levels in their blood i.e. whether or not thg are within the normal

reference interval and require more or less calcium supplementation in PN.
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Also, this result should be interpreted cautiously in relation to calcium
provision and its effect on bone health because as with other nutrient
components,it is not known how much calcium these patients consume or

receive from their oral and/or enteral diet outside of their PN regimen.

Table 3.10 shows that the vast majority of patients received the preparation
Cernevit® to provide their fat and water-soluble vitamin requirements within

their PN regimen. As the usual preparations of choice for addition to lipid

feeds, Vitlipid N Adul® and Solivito N° were used in just over a third of the
OAi DI A PI POI AGETT O8 0. OACEI AT Omof OEEO
patients in the sample who had lipid feeds within their PN regimen (n=32).
Interestingly, only 12% (20.3%) of patients within the sample cohort received

TE from the preparation Additrace® which is marketed for LT use to provide

a daily dose of the nie essential TE. The direction to include these

x A

DOAPAOAOEIT O EI DPAOEAT OO8 0. OACEI AT O A

status from micronutrient blood tests i.e. patients showing deficiencies of
micronutrients would benefit from their supplementation and those with

excesses or toxicities would indicate removal of the compound preparation
from their PN regimen. This finding suggests that a large proportion of patients
are not being routinely supplemented with the preparation, are unsuitable for
TE suppdementation or have already had the preparation removed from their

PN regimen.

3.5.4. Technical aspects

On average all patients infused PN over 124 hours nocturnally and were all
fitted with a form of central venous catheter to allow administration of he PN

feed; most frequently a singldumen broviac tunnelled catheter.

3.5.5. Coprescribed medicines

The data show the wide range for the extent of polypharmacy in the sample
population, particularly in terms of the number of ceprescribed medicines the
patients administer alongside their HPN therapy. Reasons for this variation

are thought to relate to the variable medication needs of patients within the
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average age group of the sample cohort, the burden of-eaisting medical
conditions and Girelated pharmacologic treatment needs (e.g. high dose

loperamide and codeine to help slow intestinal transitYNightingale 2006).

When medication data were subcategorised according to the different classes
of bone health medicines, it was clear to see that declining bone health is a
complication in the patient group. Results showed that 66.1% of patients
required vitamin D supplementation outside of their PN regimen to help
maintain bone health through its natural role in maintaining calcium and
phosphorus serum concentrations to promote mineralization of bonéHolick
1996). Also, 30.5% of patients required bisphosphonate treatment in an effort
to improve BMD; the® patients have a defined diagnosis of osteoporosis to
necessitate treatment with bisphosphonates. However the possible
implication of PN therapy warrants further investigation considering the
multifactorial nature of the onset of osteoporosigCohenSolal et al. 2003) Of
note, all patients receiving calcium supplements were also maintained on
vitamin D supplements, whether in combinedsupplement form (e.g. Adcal

Ds® ), or administered separately.

3.5.6. Other discussion points

This present study on the HPN population in Wales has been a unique
opportunity to capture the demographics and characteristics of the population
as a whole. However, there exist certain limitations to the study, the sample
cohort only represented approximately 60% of the total population of HPN
patients in Wales and was a small sample in itself considering an estimated UK
prevalence of 16001700 patients. Although the results from the study give an
accurate representation of HPN in Wales, they may not bemgralizable to the
whole HPN population in the UK. There are other technical considerations
between different HPN centres in terms of their routine practices, approach to
managing patients and their nutritional requirements. On the other hand, the
advantages of this study over other studies is that all the patients were
uniformly recruited from a single centre by a single research team, and as such
there were no inconsistencies in data entry or their interpretation; all tests

were performed according to laal guidelines and protocol (without varying
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practices between different centres). The accurate nature of the patient
medical records as a data source strongly supports the validity of the findings.
Its thoroughness and completeness as data source meanstiall relevant data
from all participants was collected to give the most accurate representation of
the population. The end result of the study being acomprehensive
presentation of characteristics for the HPN population in Wales with a

detailed/in -depth analysis.

3.6. CONCLUSIONS

In summary, this smaltscale study has confirmed current findings for disease
characteristics and shed light on PN requirements in HPN populations. The
specialised nature of the LT HPN field and its niche attributes have been
presented with associated research findings to add to the body of HPN work
and inform those of interest, patients and service providers alike. This chapter
has highlighted some avenues for follovup in subsequent chapters, including
the use of compound TE aditives and their suitability for the LT PN
population (e.g. if micronutrient preparations are marketed for the daily needs
of all LT PN patients, then why are more patients not receiving themhnother
notable finding and potential research avenue realisg during data collection
was the number of patients receiving treatment for bone disease, an area of
pressing clinical concern that warrants further research into PNelated
parameters which can affect patient bone health. Further studies will
undoubtedly show that HPN practices will continue to evolve as the HPN
knowledge-base grows and as clinicians aim to provide optimal HPN therapy
for LT patients, especially those with IF. By documenting and evaluating HPN
patients and their associated PN characterists it helps to better LT PN

management and clinical monitoring of the effectiveness of PN provision.
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4.1. INTRODUCTION

This chapter serves as an introduction for information relating to
micronutrients, their monitoring and dosing in HPN patients while also
providing a concise review of the relevant literature pertaining to each
micronutrient in relation to the occurrence of nutritional abnormalities in LT

PN patients.

4.1.1. Micronutrients - background

Micronutrients are essential components of atrition and therefore LT PN As

a group they comprise both TE and vitamins. They are vitally important for

body cellular functions at biological, chemical and molecular levels. Their roles

include mediation of biochemical reactions (as cfactors for enzymes), acting

to stabilise or conform protein structures as well as receptossite interactions

(Prashanth et al. 2015) These processes require micronutrients and occur in

the natural body systems including immune, antioxidant, inflammatory and

metabolic functions. Humans have ongoing constant micronutrient
OANOEOAIT AT 6O O1I EAADP AT AU 1 AOAT O OxEOEE
DAOEAT 608 0. OACEIi AT O OI AT OO60OA OEAU Al
micronutrient abnormalities have been shown to acur in LT PN patients

causing nutritional deficiencies and toxicities(Rudman and Williams 1985;

Forbes and Forbes 1997; King 2015; Shenkin 2015c)possibly due to

concurrent medical conditions and/or over or under provision of

micronutrients in the PN regimen.

4.1.2. Micronutrient status in HPN

As mentioned previously, there is a variable degree of dependency on HPN;
some patients rely completely on PN to sustain themselves whereas others can
have variable or uncertain nutritional intake from Glabsorption of what
limited diet they are able to consume orally. For this same reason there also
exists variable micronutrient requirements in PN between the individual LT

PN patients.
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Patients receiving LT PN fulfil their micronutrient needs (both TE mad
vitamins) from commercial micronutrient preparations supplemented
directly into the PN feed. The micronutrient preparations available in the UK
have generally been developed to provide more than basal amounts of all
micronutrients; the rationale being that catabolic patients would require
increased micronutrient provision, or others may have increased losses (e.g.
high-output stoma) or some patients may already present with deficiency
states (Shenkin 2015b). The daily doses present in the daily unit vials are
genrerally more than the oral dietary reference intakes and should be more
OEAT OOA&£ZEAEAT O O1 1 AAO DPAOGEAT 008 1 AAAOF
bypasses Gl absorption and its associated essential loss@Banel of Dietary
Reference Values 1991) The recommended requirements and doses of
micronutrients in PN have recently been disputed byanek et al(2012); their
recommendations will be discussed in relation to the study results laten the

chapter.

4.1.3. Commercial micronutrient preparations

Tables 4.1 and 4.3how the different doses of micronutrients in the currently
available micronutrient preparations. Worthy of note, these preparations are
trademarked under different names inEurope e.g. Solivito/Soluvit, Vitlipid N
Adult/Vitalipid N.

Elsewhere in Europe, the preparation Additrac& has been replaced with a
newer product called Addever® containing less zinc, copper and manganese,
alongside more selenium. Similarly, a longstandg but now discontinued
preparation called Deca® has been replaced in some countries by Nutryéeit
which contains less copper, manganese and fluorine, alongside increased
provisions of selenium and iodine. Unfortunately these newer preparations
face oppaition against routine inclusion in PN amongst homecare PN

suppliers in the UK.
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Table 4.1: Trace element product compositions and international recommendations.

ESPEN ASPEN
recommende
Trace recommende q
RNI RDA | ddaily doses : Additrace ® | Addeven® | Decan® | Nutryelt ® | Tracutil ®
element requirements
(mmol) (mmol) (mmol) mmol mmol mmol mmol mmol
(mmol) S (mmol)
(Pironi et al.
2016) (Vanek et al.
2012)
Chromium 0.5 0.6 0.2-0.3 0.2-0.3 0.2 0.2 0.289 0.19 0.2
Cobalt NR NR NR NR - - 0.025 -- -
Copper 19 14 4.7-.9.6 4.7-7.8 20 6.3 7.55 4.7 12
Fluoride 200 158 NR NR 50 50 79 50 30
lodine 1 1.2 0.51.2 NR 1 1 0.012 1 1
Iron 9.5 8 17.9 NR 20 20 17.9 18 35
Manganese 26 42 1.1-1.8 1 5 1 3.64 1 10
Molybdenum 0.54.0 0.5 NR NR 0.2 0.2 0.261 0.21 0.1
Selenium 0.75-0.95 0.7 0.2-0.8 0.75-1.25 0.4 1 0.887 0.9 0.3
zZinc 145 170 38-61 46-77 100 77 153 153 50

Note: RDA, Recommended dietary allowance (USA); RNI, Reference nutrient intake (UK); NR, no recommendation.
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Table 4.2: Vitamin product composition and international recommendations

ASPEN recommended

VltaT n RNI DRI requirements Vf;plﬁ CL\I Cernevit® Solivito N®
{iri) (Vanek etal. 2012) u

Vitamin A (pg) 700 1000 990 990 1050 --
Vitamin E (mg) 5 10 10 9.1 10.2 -
Vitamin D (ug) - 5 5 5 5.5 -
Vitamin K (ug) 70 80 150 150 - -
Biotin (pg) 100 150 60 -- 69 60
Folic acid (ug) 200 200 600 -- 414 400
Niacin (mg) 16 19 40 -- 46 40
Vitamin B1 (thiamine) (mg) 0.9 15 6 -- 3.51 3.1
Vitamin B2 (riboflavin) (mg) 1.3 1.7 3.6 -- 4.14 3.6
Vitamin B6 (pyridoxine) (mg) 1.4 2 6 -- 4.53 4
Vitamin B12 | 15 5 5 3 5 5
(cyanocobalamin) (ug)

Vitamin C (mg) 40 60 200 -- 125 100

Note: DRI, Dietary Reference Intake; RNI, Reference Nutrient Intake.
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4.1.4. Nutritional abnormalities - background

As previously mentioned, it has long been wekstablished that LT HPN
patients are at risk of developing nutritional abnormalities (King 2015;
Rudman and Williams 1985Shenkin 2015b; Staun et al. 2009; Van Gossum et
al. 2009). This is particularly notable for the micronutrient components of PN
l.e. vitamins and TE, because it can be difficult to gauge the individual
requirements for the diverse and complicated HPN pagdation (Shenkin
2015b).) T OEEO AEAPOAO xEAOA OEA OAOI O1 660E
in this context, it refers tothe result of a recorded blood test for a particular
micronutrient going out of its specified reference range in an individual HPN
patient, either into deficiency or excess. The effects of having a nutritional
abnormality can be diverse; in the context of deficiency they are known to
relate to ineffective function relating to each individual nutrient and their
associated physiological rolesToxicity states can act similarly, disrupting
physiological function but also causing cellular damage and potential
deposition in tissues. It has long been considered that micronutrient
abnormalities in PN may be associated with specific symptoms, for exaie
selenium deficiency and hair loss, vitamin A deficiency and nighime
blindness, manganese toxicity and neurological movement disorders or zinc
deficiency and skin rash; the evidence for each varies consideral{®aniells
and Hardy 2010; Hardy 2009; Maskarinec and Fowler 2016; Sidana et al. 2015;
Vanek et al. 2012)

In the late 1990s it was recognised that there was a lack of investigation into
how nutritional deficiencies occur, their extent and clinical signiftance(Van
Gossum and Neve 1998)Much of the research that has been performed over
subsequent years has been difficult to place in clinical context because it
mostly relates to individual nutrients and is limited to case reports of nutriem
deficiencies or toxicities. Of the research performed, nutritional abnormalities
have been most notably demonstrated for the vitamin, TE and electrolyte
components of PNgonstituting the micronutrient components of PN(Shenkin
2015b; Sobotka 2011; Staun et al. 2009)They are required in far smaller
quantities with usual daily requirements of less than 100mget are still vital

nutritional components (Prashanth et al. 2015) The reason for the occurrence
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of nutriti onal abnormalities is unclear and difficult to comprehend since HPN
is tailored to the individual needs of each patient. Although it is thought that
their smaller dosage requirements and less frequent monitoring, alongside the
potential for patient requirements to fluctuate may play a role in the

occurrence of nutritional abnormalities.

Most reports of deficiencies in HPN patients relate to the omission of a
particular nutrient from the PN admixture, which in turn results in that
particular deficiency. In previous years shortages of injectable multivitamin
preparations has been reported to be responsible for nutritional
abnormalities arising from the rationing of supplies of vitamins in IV
preparations in patients from the US(Centre for Disease Contl and
Prevention 1989; Centre for Disease Control and Prevention 1997; Hanson et
al. 2012). It is generally accepted that the longer a patient receives a set
(defined) PN formula, the higher the risk that the formula will not match the
nutritional needs of the patient(Fuhrman 2002; National Advisory Group on

Standards and Practice Guidelines for Parenteral Nutritro 1998).

The stated micronutrient requirements for HPN differ markedly between USA
and Europe (US Dietary Reference Intakes set by the Food and Nutrition Board
versus the Panel of Reference Nutrient Intakes set by the Department of
Health). Vanek et al(2012) published a comprehensive report on TE and
vitamin requirements in PN. A notable point discussed in this report was the
difference between the recommended oral and intravenous intakes of
micronutrients. They explained the efficiency of intestinal bBsorption and
homeostatic control/regulation of micronutrient levels from an oral diet; by
comparison to the provision of IV nutrition to HPN patients which bypasses
homeostatic control. The resultant variable IV nutrient requirements for HPN
patients is additionally confounded by inter-patient variation, conveying the
difficulty in accurately gauging micronutrient requirements in LT PN patients.

It is worth noting that guidance for nutritional reference intakes are intended
for a fit and healthy population rather than those with complex medical needs
as demonstrated by patients on LT PN, their use as an acceptable and accurate

comparative standard could be cause for debate.

90



TE supplementation by prescribers is usually directed by serum TE
concentrations and it has been recognised that interpretation of the results
from a patient® TE biochemistry can be complicated. It is thought that there is
poor correlation of serum TE concentrations with tissue stores of TEBtaiche
et al. 2011) This can make it difficult to calculate the exact amount of TE that
a patient requires, especially if they have other medical problenmaffecting TE
clearance from the body e.g. cholestatic liver disease can lead to the
accumulation of manganesg¢Hardy 2009). On the other hand, TE leals have
been known to fall in situations of infection or metabolic stress which may
complicate analysis by not truly indicating a deficiency stattMeadows 1998).
The clinical accuracy and reliability of results from tests for blood
biochemistry are clearly confounding factes in the correct interpretation of

micronutrient status in LT PN patients.

Some possible explanations which may help to explain how nutritional

abnormalities come to occur are as follows:

- Instability or compatibility issues arising during compounding orstorage
of PN may be responsible for reduced nutrient doses being delivered to

patients (Ferguson et al. 2014)

- Contamination of materials used during the manufacture of the PN
admixture could increase the contenbf certain micronutrient components
(Bohrer et al. 2001) For instance, individual solutions or aseptic materials
(e.g. metal needles or tubing) canasult in excess provision of aluminium,
chromium and manganese via contaminatioriBtaiche et al. 2011; Hardy
2009; Leung 1995)

- Errors or mistakes associated with the PN composition and regimen could
be responsible for nutritional abnormalities. For example, the final PN feed
not containing the correct compositon of nutrients or the inadvertent

omission of necessary changes to PN formulation during clinical review.

- Longterm administration of a set PN regimen (of the same composition)

i AU OAOOI O ET A DPAOEAT 060 1 OOOEAT O

instance, even doses that are only slightly high or low could result in
nutrient levels going out of range when given over a long period of time
(Fuhrman 2002).
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- Patient monitoring (tests/clinic visits) not occurring as frequently as
Al ETEAATT U TAAAOOAOU8 )1 AEOEAOAT DPAOEA
change over time and the PN formulation may gradually become less
appropriate for the patient. The PN is not changed in time with the patiegt

nutritio nal needs(Shenkin 2008).

- Patient-specific factors may influence thelistribution and utilisation of the
PN components within the body(Fessler 2013; Shenkin 2008; Staun et al.
2009).

Some weltknown factors that put HPN patients at risk of nutritional deficiency

include:

- Deliberate removal of compound micronutrie  nt preparations from a
patient & PN regimen. Some micronutrients are only available in specific
combination products and certain clinical situations may necessitate the
removal of the product from the regimen altogether. For instance impaired
liver excretory function can lead to accumulation of manganese and of
copper, which is of concern in patients on HPN given that standard
micronutrient preparations may contain too much of several metals for
long-term intravenous administration (including manganese anctopper).
Removal of the compound preparation from the patier® PN regimen may
in turn result in patients becoming unavoidably depleted of other essential
micronutrients (Fuhrman et al. 2000; Spiegel and Willenbucher 1999;
Staun et al. 2009)

- The variation in PN regimen. Same patients may receive PN therapy only
a few days of the week to supplement their oral intake, by comparison to
others who require it every day. There must be some residual gut function
for these patients to absorb macronutrients and micronutrients on the
days when they do not receive PN. However it depends on the composition
of food and balance of micronutrients irthe patient® oral diet whether the
patient can meet their requirements in terms of TE and vitamingShenkin
2015b). Likewise, some patients may not receive lipid emulsieoontaining
PN as frequently as agueous PN, and consequently there may be limited

provision of fat-soluble vitamins.
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- Instability of micronutrients within the PN admixture . The instability
of micronutrients within PN admixtures has been weldocumented and
can result in less than the intended prescribed nutrient dose being
administered to patients. Some examples include the oxidation of ascorbic
acid (vitamin C) when oxygen permeable bags are used or the ability of
copper to complex with some amino acids, resulting in reduced
bioavailability (Allwood and Kearney 1998; Dupertuis et al. 2005; Thibault
2014). Another being the photedegradation of retinol (vitamin A) by
ultraviolet light (Allwood and Plane 1984) For these reasons surrounding
micronutrients and the risk of instability within the PN formulation, it is
common practice to make additions of micronutrients to PN immediately
before infusion (Baines et al. 2001) However, this is not always the case
for HPN patients who often have their formulations compounded remotely

and delivered at weekly or two weekly intervals to their home residence.

4.1.5. Quidelines and monitoring of micronutrient status

Guidelines recently published by ESPEN recommend that LT PN patients are
regularly monitored. This includes anthropometry (body size measurements),
blood biochemical measurements at each clinic visit, annubone dual energy
X-ray absorptiometry (DEXA scanning and micronutrient testing (for TE and
vitamins) at least every 6 months(NICE 2006; Staun et al. 2009)Over time,
the results from these tests have revealed nutrient abnormalities in some
patients. A nutritional abnormality is considered to be when the result ba
particular test has gone outside of its normal reference range, resulting in
deficiency or excess for the specific nutrient. Healthcare professionals
involved in the care of LT PN patients need to be aware of how to monitor,

manage and resolve nutrienabnormalities.

ESPEN guidelines recommend that micronutrient assessment should be
performed for HPN patients at initiation and then at six monthly intervals
(Staun et al. 2009) Clinical management of the pati®®& micronutrient status
can then be performed. For instance, further supplementing the PN
formulation to correct any deficiencies or reducing doses in PN to correct any

nutrient excesses.
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Forbes and Forbeq1997) have previously shown that micronutrient status
may not be optimal even with attempts to supplement the micronutrient needs
of the patient. Nevertheless it has now generally been considered that so long
as there is regular review of a patien® regimen to ensure adequate
micronutrient provision, the event of a patient developing clinically relevant
levels of deficiency should be rar¢Shenkin 2015a) This can appear confusing
when blood test results indicate values outsid the reference range, which in
turn continues to raise questions around the stability of micronutrients in PN
and the adequacy of their provision in patient formulationsShenkin (2015c)
has also explained how the safety margin between the adequacy of provision
and toxicity is large, and that it is difficult to overprovide micronutrients to
patients in their feeds. However this is not the case for copper, manganese and
vitamin D where there appears to be a fine balance between adequate and
over/under -provision (see further detail underOAAQOET 1 O Ot18¢8p8p 85
Ot 8¢8¢8168) OAOPAAOEOGAI U

4.1.5.1. Accuracy of micronutrient assessment

There are difficulties in gauging exact TE redqeements for LT PN patients
based on current assessments for nutritional status. For instancéhere exists
poor correlation of serum TE concentrations with tissue TE store@taiche et
al. 2011), as well as underlying conditions that can affect TE balance e.g.
copper accumulation in hepatic cholestasis or selenium/zinc losses via Gl

stomal fluids.

A hot topic within the literature was the lack of confidence in the correlation
between micronutrient dosing, serum/plasma levels and tissue/body stores,
particularly in the accuracy of micronutrient biochemical tests to define
specific nutritional status (Btaiche et al. 2011) In practice, this proves
troublesome for practitioners who are trying to interpret the values and their
clinical context for each individual scenariolt also emphasises the need for
newer and simpler biomarkers for use in the assessment and interpretation of

micronutrient status in the clinical setting (Daniells and Hardy 2010)
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There are some difficulties involved in the assessment of micronutrient status
for HPN patients. For instance, it can prove challenging for clinicians to identify
micronutrient abnormalities because the signs and symptoms of a deficiency
or toxicity are neither specific nor sensitive for each micronutrient(Fuhrman
2002; Fuhrman 2006). Also, the time taken for a deficiency to develop can vary
widely, ranging from several weeks in the case of iron to months or years for
copper or selenium; with only extreme deficiencies leading to the
development d clinical symptoms (Gallitelli 1995). It therefore makes the
clinical determination of which nutrient needs to be reduced, omitted or

increased problematic to acipher.

Another issue to consider is the choice of laboratory test for the suspected
deranged micronutrient. The predicament being which sample to test (e.qg.
blood, serum, tissue, urine, hair) and the individual reliability and
accurateness of each sanp (Gallitelli 1995; Fuhrman 2006). This large
variation in samples and tests makes it difficult to standardise or interpret
deficiency or toxicity states. A good example being the novel biomarkers for
selenium which have now increased the complexity of assesgjnselenium

status and requirements(Neve 2000).

Another well-documentedfactor which affects interpretation of micronutrient
test results is the acute phase response (APR). It is a plasma protein response
which is a part of a complex series of physiological, haematological and
biochemical events that make up the inflammatoryresponse which occurs
after tissue injury, illness or infection (Nichol et al. 1998) The size and
duration of the APR are related to the nature and severity of the injury, as well
as the presence of sepsi®avies and Hagen 1997)The plasma concentrations

of micronutrients such as selenium, copper, iron and zinc alter during active
inflammation, depicted by raised @eactive protein (CRP) and give @
inaccurate presentation in biochemistry test resultgFraser et al. 1989) HPN
prescribers are advised to be aware of the effect of the APR on assessment of
micronutrient status in HPN patients, especially when implementing dose
changes in their PN'Shenkin 2008; Staun et al. 2009)
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4.1.5.2. Contamination of PN admixtures.

A relatively recent discovery is that PN admixtures can become contaminated
from the individual solutions used in the manufacturing process An
unintentional occurrence by which TE are present as ubiquitous contaminants
in various solutions; the degree ofPN contamination made worse via its
manipulation with various equipment during PN manufacture. A study by
Pluhator-Murton et al. (1999) demonstrated that there was the potential for
trace element toxicity from contaminated PN solutions. They identified tt
measured concentrations of TE in combined TE additives were higher than
stated values and the relative amount of contaminated TE delivered to the
patient could be substantial(Pluhator-Murton et al. 1999). This stresses the
need for thorough sampling, handling and measurement techniques in the
preparation of PN admixtures to ensure avoidance of contamination
(Buchman et al. 2009) The micronutrients most notably implicated as
contaminants of PN solutions include aluminium, chromium, iodine and
manganese; such contamination coul@dontribute or be responsible for TE
toxicity states (Bohrer et al. 2001; Hak et al. 1998; Hardy 2009; Kruger et al.
2013; Moukarzel 2009). Where possible, monitoring and assessment of

nutritional status should factor in the complication of PN contamination.
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4.2. REVIEW OF RELEAMNT LITERATURE

A review of the rekevant literature relating to micronutrient abnormalities
(deficiency and toxicity of both vitamins and TE)was performed between the
years 2015 and early 2017Subscription to online literature publicati on alerts

allowed notification for the latest relevart publications during this period.

Rather than use an explicit and detailed search strategy, an unrestricted non
specific literature search was performed using Google Scholar. This enabled
full control over all the relevant literature to be included, without
unintentional omission of pertinent literature via a restrictive and complex
search strategy. For example, many different scientific and colloquial terms
exist for subject themes related to the literature review; micronutrients can be
known under different names and/or abbreviations (e.g. vitamin B12,
hydroxycobalamin, cobalamin), as different biological forms (e.g. vitamin D,
vitamin Ds, cholecalciferol, colecalciferol, 1,2%lihydroxycholecalciferol, 25
OH vitamin D, activated 7dehydrocholesterol), orselectively termed together
(e.g. Bgroup vitamins or water-soluble vitamins). Additionally, terminology
for expressing nutritional abnormalities can differ (e.g. toxicity/excess). A
restrictive search strategy may have resulted in important literature béng
overlooked. Selective identification of relevant literature was also found via a
001 1T xAAT 186 OOUI A OAAET ENOA E1 xEEAE
chosen) from the bibliography of another publication. While not the
conventional choice of eidence-based literature review, the following
literature appraisal provides an adequate introduction for the topic of
nutritional abnormalities in LT PN patients. Although it aimed to include all
relevant publications and scientific text, a degree of setéive bias cannot

however be excluded.
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4.2.1. Noteworthy micronutrient abnormalities - TE

There are nine essential TE(chromium, copper, fluoride, iodine, iron,
manganese, molybdenum selenium , zinc), five of these(in bold font) are of
greater clinical interest because there are concerns surrounding their safe
supplementation in PN and they will each be discussed in greater detail. For

the same reason they are the only TE routinely monitored by C&V UHB.

4.2.1.1. Copper

Copper is essential for cell metabolism, having high concentrations in the liver
and brain. It acts as a céactor for many vital enzymes involved in energy
metabolism, immune functioning, iron metabolism and wound healing
(respective examples of enzymes ding cytochrome C oxidase, coppeginc
superoxide dismutase, caeruloplasmin and lysyl oxidasd€¥Collins and Klevay
2011).

Deficiency is a weHknown occurrence, particularly in LT PN when the copper
provision is less than the necessary adult requirementgFessler 213). The
most common risk factors for deficiency include malabsorption following
surgery, excessive zinc provision, burns injuries and increased Gl losg&hike
et al. 1981; Berger et al. 1992; Prodan et al. 2009; Shik@09). It has been
shown that shortages of micronutrient preparations have been responsible for
copper deficiency in the past(Pramyothin et al. 2013) Deficiency presents
itself with neurological abnormalities as well as haematological features such
as anaemia and neutropenigKumar et al. 2004; Juhas®ocsine et al. 2007;
Prodan et al. 2009) Authors have discussed the late presentation of copper
deficiency since serum copper is initially replenishedrom hepatic stores, an

example being up to nine years posbperative (JuhaszPocsine et al. 2007)

Copper toxicity is thought to result in oxidative damage to cell§Gaetke et al.
2014). Gaetke ¢ al.(2014) showed symptoms relating to copper toxicity from
contaminated water to be abdominal pain, vomiting and diarrhoea. It has been
known to occur in LT PN through excessive provision in the feeds. Normally

homeostatic mechanisms prevent copper accumulation ithe body, however
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impaired biliary excretion and cholestatic liver disease are known to
contribute to copper toxicity (Blaszyk et al. 2005; Howard et al. 2007Blaszyk
et al. (2005) showed that elevated hepatic copper levels (>35g/g) were
reported in 89% of adults with abnormal liver enzymes levels who were ohT
PN. It is important to note that in this study the authors believedt was PN
induced chronic cholestatic liver disease which lead to the increased copper
levels and that it was unlikelyto be a direct overload of copper from the PN
regimen; thus displaying the multifactorial nature of nutritional

abnormalities.

Assessment of copper status and the related interpretation of patient
requirements are complicated by the fact that the curreh available
biomarkers are unreliable; due to insensitivity and the potential for false
readings of toxicity from confounding factors. A weltknown example being the
effect of the acute phase response (APR), which stimulates hepatic synthesis
of caeruloplasmin during related inflammation (resulting from conditions
OEAI OA1 OAO A8c¢c8 #OiIEIT 60 AEOAAOAQ xEEAE
copper concentration, regardless of the true copper status in patien{€ollins
and Klevay 2011) Also for this reason, results that are within range during
inflammation cannot reliably exclude deficiency. Another reason for poor
reliability of measurement of serum copper is that it is known to correlate
inadequately with tissue accumulation i.e. patients with copper toxicity may
still have results within the reference range(Blaszyk et al. 2005) Therefore it

is apparent that the full clinical picture should be taken into account,

particularly if symptoms of deficiency or toxicity are present.

As with other TE, copper is a known contaminant of PN but without intended
supplementation it is not thought to result in sufficient dosing for LT patients
due to the numerous case reports of deficiencyKarpel and Peden 1972;
Dembinski et al. 2012; Pramyothin et al. 2013; Frankel 2016)

Over the last few decades, there has been dispute over the recommended dose
of copper required by patients on LT PN, resulting in updated dosing guidance

from ASPEN in 200ZMirtallo et al. 2006). The guidance recommends a copper
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dose of 0.30.5 mg/day (4.74-7.90 umol); approximately two-thirds lower
than previous recommendations (ASPEN Board of Directors and the
Guidelines Clinical Task Force 2002)Regrettably, in a review undertaken by
ASPEN the current multicomponent TE preparations in Europe and the USA
have been shown to provide up to twice the necessary copper requirements in
LT PN, potentially causing toxicity(Vanek et al. 2012) Overall, it is clearly
important to note the tendency for both the late presentation of deficiency, its
reversible nature with corrective supplementation and also the potential for

toxicity in patients with cholestatic liver disease.

4.2.1.2. Iron

Iron is a vital TE in humans, it is contained within the biomolecule heme which
is found in both haemoglobin and myoglobin. Both are complex pteins which
bind iron and oxygen in blood and muscle, respectivelfLieu et al. 2001) Iron

is also functionally associated with bodily enzymes such as cytochromes,
catalases and peroxidasegPrashanth et al. 2015) It is usually only absorbed
from food when necessary and binds to the transport irofprotein called
ferritin. Iron absorption and metabolism is unique in that absorption is only
mediated when body staes are deplete, iron excretion not being regulated
(Vasudevan et al. 2013) Clinical iron deficiercy results in severe disorders,
one of the most notable being irordeficiency anaemia(Lieu et al. 2001)
Diffuse hair loss has been postulated to be associated with irateficiency
anaemia in LT PN however the authors noted the limited evidence and data to

support the connection(Daniells and Hardy 2010)

Forbes and Forbeq1997) noted that approximately 30% of HPN patients in
their study developed iron-deficiency anaemia. Suggestions to the reasons for
its occurrence being that micronutrient preparations and patient formulations
contain low doses of iron and are limited in the amount that can be
supplemented in each feed by its physical solubilityKoletzko et al. 2005;
MacKay et al. 2009) In patients for whom this does occur, iron dextran
infusions can be given to correct clinical deficiencyVanek et al.(2012)
explained that iron deficiency can occur simply due to short bowel, especially

since iron is absorbed in the duodenum where some patients may have had
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extensive surgical resetions. They also stressed the difficulty in gauging a
single recommendation for iron requirements in PN because of the variable
requirements in menstruating women or patients who require frequent blood
draws which have the potential to induce a negativaon balance(Burns et al.
1996). Also, it is not routine practice in the US to suppleemt lipid-emulsion
containing PN with iron based on the theory that trivalent cations (F&) can
destabilise the lipid emulsion (Fessler 2008), alongside the potential for 1V
administered iron to cause adverse anaphylactic reactions. By comparison to
the US, iron deficiency in PN patients in the UK is marginally less of a concern
since iron is routinely provided in multicomponent TE preparations (20umol)
which are supplemented in PNjhowever it is rarely achievable to supplement
much more than this dose in PN admixtures due to solubility limétions. In
these situations, patients would then require further parenteral iron

supplementation outside their PN regimen e.g. iron dextran.

4.2.1.3. Manganese

As an essential micronutrient manganese plays a key role as a component of
various enzymes needed in the synthesis of glycosaminoglycans and
glycoproteins, required as components of connective tissue. Manganese is also
needed for tissue naintenance, wound healing and energy metabolism; also as

a cofactor for mitochondrial enzymes, especially superoxide dismutase.

The number of patients pesenting with manganese toxicity has been a
troubling concern for many years because of its clinicapresentation of
neurotoxicity and associated parkinsoniadike symptoms resulting from
deposition in the brain (Bertinet et al. 2000; Fell et al. 1996; Reynolds 1994;
Reynolds 1998) It is thought to relate to the presence of manganese as a
ubiquitous contaminant in commerciallV admixtures and from general over
provision in PN (Reynolds 1994; Bertinet et al. 2000; Hardy 2009; Conway et
al. 2014). Complications relating to manganese toxicity are more renowned
they include cholestatic liver disease and iron deficiency. Around 90% of
manganese is excretedni bile and as such patients with cholestatic liver
disease accumulate manganese (from reduced excretion); a clinical situation

made worse with excessive over provision of manganesgiambidge et al.
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1989). Also, iron competes with manganese for absorption and the event of
iron deficiency, there is more manganese available for absorption, leading to
toxicity (Kim and Park 2014). The potential clinical consequences of
manganese toxicity (hypermanganesaemia) is the development of subclinical
tissue accumulation (symptoms not always readily observable) which can lead
to possible irreversible neurotoxicity and parkinsonianlike effects if not dealt
with promptly (Bertinet et al. 2000; Dickerson 2001; Harg et al. 2008; Santos
et al. 2014)

While there have been many reports relating to manganese toxicity;
manganese deficiency is considered a verare occurrence. Only one patient
has been documented as deficient in manganese, presenting with weighs$
osteoporosis and abnormal blood clotting(Norose et al. 1992) Hardy et al.
(2008) and Santos et al(2014) have further stated the scarcity ofmanganese
deficiency and that there is little evidence of its occurrence in human

populations.

Manganese is a known contaminant of PN, occurring during compounding of
the PN admixture(Hardy 2009). The study byPluhator-Murton et al. (1999)
showed that contamination is increasingly likely to occur wtih commonplace
PN solutions of calcium gluconate, magnesium sulphate, sodium chloride and
potassium chloride but were unable to give reasons for its occurrence. A dated
view by some experts suggested that owing to the extreme unlikelihood of
deficiency, manganese requirements were likely to be met by manganese
contamination alone in the PN admixture(Dickerson 2001). However this
standpoint has been recently contestedASPEN currently recommend an adult
dose for manganese supplementation in PN &5 pg (1 pmol)/day (Vanek et
al. 2012). This is considerably less than the current dose in the widelysed
preparation Additrace, 265 ug (5 umol)/day. Rationale for the decreased
recommendation from ASPENomes from a study in which the reduced dose
maintained blood manganese results within the reference interval, without
detectable changes irmagnetic resonance imaging NIRI) signal intensity (a
measurement of toxicity) (Takagi et al. 2@2). The evidence base for this

decision was backed by a recent systemic review [Baker et al(2016); yet in
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light of their concise review of the evidence, they stated there was limited
evidence behind the rationale for not supplementing manganese in LT PN
patients. In recent years, many experts have recommended the intravenous
provision of manganesein current additives to be reduced in line with
recommendations from 2651y (5umol) to 55ug (Inmol) per day (Shenkin
2001; Hardy 2009; Vanek et al. 2012)

To clinically manage manganese toxicity, often the muiiE preparation must
be removed entirely from the PN regimen and the other TE administered
separately to the PN feed (where a suitable product exists) or infused
separately. This practice can incur consequential effects in that patients miss
out onother TE where there is no alternative preparaton for supplementation
e.g. iodine or chromium. Management of safe and optimal manganese
provision in LT PN is labour intensive and clearly indicates a need for more

suitable multi-trace element components.

4.2.1.4. Selenium

Selenium is a physiological @amponent of selenoproteins in the bodyLu and

Holmgren 2009). These proteins hae roles in antioxidant defence, decreasing
inflammation, regulation of thyroid hormone metabolism and regeneration of
reduced vitamin C. Glutathione peroxidases are a welksearched category of

selenoproteins and an important group of antioxidant enzymes

Selenium deficiency has been noted as a clinical problem, responsive to
selenium supplementation(Van Rij et al. 1979; Baker et al. 1983; Levander
1984; Abrams et al. 1992; Shenkin 2009; Etani et al. 2014; Chen et al. 2016)
Clinical implications of selenium deficiency result from impaired activity of
selenoproteins with resultant impairment of antioxidant system and immune
system. During LT PN, deficiency also clinically presents as cardiomyopathy
and muscle weaknesgBurke and Opeskin 2002; de Berranger et al. 2006)
Further clinical features of selenium deficiency and toxicity are described in
Table 4.3; note hat states of toxicity are significantly less reported in LT PN

patients than states of deficiency.
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Table 4.3: Causes and clinical features of abnormal selenium status.

Renal

Muscle weakness

PN

Causes for Clinical features of Causes of toxicity Clinical features of
deficiency deficiency toxicity
- Acute illness - Anaemia Excessive - Altered mental
- Burns - Cardiomyopathy ST U
provision and i '
- Decreased dietary| -  Growth . e
intake
intake retardation - Garlic breath
Excessive
- Gllosses - Hairloss . - Hairloss
exposure in salt
- Insufficient PN - Macrocytosis soil, food or water | -  Nausea
S GEmEen | Myopathy Over-provisionin | -  Vomiting

- Abdominal pain
replacement

- Risk of infection - Occupational - Diarrhoea
therapy
exposure(rare)
— - White nail beds . ) - Peripheral
- Medications (e.g. e.g. airbornevia &

. . h
steroids, sodium metal industry, neuropathy
valproate, chemical - Tenderand/or
clozapine) processesor discolored

. smoking painting trades fingernails

After many reports of selenium deficiency there have been concerns ovire
adequacy of its dose in the extensively used preparations Additra€eand
Decan® (Abrams et al. 1992; Gramm et al. 1995; Burke and Opeskin 2002;
2003) For

0.4umol/day and it has been suggested that this is not enough to correct

Chariot and Bignani instance Additrac® provides only
depleted status or maintain selenium status in patients with greater needs
(Malone et al. 1989) Shenkin (2015b) has suggested that intravenous
requirements in PN should be within the range 0.78..25umol/day. For those
requiring increased doses in their PN feeds, larger doses of sodium selenite

can be included to supplement the dose provided by TE preparations.

In practice, measurement of serum selenium is most widely used method for
assessment of selenium status. Measuring serum selenium during acute iliness
(acute phase response) has the limitation that the resultnay be up to 30%
lower than the true value; resuting in unreliable interpretation of selenium

status in critical illness(Stefanowicz et al. 2014) This response during illness
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is caused by redistribution ofselenium from the bloodstream into tissues to
support antioxidant defence, protein synthesis and cell proliferation
(Steinbrenner and Sies 2009) Selenium content in red blood cells has also
been used for selenium assessment, however as standard assment
technique it is not routinely used by UK HPN centres. Yet it has been proposed
as a more reliable nutritional marker, particularly during critical illness
(Stefanowicz et al. 2013)

Numerous reports convey selenium deficiency associated with insufficiently
supplemented PN (Fessler 2013) Interestingly the interval from

commencement of seleniurdfree PN to presentation of clinical symptoms
ranged from three months to two years; however biochemical features of
deficiency are thought to occur earlier. Symptoms relating to selenium
deficiency include those indicative of congestive cardiomyopathy related to
Keshan disease where there is inadequate dietary provision of selenium

(Burke and Opeskin 2002); see Table 4.3 for further symptoms.

Selenium toxicity associated with PN administration has not been reported
(Fuhrman 2006). It is thought that the amounts provided in PN admixtures are
less than the requirements of many patients and certainly less than the
tolerable upper limit for dosing; alongside the fact that any xcesses are
thought to be excreted in uring(Livingstone 2016). However contamination of
PN components with selenium has been demonstrated but at amounts that are
too low to be of ®ncern (Pluhator-Murton et al. 1999). There is the potential
for selenium toxicity to occur when increased suplemental doses are given
LT to patients with renal problems, potential symptoms are described iffable
4.3.

In 2012, ASPEN proposed new recommendations for selenium requirements
in PN patients (66100 pg/d, 0.77-1.28 umol/day), because it was consistently
shown that previous doses recommended by ESPEN and the Task Force for the
Revision of Safe Practices for PNlid not maintain serum selenium
concentrations in many patients(Mirtallo et al. 2004; Braga et al. 2009; Vanek

et al. 2012) Baines and Shenkin(2002) showed that provision of selenium
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from standard micronutrient preparations in post-operative patients was
inadequate to restore antioxidant status; implying that further
supplementation is required in critical illness. This is also the case for patients
with increased Gl losses (e.g. stomal losses), burns or acute kidney injury
(AKI). It has been pstulated that current multi-trace element products do not
provide enough selenium to meet the needs of LT PN patients; some not
meeting standard recommendations. These shortcomings can be overcome
with further selenium supplementation (of sodium selenite njection) in
addition to the standard multi-component TE products added to the PN

admixture.

4.2.1.5Zinc

Zinc is the most abundant TE in the body playing a vital role in many systems,
most notably in human growth and the functioning of the immuneystem. It is
also required by transcription factors in gene expression and as an essential
component of many enzymes involved in energy metabolism, protein

synthesis and free radical clearance.

Zinc requirements in PN are stated to be around 2-5mg/day with larger
requirements in those with significant Gl losses (e.g. fistula, stoma or
diarrhoea) and burns (Mirtallo et al. 2004; Jeejeebhoy 2009) Deficiency
occurs when requirements are not maintained, when there is insufficient
absorption and via increased bodily losses. The clinical consequences are
O1 OOOPOEOET ¢ AdxtenSie Aofe i Ehk IodyUtiey idcid® poor

or stunted growth, skin rash, impaired wound healing and susceptibility to
infection (Golden et al. 1978; Underwood 1977; Yanagisawa 2004)

Assessment of zinc status in PN relies on measurementserum zincand NSTs
need to be aware of the limitations. Serurminc measurementlacks sensitivity
in deficiency, exhibits wide biological variation in patients and inaccurate
results may be obtainedfrom potential contamination during the sampling
process (in the collection tubes themselves)(Livingstone 2015). Clinical
assessmentmust accompanyinterpretation of serum zinc results given its

insensitivity in early stage deficiency. Also, the APR has an effect on
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interpretation of serum measurement of zinc because in acute illness zinc
redistributes into cells giving false results of deficiencyBraunschweig et al.
1997). For this reason, reliable interpretation can only be assumed when

inflammatory markers are low (Duncan et al. 2012)

Zinc deficiency has been shwn to be responsive to supplementation in PN
after clinical symptoms of a rash quickly resolved in a patient previously
maintained on zincfree PN(Kay et al. 1976) Likewise, rapid clinical responses
were observed with zinc replacement therapy in LT PN patients experieing
hair loss (Daniells and Hardy 2010) These factors indicate the importanceof
optimal zinc supplementation.Furthermore, experts have stated that up to 12
17mg of additional zinc may be required per litre of Gl fluid Isses(Vanek et
al. 2012), particularly in SBS as most absorption occurs in the upper small
bowel. This would necessitate furtter supplementation of the feed or
additional separate IV infusions. Unfortunately, current multicomponent TE
preparations are uncompromising for zinc dosing in individual LT PN patients

and it is hoped that future preparations will cater for their needs.

4.2.1.6. Other notable TE abnormalities
4.2.1.6.1Aluminium

As a TE, minium is not believed to be an essential nutrient and subsequently
itis not included as an active component of TE preparations. Yet concerns exist
relating to its toxic effects as a contaminant of PN admixturedohrer et al.
2001; Kruger et al. 2013; LimaRogel et al. 2014) Its known toxic effects for
LT PN patients include CNS toxicity and accumulation in borfeom being
taken up during the bone mineralisation process, resultingin osteomalacia.
These effects were proven in a study bBishop et al. (1997)in which preterm
neonates receiving aluminium contaminated PN had significantly lower

developmental scores thameonates receiving aluminiumfree PN.

The concentration of aluminium in PN admixtureshas been shown to be
consistently above the FDA recommended conceration limits and is largely

the result of three additives, calcium gluconate, inorganic phosphatesand
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cysteine hydrochloride (Aiticho et al. 2011; HernandezSanchez et al. 2013)
Kruger et al. (2013) demonstrated (P<0.0001) that there was a higher
aluminium content in the bonesof LT adult PN patients versus control

patients.

These wdespread concerns of aluminium contamination inlV parenteral
formulatons DOT I POAA A 1T Ax OACOI AGET T &OTi OERA
mandating a limit on the aluminium content in liquid parenteral products to
be no more than the safe upper limit of 25 mcg/l{Department of Health and
Human Services 2003) Labelling requirements were also introduced in the
U.S. to reflect this rule and inform people of the risk of CNS toxicity and bone
toxicity associated with aluminium accumulation(Department of Health and
Human and Services 200Q)Ultimately, a systematic review of aluminium in
PN performed byHernandezSanchez et al. (2013)lecided that the absence of
a universal approach to Ilower aluminium concentration between
manufacturers, along with imprecise information on aluminium content and
high lot-to-lot variation result in poor regulation with aluminium

concentration limits.

42.1.6.2.Chromium

Stearns(2000) described the debate over the essentiality of chromium as a TE
since no enzyme or cdactor had been characterised. There are reports of
chromium toxicity related to deliberate chromium supplementation in PN
while trying to avoid deficiency states(Malone et al. 1989; Moukarzel et al.
1992). Contamination of PN with chromium is a known issue; it is especially
associated with amino acid solutiongHak et al. 1998) There is no evidence to
suggest harm associated with excess chromium prasion in adults; a ten year
follow-up study showed no adverse events associated with elevated serum
metals post metaton-metal total hip replacement (Grubl et al. 2007) Yet
others have expressed a need to lower the recommended amount included in
PN admixtures because it is thought that patients on LT PN receive ample
chromium from contamination of products used during PN manufacture; not
from direct supplementation in the formulation (Moukarzel et al. 1992;
Moukarzel 2009).
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It is generally accepted that total bdy chromium concentration controls the
absorption of chromium in the gut, where it has poor bioavailability and
absorption. Its main role is in the regulation of insulin action and deficiency
states induce a syndrome of glucose intolerance similar to thaif diabetes,
corrected with chromium supplementation (Anderson 1998). Chromium
insufficiency has therefore been hypothesised as a contributing factor in the
development of type Il diabetegMertz 1993; Jeejeebhoy 1999)

4.2.1.6.3. Fluoride (fluorine)

Since fluoride deficiency has not been described in the literature there appears
no bads for monitoring patient fluoride status (Nielsen 2009), however itis
still regarded as an essential nutrient giving physiologic reistance to the
enamel of teeth(Nielsen 2009). Itstoxicity has been shown to result in dental
fluorosis characterised by porous enamel(Whitford 2006) . Sudies have
shown that PN provides relative amounts of fluoriddoy comparison to daily
oral recommended dosesof 1-4mg, since the IV route bypasses intestinal
absorption by d 50% (Forbes and Forbes 1997; Bouletreau et al. 2006; Fessler
2013). Nielsen (2009) explained that when determining fluoride intake, its
provision from drinking water should also be assessed as it is thought to bring
fluoride levels into normal range. A theory supported by Bouletreau et al.
(2006) who expressed concern for the potential for fluoride toxicity from
amounts given in PN alongside amounts in orally consumed water and tea.
Although not a pressing concern for micronutrient dosing in HPN patients
more research needs to be performed to ascertain the optimal dose of fluoride
needed by PN patients, considering the additional provision from drinking

water.

4.2.1.6.4. lodine

lodine deficiency is still a welldocumented occurrence in the general
population, having adverse effects on growth, development and thyroid
hormone production; deficiency is also notable in LT PN patients receiving

unsupplemented PN(Zimmerman 2009a; Zimmerman 2009b; Zimmerman

109



2010). A dated study byMoukarzel et al.(1992) found thyroid function
remained normal even without the provision of iodine in PN ad they
concluded that routine addition of iodine to PN was not necessary; statirijat
sufficient iodine provision was achievablefrom both potential contamination
of PN and the use of povidonéodine as an antimicrobial agent for safe care of
the central venous catheter site. However, more recentl{Guidetti et al. 2014)
showed that HPN patients generally had a low intake of iodine as displayed
from urine iodine concentrations. They found evidence of subclinical
hypothyroidism in approximately a quarer of patients and concludedevision
of the lower ESPENreference range limit for iodine may be necessary
especially in light of the decreased use of iodine containing antiseptics.
Recently, a recommendation was made at micronutrition research event
experts came to the decision that the addition of 74150mcg/day of iodine to
adult formulas is necessary, following the decreased useof cutaneous

povidone-iodine (Buchman et al. 2009)

More recently in 2014, anotable case of iodine deficiency was reported in a
PN-dependent adolescent(Mortensen et al. 2014) The authors stated the
current strategy of limiting lipid dosing to PN patients to prevent PN
asciatedliver diseasemay play a role in the pevalence of iodine deficiency,
especially since the iodine content of Intralipid (Fresenius Kak®) has been
estimated at 15.1mg/L, which may appear minimal but should not be

considered insignificant(Belfort et al. 2012; Mortensen et al. 2014)

Current evidence suggest#odine supplementation may be beneficialn some
patients and perhapsreview of its requirements in PNis necessaryMortensen
et al. (2014) also expressed the need for an individual iodine preparation to
cater for more variable requirements. Unfortunately, iodine levels are not

routinely monitored at C&V UHB for their population of HPN patients.

4.2.1.6.5. Molybdenum

The essentiality of molybdenum supplementation in PN is arguablglLeung

1995). A single report of deficiency in LT PN exists which was related to

110



intolerance to amino acid solutions, corrected by an infusion of ammonium
molybdate (Abumrad et al. 1981) High doses of molybdenum (>0.5mg/day)
are thought to cause significant urinary copper losses, however far lower

doses «ist in current TE preparations(Deosthale and Gopalan 1974)
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4.2.2. Noteworthy micronutrient abnormalities  z vitamins

Comparable to TE, the dosing and morating of some vitamins are of greater
clinical concern in HPN patients. Below, five key vitamins are discussed in
greater depth as they are noted as being of current topical interest within the
HPN community, especially regarding their optimal dosing andssociated
clinical implications. As such, these vitamins are routinely monitored by HPN
centres and are directly monitored in biochemical blood tests (in relation to

PN supplementation). Other vitamin abnormalitiesare discussed in less depth.

4.2.2.1. Viamin A (retinol)

Vitamin A belongs to a group of compounds called retinoids that are essential
for vision, growth, functioning of cellular processes such as development,
reproduction and the immune system(Olson 1987). It is found naturally in
dairy, fish, liver and eggs. However in thoseeceiving PN, dietary insufficiency,
fat malabsorption and zinc deficiency can all predispose patients to vitamin A
deficiency, resulting in poor outcomes in any of the vitamin Zrelated
functions (Vanek et al. 2012) Symptoms of deficiency present themselves as
night-time blindness, xerophthalmia and changes in-€ell immune function
(Stephensen 2001) Serum etinol is monitored to assess vitamin A status,
similarly measurement of retinol-binding protein (RBP) is also used but to a
lesser extent than serum retinol. As with other micronutrients, during periods
of infection or stress, measurement of retinol is ureliable; in these situations,

measurement of RBP would be more desirabl@gosales and Ross 1998)

Regarding nutritional deficiencies of retinol in PN, most data relates to PN
administration to neonates as they require higher relative doses duentlow
stores and increased needs for growth and developmeiiGreer 2001; Haas et
al. 2002); further researched because of known stability problems and
implications of under-dosing retinol in PN delivery systems(Shenai et al.
1981; Allwood and Plane 1984; Thomas et al. 1991; Allwood and Martin 2000;
Ord et al. 2016) Hack et al.(1990) found retinol deficiencies in 52% of their
post-operative neonates requiring PN for longer than two weeks. Besides

dated publications reporting retinol deficiency in 2643% of LT PN patients,

112



no recent studies have invesgated retinol deficiencies or excesses in adult PN
patients (Howard et al. 1980; Dempsey et al. 1987; Laldarios et al. 1988)
However, itis worthy of note that in the aforementioned papers, the vitamin
preparations were added prior to storage rather than just before infusion,
allowing more time for potential retinol instability to occur e.g. via phote

degradation or adsorption.

Vitamin A toxicity has been shown to be less common but sometimes observed
in those with renal failure or liver dysfunction and those receiving over
provision in IV nutrition (Gleghorn et al. 1986; Shenkin 2008; Vanek et al.
2012). Bone abnormalities have been describedh irelation to toxicity, though
are thought to result from vitamin A antagonism of vitamin D at receptor level
(Rohde et al. 1999) which in turn results in net bone resorption(Johansson
and Melhus 2001)

4.2.2.2. Vitamin B9 (folate/folic acid)

Folateis anaturally occurring essentialmicronutrient with bodily functionsin
the synthesis and repair of DNA and RNA.Other roles include production of
red blood cells, enhancingbrain activity; aswell asassistingcell division and
growth (The British Dietetic Association2016). Folic acid is a closely related
yet synthetic compoundusedfor vitamin B9 supplementationin both modern

food sources(e.g.flour, cereals)and PNadditives (Jacqueset al. 1999).

Therapeutically it hasan establishedrole in the treatment of folate deficiency
anaemiathat is characterised by fatigue, irritability and weight loss (NICE
2015). It is also recommendedto be given to women of childbearing ageto

prevent the occurrenceof neural tube defectsin the foetus (Wilson et al.2003).

Folic acid hasbeena traditional componentof PNadmixtures for many years
with establishedstability in arangeof formulations. Current multi-component
additives contain ~400ug to meet daily requirements; outside this, manual
additions can be made to the PN admixture to treat deficiency states.Dated
reports of deficiencies exist with folate dose of 100-200ug (Nichoalds et al.

1977; Anon 1983; Barker et al. 1984). However nutritional abnormalities
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relating to folate havenot beenpublishedin recentyears,presumably because

the reviseddosein PNadditives is sufficient and excessesre readily excreted.

4.2.2.3. Vitamin B12 (cobalamin)

As a watersoluble vitamin, vitamin B12 is essential for normal blood
formation and normal neurologic function (Food and Nutrition Board.
Institute of Medicine 1998). Naturally vitamin B12 is only available from
animal sources e.g. meat, fish, eggs and dairy, while other fortified food sources
and cereals exist for those with limited intake e.g.egans. Vitamin B12 is a co
factor for two enzymes involved in methyl transfer which contribute towards
DNA synthesis. Both vitamin B12 and folate are involved in methyl transfer
and as such vitamin B12 deficiency mirrors folate deficiency in terms of
haemaological effect (Vanek et al. 2012) It presents itself as anaemia,
neutropenia and thrombocytopenia; deficient individuals siow symptoms of
being pale, tired and short of breath, as well as neurologic symptoms of

peripheral neuropathy e.g. loss of sensation, numbness and tingling.

In terms of monitoring, serum/plasma vitamin B12 is the most common test
performed to assess vitanin B12 status (Selhub etal. 2008). Unfortunately
results indicating deficiency often develop late after blood levels are already
depleted and similarly, false normal results can result in situations of recent
vitamin B12 intake (Green 2011)

Multicomponent preparations provide ~5ug of vitamin B12 per daily unit vial,

as based on oral RDAequirements, yet it is worth noting that only 50% is
absorbed from oral dosing(Chenarin 1979). Consequently in LT PN patients,
IV dosing of vitamin B12 is known to result in elevated serum results,
suggesting hat the vitamin B12 doses in multicomponent preparations may
be excessive. However, experts believe that no dosage adjustment is necessary
as no evidence for vitamin B12 toxicity syndrome exists and high serum levels
can reflect recent parenteral infusionfrom PN rather than levels in tissue
stores (Vanek et al. 2012)
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Cobalamin deficiencies while on supplemented PN are unlikely due to wide
use of supplemented PN but have still been documented in dated studi@én
Spreeuwel et al. 1988; Compher et al. 2001; Compher et al. 2002ambert et
al. (1997) investigated vitamin B12 status of twenty patients on LT HPN and
found four patients (20%) to be deficient, although no patients showed
metabolic signs of deficiency and patients were supplemented with vitamin
B12 injections rather than supplemented PN. Even though there is theew
that excesses of vitamin B12 are not harmful, there are reports suggesting an
unnecessary ovesprovision of vitamin B12 in LT PN patients(Elkhatib et al.
2010). This belief was also recently surmised in a study BpU ¢ A (208) Al 8
in which the median value for vitamin B12 was consistently higher than the
upper limit of the reference interval in neonates. The authors stated that the
multi -component preparations Cernevit® and Solivito® contain too much

vitamin B12 and attributed the excessive results to these doses.

4.2.2.4. Vitamin D (chole/ergecalciferol)

Vitamin D is discussed in greater detail over other micronutrients as it forms

a key component of PN that is researched within the scoé this PhD project.

4.2.2.4.1. General information and physiological role

Vitamin D is a secesteroid compound and its role in relation to bone health is
particularly well established, particularly, its deficiency along with other
minerals (calcium, phasphorus) being known to give rise to rickets in children
and osteomalacia in adults. It is required during the bone mineralisation
process to create osteoid tissues e.g. bone and tedfrancis et al. 2013) Its
physiological role is to regulate calcium and phosphorus levels (as well as
regulating levels of iron, magnesium and zinc) in the blood by promoting their
absorption from food in the intestines. It also promotes reabsorption of
calcium in the kidneys which in turn enable normal mineralisation of bone. It
has garnered more attention in recent years as its low status in human
populations has been linked to various diseases and conditions e.g. heart
disease, high blood pressure, some cancers and diabetes to name but a few

(Autier et al. 2014). However the evignce surrounding these relationships is
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often not well-established; uncertainty exists as to whether it is the low
vitamin D status or the disease itself that is to blame. Lately the role of vitamin
D has been considered outside of skeletal function arblick (2007) has even

explained its emerging potential role in the prevention of cancer, multiple

OAl AOT OEOh OUDPA p AEAAAOAO AT A #OITET 80 Al

Despite its human essentiality, it is only obtained from few natural dietary
sources (e.g. oily fish, egg yolk and mushrooms); hend is supplemented in
various foods such as cereals, margarine, infant formula and dairy alternatives
(Pearce and Cheetham 2010)In the UK, the main source of vitamin D isiy
skin exposure to ultraviolet B (UV-B) light within the months of April to
September, showing our dependency on dietary sources over the winter
months when the UK has insufficient exposure to UB wavelengths required

for vitamin D synthesis(Pearce and Cheetham 2010)

4.2.2.4.2. Activation, metabolism and monitoring of vitamin D status

Vitamin D exists in several forms (vitamers) as prohormones which are
activated in the body when required. Ergocalciferol (vitamin B) and
cholecalciferol (vitamin Ds) being the two major compounds required by the
body. They can be ingested from the diet and supplements, as well as being
synthesised cutaneously from exposure to ultravia@t light. They are very
chemically similar and prove difficult to resolve from each other in
chromatographic investigations (The National Institute of Standards and
Technology 2015) When taken orally, vitamin D is absorbed in lipid micelles
and incorporated into chylomicrons, dietary fat is therefore needed to absorb
vitamin D. For this reason supplerments are advised to be taken with the largest
meal of the day. VitaminD that is ingested and cutaneously produced,
undergoes a series of conversion steps within the body to its physiologically
active form. Vitamin D, beginning as either ergocalciferol (D2 or
cholecalciferol (D3), is first hydroxylated by the liver to calcidiol (25
hydroxyvitamin D2/D3). Calcidiol is then further hydroxylated by the kidneys
to its active form calcitriol (1, 25-hydroxyvitamin D2/D3). It is this form of
vitamin D which circulates as a hormone, regulating the levels of calcium and

phosphate in the bloodstream, thereby exerting their effect on bone
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mineralisation and remodelling. In serum, only a fraction of calcidiol is
converted the active calcitriol metabolite when required Calcitriol has a short
half which complicates accurate assessment of vitamin D statsVootton
2005). For this reason, measurement fatotal calcidiol is considered best to
assess total body stores of vitamin D; although essentially a pformone, it
gives an approximation of the amount of vitamin D obtained from food, oral
supplements and that produced in the skin; as well as an indicé
approximation of the amount of activated vitamin D in the body(Heaney
2011).

4.2.2.4.3. Vitamin D in relation to bone health

Optimal provision of vitamin Din HPN patients has been a longstanding and
troubling issue, particularly with reference to the complication of metabolic
bone disease (MBD). Many studies note its deficiency in HPN populations and
its exact cause is still uncertain(Compher et al. 2007; Corey et al. 2009;
Thomson and Duerksen 2011) although its onset is thoughtto be a
combination of both patient-specific factors and PNelated factors (Foldes et
al. 1990; Klein and Coburn 1991; Verhage et al. 1995pn the other hand, the
study by Verhage et al.(1995) suggests that overprovision of vitamin D
alongside suppression of normal parathyroid responses could play a role in
the development of MBD. However, it is more likely that the inadequate
vitamin D status has a greater input to the development of MBD in HPN
populations as conveyed in a paper by ASPERVanek et al. 2012)
Interestingly, vitamin D deficiency has also been noted as a problem in
younger PN populations, suggesting that its onset may be a more pronounced
problem for all patients alongside potential underprovision in PN (Diamanti

et al. 2014; Wozrak et al. 2015)

4.2.2.4.4. Vitamin D deficiency

Interestingly, it has been supposed that the general population themselves do
not achieve adequate vitamin D status, especially during the winter months.
Estimations of the prevalence of vitamin D defiency in Europe range from 2

30% and one wonders how the vitamin D status of the general population
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would compare to the population of LT HPN patients, within the UKSpiro and
Buttriss 2014).

Symptoms and signs associated with vitamin D deficiency are almost non
existent in mild deficiency; however in severe cases symptoms have been
reported as muscle aches and cramps, joint pain, tiredness, increased risk of
infection and bone pain (Soliman et al. 14; Galesanu and Mocanu 2015)
clinically evidenced by hypocalcaemia, hypophosphataemia, muscle weakness
and demineralisation of bone/osteoporosis.The authors of a review article,
Spiro and Buttriss (2014), mentioned the difficulty in recommending
adequate levels of vitamin D intake because of the varied definitions of
adequate or optimal vitamin D stéus; stressing the need for more
standardised definitions to allow a better evidence based approach to
measuring and assessing vitamin D status. They offered their own
recommendations around the areas oflietary provision, food fortification,
vitamin D supplementation and sensible sun exposureahey alsoexplained the
need to take into account national, cultural and dietary habits relating to

vitamin D.

4.2.2.4.5. Vitamin D toxicity

Despite widespread concern of deficiency, vitamin D toxicity is also of clinical
concern. Excessive intakes that result in toxicity can cause increased intestinal
absorption of calcium and mobilisation of calcium from bone, leading to
hypercalcaemia(Vieth 2006; Jones 2008) This in turn results in increased
calcium deposition in soft tissue, bone demineralisation as well as both renal
and cardiovascular toxicity. Efforts should be made to reduce vitamin D

provision if there is evidence of hypercalcaemiéTebben et al. 2016)

4.2.2.4.6. Vitamin D in PN additives

There has been dispute over the adequacy of the recommended daily dose of
vitamin D for HPN patients(Vanek et al. 2012) The current longstanding
market leading preparations Cernevi® and Vitlipid N Adult® only contain

~5ug (~200 IV) of vitamin D (cholecalciferol and ergocalciferol, respectively);
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it is a contentious issue whether this dose is sufficient to meet the needs of LT
PN patients considering the numerous reports of deficiency and recent
changes inrecommendations for vitamin D dosing(DeLuca 2009; Thomson
and Duerksen 2011; Vanek et al. 2012)

4.2.2.4.7. Review of vitamin D dosing recommendations

In the UK, a safeupper limit (SUL) indicates an intake that can be consumed
AAET U TOAO T1TA80 1 EEAGEI A xEOET 00
insufficient evidence to establish an SUL for vitamin D, as such, using limited
data a guidance level (GL) was set of R§ (1000IU) per day for adults,
signifying an intake not expected to cause adverse effeqExpert Group on
Vitamins and Minerals 2003) However in the US, the equivalent pameter,
the tolerable upper intake level (UL), was set at 1Q@y (40001U) daily for
adults; likewise the European Food Safety Authority (EFSA) recommends the
same UL(Institute of Medicine 2011; European Food Safety Authority 2012)
The European guidelines are considered appropriate and help to demonstrate
the high upper limit for vitamin D dosing as wé as the disparity between
dosing recommendations. Considering the more commonplace occurrence of
deficiency, patients are unlikely to attain these daily upper limits unless they

have already demonstrated a justified need for treatment of deficiency.

Public Health England and the Food Standards Agency directed the latest
National Diet and Nutrition Survey which reported higher than expected levels
of vitamin D deficiency among the general population (all age and sex groups)
(Bates et al. 2011) These findings have precipitated the recent review of
dietary recommendations, both the US Instite of Medicine (IOM) and the UK
Scientific Advisory Committee on Nutrition(SACN have increased their RDA
and DRI recommendations for vitamin D dosing for people of all ages, to 6001U
(15ug) daily and 400I1U (10ug) respectively; yet PN additives do not nmror
these revised dosing recommendations for vitamin D in the general
population, even though HPN patients are conceivably at a greater risk for
vitamin D deficiency and related bone health problemginstitute of Medicine
2011; Scientific Advisory Committee on Nutrition 2016) Especially since

previous RDA values assmed no exogenous sources of vitamin D from

119



sunlight exposure.Datta and Stong(2016) explained that around 8390% of
vitamin D is known to be produced cutaneously from exposure to sunlight with
only 10-20% derived from dietary sources; this fact demonstrates the ease of
onset of vitamin D deficiency. As such, the recommendations did nairesider
intradermal vitamin D production from sun exposure to skin due to the
variability and complexity in the number of factors which can affect it. In the
wider scope, they have finally helped to indicate appropriate baseline dosing
for the general popuation which can be generalised for the needs of LT PN
patients. The revised recommendations show that the current PN vitamin
additives are not in keeping with recommendations for the general population,
even though HPN patients are conceivably at a greateisk of vitamin D

deficiency and related bone health problems.

Recently the form of vitamin D given for treatment or supplementation has
been shown to be an important dosing consideration. Previously, both
ergocalciferol (Dz) and cholecalciferol () were thought to be equivalent and
interchangeable, yet recently, cholecalciferol has been proven to be more
potent and to exhibit greater bioefficacy in raising serum 280H vitamin D
levels (Houghton and Vieth 2006; Boullata 2010) One wonders whether the
differences in biological form of vitamin D (/D 3) could contribute towards

reports of deficiency in LT PN patients.

4.2.25. Vitamin E(tocopherol)

Vitamin E exists in eight isomeric forms which all exhibit variable biological
AAOEOEOU AT A AOOI AE AtGdpherolAi€ the nafuEalyA |
occurring form with the highest vitamin E activity and is also the isomer
included in PN additives (National Center for Biotechnology Information
2016). Vitamin E is a component of all cell membranes and acts as a potent
peroxyl radical scavenger; to date its primary known role is to protect cell
membranes from lipid peroxidation and oxidative damagégRizvi et al. 2014)
Vitamin E has a strong affinity for free radicals and is able to interrupt the
chain reaction (via formation of a resonance stabilised tocopherol radical,

before reconversion back to vitamin E by ascorbic acidBiesalski 2009).
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Research has been undertaken to establish the antioxidant role of vitamin E in
PN. BothPironi et al. (1998) and Reimund et al.(2000) noted an increase in
malondialdehyde (MDA), a lipid peroxidation marker in the presence of

reduced plasma tocopherol concentration.

In the absence of genetic caes for vitamin E deficiency, it usually results from
under-provision and fat malabsorption, with early deficiency being
asymptomatic. Later symptoms of deficiency are neurologic in nature and
include ataxia and general weaknes@Biesalski 2009). There are few critical
studies published regading vitamin E deficiency in PN; yePorter et al.(2005)
presented a case of clinical vitamin E deficiency in a patient with visual
symptoms and signs of macular degeneration. The symptoms were completely
resolved within 3 weeks following vitamin E supplementation (no explanation

of dose given).

However, it has been stressed that care should be taken not to provide vitamin
E in excess asMiller et al. (2005) showed that high-dose tocopherol
supplements (greater than or equal to 360mgday) may be associated with
increased allcause mortality, yetthese doses are far greater than the doses in
PN vitamin preparations @ 5-10mg/dose). This finding is contrary to those of
(Biesalski 2009), who commented that data regarding toxicity from parenteral
vitamin E does not exist and that studies of large oral supplemental use had
shown no consstent adverse effects (references not includedAlso it worth
noting that the study by Miller et al. (2005)stressed that the highdose vitamin

E studies were small and often performed in those with chronic diseasds.s
more likely that reduced supplenental intake below the norm is a more

probable occurrence over toxicity.

Both Europe and the US recommendations for vitamin E dosing in LT PN are
set at 101U (9.1mg) per day(Nutrition Advisory Group 1979; Greene et al.
1988; ASPEN Board of Directors and the Guidelines Clinical Task Force 2002)
It is debatable whether this dosds sufficient for LT PN patient needsForbes
and Forbes(1997) measured vitamin E status in thirtytwo LT PN patients and

found seventeen had deficient vitamin E levels. Another study detected high
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levels of pentane (a indicator of lipid peroxidation) in the breath of HPN
patients and found association with low vitamin E statugLemoyne et al.
1988).

More recently, some revolutionary findings were published byg et al.(2016)
showing that vitamin E playsan important hepatoprotective role in preventing
PNALD presumably against the liver injuryinducing nature of phytosterols
(from lipid PN components). However these were findings extrapolad from
pig studies and the authors stated the need for further prelinical studies to
definitively show proof of the liver toxic effects of phytosterols and the

hepatoprotective effects of vitamin E.

Overall experts have stressed the need to monitor \amin E levels closely to
ensure adequate status by its appropriate provision in PN, and supplemental
dosing where necessary; thereby ensuring patients have sufficient antioxidant

capacity and free radical protection(Biesalski 2009).

4.2.2.6. Other notable vitamin abnormalities
4.2.2.6.1Vitamin B1 (thiamine)

The hiologically active thiamine @spyrophosphate) acts as a key coenzyme in

the generation of ATP. As previodg mentioned, product shortages have been

implicated in nutrient deficiencies. In a recent case reporgfter a rationing of

A DAOEAT 080 OEOAI ET OOPPI U AOOET @ A OEI A
PN-dependentpatient developed thiamine deficiency presenting with septic

shock, metabolic crisisand hyperlactataemia. The DA OE AT O 8 Qapidlyl T AEOET 1
resolved following thiamine supplementation (Da Silva et al. 2015)Prior to

these events, the patientvas reduced from daily doses of thiamine to a thrice

weekly regimen which precipitated the deficiency. The reduced dose was

notably less than the recommended weekly intake for adults, 18mg/week

instead of 42mg/week (Vanek et al. 2012) The occurrences from this case

study are in line with the expected symptoms for thiamine deficiency and

show the significance of its role as a cofactor in the bod{Kreisberg 1980;

Centre for Disease Control and Prevention 1997)This case showed that
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thiamine deficiency can be considereda differential diagnosis for PNpatients
presenting with symptoms of acidosis, neuropathy or encephalopathyDa
Silva et al. 2015)However, it should be additionally noted to bejust a singular
casereport and unusual to only have occurred in a single patient during the
nationwide shortage; it is more likely that there was significant under
reporting and/or monitoring of patients. It is more likely that other nutritional
abnormalities occurin regard to vitamin B1 supplementation, but a lack of
investigation into its supplementation and monitoring in PN makesthe

interpretation of its adequacy of dosing in PN rather difficult.

4.2.2.6.2. Vitamin B2 (riboflavin)

The literature review yielded a singlereport for vitamin B2 deficiency, a
&OAT AE AAOA OAPIT OO ET A #OIET860 DPAOEAT O
(Duhamel et al. 1979) Aside from little concern for vitamin B2 dosing in PN,
Laborie et al.(1998) has explained its potential paradoxical role with vitamin

C in the photoinduction of harmful peroxide radicals in PN.

Aside from oral or enteral vitamin B2 provision and any problems associated
with Gl absaption, the instability of vitamin B2 within PN admixtures could
potentially result in less being delivered to patients.Chen et al.(1983)
explained that although most Bgroup vitamins are stable in the presence of
light in PN, vitamin B2 was shown to be sensitive to both indirect and direct
sunlight (47% and 100% destruction respectively within eight hours); the
sensitivity of vitamin B2 to light was further corroborated by Allwood and
Kearney(1998).

4.2.2.6.3. Vitamin B3 (niacin/nicotinic acid)

An older study by Howard et al. (1983) showed that vitamin B3
supplementation twice weekly in PN did not result in micronutrient
abnormalities. However (Labadarios et al. 1988) reported vitamin B3
deficiency in 6% of blood tests in those receiving standard vitamin additives
in LT PN. Likewise, a study assessing watspluble vitamin statusin cancer

patients noted niacin deficiency to be the most prevalent, present in 40% of

123



patients (Inculet et al. 1987). Of late, there appears less concern for nutritional
abnormalities associated with vitamin B3 as it is not routinely monitoed by
HPN centres and no recent reports of deficiency or toxicity have been

documented.
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4.2.2.6.4. Vitamin B6 (pyridoxine)

PN supplemented with standard vitamin additives was demonstrated to

improve vitamin B6 status(Strombergetal. 19813 ! DPPAOAT O OOA £A b
supplementation was further consolidated byHoward et al. (1983) with a

twice weekly vitamin dosing schedule in PN. A dated finding from a study by
Dempsey et al(1987) found high rates of deficiency and excess (18% and 36%
respectively) but from only a total of twenty-eight vitamin tests. On the other

hand, little to no reports of toxicity exist, except for an abstract showing that

chronic renal insufficiency can precipitate pyridoxine toxicity (Craig et al.

2017).

Again physical instability of pyridoxine within PN admixtures could result in
potential under-dosing in PN Chen et al(1983) found that 86% of vitamin B6
was destroyed by direct sunlight in standard PN admixtures within eight

hours.

4.2.2.6.5. Vitamin B7 (biotin)

Studies have confirmed biotin deficiency in patients with short bowel
receiving PN without biotin supplementation; patients presented with
lethargy, dermatitis and hair loss which grew back once adequate
supplementation was commenced(Innis and Allardyce 1983; Khalidi et al.
1984; Velazquez et al. 1990) No recent reports of deficiency exist and is
probably the result of routine supplementation of biotin in PN from mult-

component compound additives e.g. Solivita

4.2.2.6.6Vitamin C(ascorbic acid)

Like vitamin E, vitamin C is a strong antioxidant and also a dactor for many
enzymes, including collagen formation, neurotransmitter synthesis and
cholesterol metabolism (Berger 2009). Circulating levels drop in surgical
shock, trauma and sepsis; these patients have larger requirements due to

oxidative stress and wound healing.
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LT HPN patients are usually in stable clinical condition with lower vitamin C
requirements than the critically ill. Yet it has been shown that in prologed PN,
plasma concentrations can fall below normal rangéLabadarios et al. 1988)

In relation to nutritional abnormalities in PN, instances of deficiency prevalil
over toxicity giving symptoms of scurvy (tiredness, muscle and join pain)

(Levavasseur et al. 2015)

Numerous chemical and physical stability issues are known to affect vitamin C

in PN, including oxygen, temperature, light, pH (<4) and the presence of other
micronutrients (copper, iron); all of which could result in reduced amounts

administered to patients (Berger 2009). Berger (2009) explained that 200mg
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of current preparations availablein the UK. In the US, the FDA revised their

vitamin C dose recommendations from 8aL00mg to 200mg daily(FDA 2005)

and the preparatons for PNstill do not reflect these recommendations.

There have been no reports ofitamin Ctoxicity in PN patients; the upper limit
(UL) is currently set at 2g daily and is unlikely to be achieveflom its provision

in LT PN(Institute of Medicine (US) Panel on Dietary Antioxidants and Related
Compounds 2000) However caution is expressed in patients receiving high
doses of vitamin C with ceexisting renal failure as there is the potential to
cause renal stones and nephrolithiasiéPena de la Vega et al. 2004; Handelman
2007).

It is generally considered that one dosing recommendation cannot fit all
patients for vitamin C, dosing should parallel the degree of oxidative stress
which is variable amongst patiats (Berger 2009). Some recent studies have
tried to quantify the oxidative effect of vitamin C in PNKuwabara et al(2016)
tested a 500mg daily intervention but found no change in inflammatory
markers for oxidative stress between the intervention and control group,
other than restoring vitamin C status back to normal range for those with
deficiency. Yet in another vitamin C interention study following Gl surgery, it

was found that vitamin C may decrease posturgical oxidative stress; 8

126



isoprostane, an oxidative stress marker was significantly lower in the group
treated with the higher vitamin C dosgYamazaki et al. 2011)

4.2.2.6.7. Vitamin K (phyllo/men&uinones)

Vitamin K is an essential human céactor for peptide conversion in speciaked
proteins e.g. Glgproteins. Whenbody stores aredeficient, itis the well-known
culprit for bleeding syndromes when the body is uable to synthesis active
coagulation factors Il, VII, IV and V; as such, deficiency symptoms include
active bleeding and bruising(Shearer 2009) Treatment of deficiency relies on
corrective supplementation with preparations of phylloquinone. Clinically,
vitamin K is also an established treatment tantagonise the effects of warfarin

therapy when necessary (e.g. bleeding, bruising, high INR).

Anecdotally, vitamin K deficiency in LT PN appears to be a known clinical
problem yet is not well substantiated in research publications. Phylloquinone
is a matural source of vitamin K in the lipid emulsion component of PN feeds;
it is available in varying amounts depending on the lipid source e.g. soybean,
safflower etc (Lennon et al. 1993; Shearer 2009; Singh and Duerksen 28)0
Duerksen and Papineau (2000; 2004) explored the prevalence of coagulation
abnormalities in PN patients receiving lipid emulsions and found that
coagulation defects were five times higher in those receiving the lipid
emulsion containing less phylloqunone; however no significant bleeding
incidents were reported (Duerksen and Papineau 2000; Duerksen and
Papineau 2004) Logically it would appear that LT PN who do not receive lipid
PN or micronutrient preparations containing vitamin K (e.g. Cernew) are at

a definitive risk of vitamin K deficiency. A more substantial publicatiorby
(Chambrier et al. 1998) investigated the longterm relationship between
vitamin K intake from lipid emulsions on plasma phylloquinone
concentrations showed that an average weekly intravenous supply of 25§
(36ug/ day) was sufficient to maintain phylloquinone concentrations within
the reference range inrHPNpatients. Findings that were in keeping with other
studies that vitamin K content solely fromlipid PN is sufficient to meet daily
requirements i.e. without micronutrient preparations including vitamin K
(Goulet et al. 1990; Lennon et al. 1993; DrittiReijnders et al. 1994) For those

not receiving sources of vitamin K in their PNShenkin (2015b) advises a
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separate IV vitamin K injection once a weekChambrier et al.(2004) further
established thata LCT emulsion is able to maintain plasma vitaminikstatus
moreover a MCT/LCT combination Interestingly EFA deficiency does not
preclude deficiencies of fatsoluble vitamins e.g. vitamin K, in SB&des et al.
(1991) stated that requirements for lipid and fatsoluble vitamins should be

determined independently.

There are situations where it is not appropriate for LT PN patients to receive
vitamin K and in 1979 the Nutritional Advisory Group in the US issued a
recommendation that patients should not receive vitamin Kupplementation
if they receive anticoagulant therapy (e.g. warfarin for thombo-prophylaxis)
(Nutrition Advisory Group 1979). As such there still exist vitamin
preparations without vitamin K included (e.g. Cernevit) and ASPEN
recommend that preparations with and without vitamin K continue to be

available for such situationg(Vanek et al. 2012)

Vitamin K deficiency also happens to be common in those with cholestatic liver
disease as bile salts are required for its uptake. This situation is further
complicated by the cautious attitude of pescribers to give lipid PN to patients

with liver disease over concerns of its contributory effect to PNALD.

Generally adults require ~100ug daily to maintain hemostasi§Shearer 2009)

In 2000, the US FDA revised their guidelines and mandated that adult IV
vitamin preparations should provide 150yy phylloquinone per day
(previously 100ug). With these revised guidelines it could be possible for some
patients to have vitamin K daily doses in excess of 30gjfirom both the lipid
emulsion and the vitamin preparation(Singh and Duerksen 2003)Overall, the
revised dosing guideline is generally considered beneficial for most patients;
however it could be harmful for others, such as patients receiving
anticoagulants (Helphingstine and Bistrian 2003). Singh and Dueksen (2003)
stressed that NSTs should be conscious of vitamin K provision from all sources
in LT PN patientsUnfortunately serum vitamin K tests (as phyllogquinone) are

not performed at C&V UHB, assessment of vitamin K status relies on
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interpretation of any presenting symptoms (e.g. bruising) and/or associated

coagulation tests (e.g. prothrombin time, international normalised ratio).
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4.3. SUMMARY

In summary, pertinent findings from published data regarding nutritional
abnormaliti es for almost all micronutrients have been demonstrated. The non
specific search strategy yielded a great deal of published studies and case
reports relating to nutritional abnormalities. However, the publications varied
greatly in study design, reflectinga hierarchical difference in evidence base for
the data findings from each publication. The review still elucidated relevant
up-to-date information to summarise the current body of knowledge
representing nutritional abnormalities in LT PN. The great varion in study
design, study setting (e.g. US vs UK) and study dates limit the generalisability
of known findings from the literature review; with particular reference to the
different clinical dosing and monitoring practices in different geographical

settings and points in time.

Specifically, the following notable points were realised from the literature

review:

- There were few recent studies incorporating a range of micronutrients

from a substantial HPN population cohort over longer time periods.

- Although clinical correlations have been made for LT PN patients e.g.
increased prevalence of vitamin D deficiency and poor bone
health/osteomalacia, the longterm clinical implications relating to
micronutrient abnormalities in PN have still not been fully
charaderised, particularly for dose or length of exposure dependent

studies.

- There is scope for optimisation and improvement of micronutrient

dosing in LT HPN patients.

The review has shown that research is in favour of the aforemeimined points
and these will form the basis of the current PhD study schedule; to evaluate
the extent of nutritional abnormalities in LT HPN patients, explore their
relation to the prevalence of clinical issues experienced by patients and finally
to provide research based recommendations to optimise provision of
i EAOI T OOOEAT 60 ET DPAOEAT 006 (0. 8
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5.1. INTRODUCTION

This chapter concerns the retrospective assessment of nutritional
abnormalities (both deficiency andexcess) in a cohort of HPN patients in
Wales. The chapter ends with a critical analysis of the foremost findings from

the study in relation to current expert opinion and previous studies.

5.1.1. Chapter aims

This research chapter aimed to:

- To investigate the extent of nutritional deficiency and accumulation

experienced by the populatiom of LT HPN patients at C&V UHB

- Toidentify the nutrients which are most commonly implicated as being

derangedin this population of patients

- To identify any patterns or trends in nutritional abnormalities
experienced by patients with similar diggnoses or underlying

conditions

- To identify potential factors which couldbe implicated in orcontribute

to micronutrient derangement

5.1.2. Rationale

A review of the literature has gmonstrated the numerous types of nutritional
abnormalities that can occur during LT PN; the extent to which they occur is
made more complex by the many components that comprise PN. Particularly
since there is still more to learn regarding the stability ofindividual
components, their effects upon each other (especially at different
concentrations and/or temperatures) and the overall physical stability of the
PN feed. The review of the literature has given rationale for the present study

performed in this chapter.

There is more to find out about how nutritional abnormalities come to occur,
the extent to which they occur and for what reasons. By researching these

considerations in greater depth it is hoped that further recommendations will
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be made and bespractices implemented to help reduce the potential for their

occurrence.

Although ESPEN and ASPEN publish guidelines on patient PN requirements,
nutritional assessment and monitoring, each HPN centre have their own
experiences and practicesMurphy and Lewis (2016b) supported this theory
when they said that the recommended published wdelines that dictate
patient requirements and intervals for biochemical monitoring are moreover
said to be based on experience rather than evidendssed literature. Perhaps

in undertaking new research examining trends in nutritional abnormalities
experienced by C&V UHB, it will help to bring to light new information that will
benefit the body of HPN knowledge as a whole.

Biochemical blood test records represent a wealth of concise and accurate data
sources. Their use in this study may help to bring taght new findings which
may help to reduce the burden of these nutritional complications on secondary
care; perhaps even reducing associated mortality rates, costs and clinic
waiting times. It was already demonstrated at Hope hospital in Manchester
that two-thirds of all readmissions for HPN patients were for complications of

HPN rather than the underlying condition or surgery(Jones 2003)

By reviewing the biochemical data from the HPN patients maintained at C&V
UHB in the manner of this preliminary study, it will allow future studies such
as audit and service evaluation to be undertaken by developing standards of
practice; ultimately helping to provide methods of overcoming micronutrient

dosing problems that contribute to occurrence of nutritional abnormalities
This study represents a largescale cohort study of several micronutrients. One

of the first of its kind that attempts to quantify the extent of out of range (either

deficient or excessive) nutritional states experienced by LT PN patients.
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5.1.3. Reference range definition

The reference range (or more accurately defined reference interval) is applied
to continuous data and isused to describe the limits (or reference interval) for
blood test results(Lab Tests Online 2009) By explaining its definition, one is
able to understand the context of the results in relation to the reference
interval and their interpretation. Essentially,when a biochemical investigation
is performed, the result is assessed against a reference ppinsually what is
expected in a healthyindividual and the range of values seen in healthy
ET AEOEAOAT O EO OAOIi AA OEA O11 Oi Al OAT C
distribution observed with continuous data). In some situations, it might be
more appropriate for the comparable reference point to be the values
expected in a symptomatic individual. The analyte reference intervals (normal
range) are traditionally defined on the basis of measurement of the analyte in
a sufficiently large sample of individuals from a appropriate healthy
population (age, sex, ethnicity). For data having a Gaussian (normal)
distribution, the results are normalized so that the sum over all values gives a
probability of one. This then gives the definition for the normal range athe
range of values lying between the limits specified by two standard deviations
below the mean and two standard deviations above, encompassing
approximately 95% of the values found in a sampl@Marshall 2008). This gives
the implication that the great majority of healthy people will have a value for
the analyte withinthiO O1 1T Of A1 8 OAT CA j wuobqgn 1 AAOET C

side of this range to represent states of deficiency and toxicity.

It can appear misleading to apply the normal range to a sample population of
DAOEAT OO0 xET AOA Ai1 OEAAORA AUI @I 1 ROIOAI
interpretatively meant as in that they have chronic health problems and

require LT IV feeding. However the ultimate aim is to achieve the same

I OOOCEOGET 1T Al OOAOOO AO A OEAAI OEUB ET AEOE

and hencethe A ZAOAT AA ET OAOOAIT A&OT i A EAAI OEU

as a reference guide.

Ou
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5.2. METHODS
5.2.1. Researchpermissions

This study was conducted using the research permissions as described in
Chapter 2. Allsixty participants recruited and maintained on LT HPN were

eligible for this section of research.

5.2.2. Study design

This study was performed as a retrospective longitudinal database analysis to
investigate the incidence of micronutrient abnormalities experienced in a
cohort of participants maintained on LT HPN at C&V UHB. Specifically,
whether the results were deficient, in range or in excess (toxic) as depicted by
the local C&V UHB reference limits.

5.2.2.1. Dateacollection and sample population

Data were collected from the medical recordsof consenting participants

recruited from the outpatient clinic at C&V UHB. Specifically, this was achieved

OEA | AT OAl AAOA OOAT OAOCEPOEIT 1T & OEA Al T1
01 OOAT 8 OUOOAI xEEAE OOT OAO thlAdiesAO 1T £ O

results.

Data were collected from the date which patients were initiated on HPN up to
and including August 2015. Data collection was limited to the medical records
available online for the participants. For instance, some longstanding patien

preceded the online storage of medical blood test resul{zre-2007/2008.

As already stated, micronutrient assessment in this population of patients is
recommended at least six monthly. By collecting these data, there were at least
two sets of blood test results per participant for each year they were
maintained on HPN. Sensitive or more closely monitored patients may have
required more frequent testing, particularly if repeat tests were required to
confirm absence of deficiency or toxicity after changeto PN formulation were

implemented e.g. removal of compound micronutrient preparations. A full
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breakdown of the data parameters investigated are given in Tables 5.1. and
5.2.

Where older blood test results for serum 28hydoxyvitamin D (pre-2012)
were cdlected but stated in ng/mL on the hospital computer system, these
xAOA AT 1 OAOOGAA O1 1111 r, OOEI ¢ OEA AAI AO]

5.2.2.2. Data handling, storage and analysis

The relevant data were manually transferred into a MicrosofAccess database
for storage and handling, while data analysis was undertaken using Microsoft
Excel. Participants were anonymised and coded to maintain their

confidentiality throughout.

4EA OAOOI 0O &AOiI i OEA DAOEAT OO& ntAn 1 T A OA«
range or in excess according to the hospital reference interval limits in use on
OEA 1T AAl #06 5(" ET OOAT A61ddstribésithE AAT 01 ¢

local reference ranges implemented by C&V UHB for the chosen data
parameters. Please note e separate classification and interpretation of
results for vitamin D (see Sectiorb.2.2.3.1 and Table5.4).

5.2.2.3. Datgparameters

In terms of individual data parameters (Tables.1), data collection was limited
to the blood tests that are routinely performed at C&V UHB and the
micronutrients that can be directly assayed from blood samples i.e. correlating

directly with the provision of micronutrients from the PN feed.

Electrolytes (e.g. sodium, potassium, calcium, chloride, phosphorous and
magnesium) are measured at each clinic visit for HPN patients, however they
do not constitute micronutrients and are more accurately referred to as
principle elements or macro elements(Prashanth et al. 2015) Their daily
requirements in adults are abovel0Omg/day and deficiency usually results in
fatal consequences. Equilibrium of serum electrolytes does have the potential

to fluctuate especially between body cell stores and blood volume, but true
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from this study.

On the other hand, ferritin was included in data collection to give an indication
of iron provision from PN; although technically a biological molecule and not
directly assayed in biochemical blood tests. Its biolagal structure
incorporates an iron core that may contain as many as 4004500 iron atoms
and its concentration in plasma is positively correlated with the size of total
body iron stores (in absence of inflammation). Therefore, it can be assumed
that blood plasma levels of ferritin directly correlate with dietary iron
provision (WHO 2011). However, t is worthy of note that a low serum ferritin
value reflects depleted iron stores, but not necessarily the severity of the

depletion as it progresses.

Table 5.1: Local micronutrient reference intervals implemented by C&V UHB.

Micronutrient Reference Interval (and units)
Copper (Cu) 11.0-22.0 umol/L
Manganese (Mn) 70 -210 nmol/L
Selenium (Se) 0.80- 1.40 umol/L
Zinc (Zn) 8.0-17.0 umol/L
Ferritin 15 - 300 pg/L
Folate 3.1-20.0 pg/L
Vitamin A 1.10- 2.60 pumol/L
Vitamin B12 130 - 900 ng/L
Vitamin D (25-OH-vitamin D) As per BMJ classification, section 5.2.2.3.
Vitamin E 11.00-47.00 pmol/L

x AOOA]

4EA OAEAOAT AA ET OAOOGATI O A1 O OEOAIET $

because classification of vitamin D status required furthecategorisation than
the intervals stated by C&V UHB, to allow an evidend®ased interpretation for

vitamin D deficiency.
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Table 5.2: Categories for further subclassification of micronutrient blood test
results according to: A. IF pathophysiological classification, B. Underlying

disease (that causes IF), and C. Indication for HPN (as clinically noted).

A. IF z pathophysiological classification (primary mechanism)

- Short-bowel with jejunostomy (SBSJ)

- Short-bowel with jejunocolic anastomosis(SBSJC)

- Short-bowel with jejunoileal anastomosis with an intact colon(SBSJIC)
- Fistula (F)

- Dysmotility (Mot)

- Mechanical obstructon (MO)

- Mucosal diseas€MD)

B. Underlying disease (that causes the IF) (main 5 categories)

- Short bowel

- Intestinal fistula

- Intestinal dysmotility

- Mechanical obstruction

- Extensive small bowel mucosal disease

C. Indication for HPN (as clinically noted)

- Short bowel syndrome (SBS)
- Malabsorption

- Obstruction

- Fistula

- Motility

- Failed ENT (enteral nutrition)

- High output (HO) stoma

Micronutrient blood test results were sub-categorised according to the same

classification used in Chapter 3 for pathophysiological IF classification,
underlying disease and indication for HPN, the same classification systems
implemented by ESPENPIroni et al. 2015).
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5.2.2.3.1. Classification for vitamin D status

The reference interval/classification described by C&V UHB for redts of

vitamin D (serum 25-hydroxyvitamin D) was not deemed to be sufficiently

Agpl EAEO AT1T OCE & O ET OAOPOAOGAOGEITT 1T &£ AA
OEAT ouvm 11117, AOA EIMAEhAIA20@BYDds expldined A £E AE A1
when reference ranges give no directut off for data values in this manner, the

OAOiI OOAZEAOCAT AATT 1T Oi Al OAT GCA8 EO 1 EOI AAL
define target values, depending on the overall classification of risk of vitamin

D deficiency. Consequently, a more precise and descriptietassification was

sought for results of the blood test for serum 25ydroxyvitamin D.

As corroborated in the review by Mithal et al. (2009), the definition and
classification of vitamin D deficiency and insufficiency vary considerably
between studies. A resultant effecis observedin which it becomes difficult to
interpret the results of vitamin D blood test results, particularly between
different studies, countries and/or institutions, and the different units being
used. Table 5.3 gives an overview of key recommendations feitamin D
classification from distinguished organisations; note the variation in vitamin

D classification.

The blood test result values for serum 281ydroxyvitamin D are sometimes
stated in both ng/mL and nmol/L. Results for tests at C&V UHB are stated in
nmol/L and for consistency these units have been used throughout this
chapter. To convert between the units the following calculation is used:
nmol/L = 2.5 x ng/mL (Holick et al. 2011; U.S. Centre for Disease Control and
Prevention 2012; Vitamin D Council 2016a)
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Table 5.3: Studies showing the variable classifications for vitaim D

deficiency and insufficiency by different institutions.

Reference Institution/ Vitamin D Author remarks and
Organisation classification limits recommendations

(Dawson- International Deficiency: <25nmol/L | Suggest 2625ug (800

Hughes et al. Osteoporosis Insufficiency: either <75 | 10001U) per day in older

2010) Foundation or <50 nmol/L adults. Efficacy of doses not
(IOF) Optimal target: yet evaluated in RCT,

I xol i 1T17%, premature to recommend
such doses.
The Endocrine | Deficiency: < 50nmol/L | To raise above 75nmol/L,
Society (a Insufficiency: 52.5 may require 25 pg (10001U)
Clinical Practice | 72.5nmol/L per day.
Guideline)

(Drezner 2015) | UpToDate? Deficiency: <50nmol/L Unanimous agreement that
(evidence- Insufficiency: 50- Sonl I T1 ¥, AAA
based clinical 75nmol/L deficiency in US.
decision Ol 1T OF AT & 1
resource) 75nmol/L

(WHO Scientific | World Health Insufficiency: Daily intake of 10-20ug

Group on the Organisation <50nmol/L (400-8001V) is a

Prevention and | (WHO) straightforward, safe and
Management of inexpensive means of
Osteoporosis prevention (of deficiency).
2003)
(Vitamin D Vitamin D Deficient: 0-100nmol/L | Suggests that patients
Council 2016a; | Council (US Sufficient: 100- should aim for an ideal level
Vitamin D non-profit 200nmol/L of 50ng/mL (125nmol/L).
Council 2016b) | organisation) High Normal: 200

250nmol/L

Undesirable: >
250nmol/L
Toxic: > 375nmol/L

(Pearce and
Cheetham
2010)

British Medical
Journal (BMJ)

Deficiency: <25nmol/L
Insufficiency: 25
50nmol/L

Adequate: 5675nmol/L
Optimal: > 75nmol/L

10mcg (4001U) daily dose
only provides sufficient
vitamin D as a prevention of
osteomalacia. Inadequate to
attain optimal status without
skin synthesis as well. High
dose calciferol treatment

necessary <25nmol/L.
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The classification system for vitamin D status based on serum ZBH vitamin
D as recommended by the BMJ was the chosen and preferred classification

system for use in the study (see Table 5.4Pearce and Cheetham 2010)

Rationale was based on the following reasons:

- The BMJ considered multiple sources of evidence from the literature

which were of higher grade of evidence.

- The BMJclassification system had similar cutoff points to the other

well-recognised classification recommendations e.g.

Osteoporosis Foundation.

- It depicts the same cut off limits between insufficient and adequate

levels as C&V UHB.

- It reflects the most stringent criteria for classification of wamin D

status and as such the results reflect the bestise scenario for vitamin

D deficiency and insufficiency.

Table 5.4: BMJ classification of vitamin D statu@Pearce and Geetham 2010).

International

Vitamin D status

Serum 25-hydroxyvitamin D
concentration (nmol/L)

Deficient <25
Insufficient 25-50
Adequate 50-75
Optimal > 75

One may notice that reference values for toxicity have not been given, this has
been previouslyA @1 AET AA ET OAAQEIT Ot8¢8¢8138
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5.2.2.4. Methods of analysis

The data was analysed using descriptive statistics as follows:

- To show the total number (and percentage) of recorded micronutrient
blood tests that were deficient, in range and in eess for the entire
cohort of patient participants. In so doing, identify trends or themes in

micronutrient abnormalities occurring in the patient population.

- To perform comparative analyses by classifying the blood test results
according to the patients pathophysiological classification for IF,
underlying disease (causing the IF) and indication for HPN. Results
were shown as total number blood tests that were deficient, in range or
in excess per patient group within each category to see if there were
any particular nutritional abnormalities associated with individual

diagnoses or indications.

Data transcription checks were performed for 10% of transcribed data to
ensure no errors were made during the process of data transcription and
collection. In resut, no patterns or trends in error were identified throughout

data collection.
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5.3. RESULTS

5.3.1. Total results for participant cohort.

5.3.1.1. Trace elements and ferritin

Table 5.5: Number (and percentage) of TE blood test results that were

deficient, in range or in excess.

Copper Ferritin Manganese | Selenium Zinc
as an indication
(CU) of iron (Fe) (Mn) (Se) (Zn)
stores
69 34 0 187 32
Deficient
(12.4) (7.4) 0) (32.8) (5.8)
446 332 262 350 456
In range
(79.9) (72.5) (49.4) (61.4) (82.6)
43 92 268 33 64
(7.7) (20.1) (50.6) (5.8) (11.6)
Total 558 458 530 570 552

5.3.1.2. Vitamins

Table 5.6: Number (and percentage) of vitamin blood test results that were

deficient, in range or in excess.

Blood test Vitamin A Vitamin B9 Vitamin B12 Vitamin E
Classification (folate)
7 4 0 28
Deficient
(21.8) (0.7) 0) (7.9)
214 429 343 315
In range
(60.4) (79.3) (64.5) (89.3)
63 108 189 10
(17.8) (20) (35.5) (2.8)
Total 354 541 532 353
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5.3.1.2.1. Vitamin D

Table 5.7: Number (and percentage) of serum 251idroxyvitamin D blood test

results that were classed as deficient, insufficiengdequate or optimal.

Insufficient | Adequate | Optimal | Total

Number of tests
(and %) for

vitamin D (serum

28 (5.9) | 114 (24.2) | 152 (32.3) | 177 (37.6) | 471

25-hydroxyvitamin D)

5.3.1.3. Mean (£SD) and range for all micronutrient blood test data

Table 5.8: Mean (xSD) and range of micronutrient blood test results that were

deficient, in range or in excess.

Mean +SD Min Max Reference
range
Copper (umol) 15.36 | 4.68 | 078 | 29.7 | 11.022.0
Manganese (nmol) | 227.82 | 108.07 | 77 780 70-210
Selenium (umol) 0.92 0.31 0.1 1.89 0.80-1.40
Zinc (umol) 12.45 | 413 | 3.3 26.7 8.0-17.0
Ferritin  (ug/L) 217.18 | 245.57 4 1517 15-300
Folate (ug/L) 11.75 6.41 1.4 25.6 3.1-20.0
Vitamin A (umol) 1.79 0.86 0.1 5.26 1.10-2.60
Vitamin B12 (ng/iL) | 864.02 | 446.32 | 174 2000 130-900
Vitamin D (nmol/L) | 69.14 | 34.97 10 211 BMJ class.
Vitamin E (umol) 23.84 11.16 5.40 81.85 | 11.00-47.00
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5.3.2. Comparative group analyses

5.3.2.1. IF pathophysiological classification

Table 5.9: Number (and %) of micronutrient blood test results subcategorised

accordingtoOE A b APdatAdptyHodgical classification.

IF pathophysiological classification [Num. of tests (and %)]

Test

Micronut. classif. SBSJ SBSJC SBSJIC F Mot MD
Deficient 7(3.2) 35(17.8) | 13(29.5) 0(0) 11(17.2) | 3(20.0)
Copper In range 182 (84.3) | 155(78.6) | 29 (65.9) 21(95.5) | 47 (73.4) 12 (80.0)
! 27 (12.5) 7(3.6) 2(4.6) 1(4.5) 6 (9.4) 0(0)
Deficient 0(0) 0(0) 0(0) 0(0) 0 (0) 0(0)
Manganese | In range 101 (48.6) | 83(44.6) | 32(74.4) 9(42.9) 36 (60.0) 1(8.3)
! 107 (51.4) | 103(55.4) | 11(25.6) | 12(57.1) | 24(40.0) | 11(91.7)
Deficient | 43(19.1) | 77(39.1) | 22(47.8) 2(8.7) 34 (54.0) 9 (56.3)
Selenium In range 159 (70.7) | 117 (59.4) | 23(50.0) | 17 (73.9) | 27 (42.9) 7 (43.7)
! 23(10.2) 3(1.5) 1(2.2) 4(17.4) 2(3.1) 0 (0)
Deficient 4(1.9) 9(4.7) 1(2.2) 1(4.5) 9 (14.5) 8(53.3)
Zinc Inrange | 168(78.1) | 175(90.6) | 43(95.6) | 19(86.4) | 44(71.0) | 7 (46.7)
- 43 (20) 9(4.7) 1(2.2) 2(9.1) 9(14.5) 0(0)
Deficient 14 (5.7) 4(3.8) 3(13.6) 0(0) 8(20.5) 5(23.8)
Ferritin Inrange | 165(67.4) | 87(82.1) | 14(63.6) | 23(92.0) | 27(69.2) | 16(76.2)
- 66 (26.9) | 15(14.1) | 5(22.8) 2(8.0) 4(10.3) 0(0)
Deficient 1(0.4) 0(0) 0(0) 0(0) 1(1.8) 2(10.0)
Folate Inrange | 202(87.1) | 124 (74.3) | 19(48.7) | 27(100.0) | 41(73.2) | 16(80.0)
- 29(12.5) | 43(25.7) | 20(51.3) 0(0) 14 (25.0) | 2(10.0)
Deficient | 17 (12.7) | 32(25.4) 1(3.4) 0(0) 21(58.3) | 6(33.3)
Vitamin A [ Inrange | 82(61.2) | 93(73.8) | 7(24.1) 9(81.8) | 12(33.3) | 11(61.1)
- 35(26.1) 1(0.8) 21(72.4) | 2(18.2) 3(8.4) 1(5.6)
Deficient 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0)
Vitamin
510 Inrange | 143(63.0) | 131(78.4) | 3(7.7) 20(74.1) | 29(53.7) | 17(94.4)
84(37.0) | 36(21.6) | 36(92.3) | 7(25.9) | 25(46.3) 1(5.6)
Deficient 10 (4.9) 9(5.7) 3(10.7) 0(0) 5(9.8) 1(7.7)
- Insufficient | 43(21.2) | 45(28.7) 3(10.7) 8(42.1) 12 (23.5) 3(23.1)
Vitamin D
Adequate | 60(29.6) | 55(35.0) 2(7.1) 6 (31.6) 23 (45.1) 6 (46.1)
Optimal 90 (44.3) | 48(30.6) | 20(71.5) 5(26.3) 11 (21.6) 3(23.1)
Deficient 1(0.7) 12 (9.6) 0 (0) 0 (0) 5(13.9) 10 (55.6)
Vitamin E In range 128 (95.5) | 113(90.4) | 26(89.7) 10(90.9) | 30(83.3) 8 (44.4)
- 5(3.7) 0 (0) 3(10.3) 1(9.1) 1(2.8) 0(0)
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5.3.2.2. Underlying disease (that causes IF)

Table 5.10: Micronutrient blood test results subcategorised according tdhe

patient® underlying disease that causes IF.

Underlying disease (that causes IF) [Num. of tests] [%]

Micronut. Test )
Classif. Short Intestinal Intestinal Mechanical E’;:Zf'n‘:i;?;:'
bowel fistula dysmotility obstruction P
Num % Num % Num % Num % Num %
Copper Deficient 55 | 12.6 0 0 11 18.3 0 0 3 20.0
In range 348 | 798| 21 | 955 | 46 | 767 | 19 | 76.0 12 80.0
J 33|76 1 | 45| 3 | 50| 6 | 240 o 0
Manganese | Deficient 0 0 0 0 0 0 0 0 0 0
In range 211 | 50.8| 9 429 33 | 589 8 308 1 8.3
204 | 492 | 12 | 571 | 23 | 411 | 18 | 69.2 11 917
Selenium Deficient 140 | 31.3 2 8.7 33 55.9 3 12.0 9 56.3
In range 281 | 629 | 17 | 739 | 25 | 424 | 20 | 80.0 7 43.7
J 26 | 58| 4 | 174 | 1 17 | 2 8.0 0 0
Zinc Deficient 14 3.2 1 46 9 15.5 0 0 8 53.3
In range 367 | 85.0| 18 81.8 42 724 | 22 88.0 7 467
J 51 |118| 3 | 136 | 7 | 121 | 3 | 120 | o 0
Ferritin Deficient 19 | 54 1 3.8 7 20.0 2 8.3 5 23.8
In range 254 | 722 | 24 | 924 | 24 | 686 | 14 | 584 16 762
J 79 |224| 1 | 38 | 4 | 114] 8 | 333 | 0o 0
Folate Deficient 1 0.2 0 0 1 2.0 0 0 2 10.0
In range 327 | 779 | 28 | 100.0| 36 | 706 | 22 | 1000 | 16 80.0
J 92 [219| o 0 14 | 274 o0 0 2 10.0
Vitamin A Deficient 45 | 16.4 1 8.3 20 60.6 5 29.4 6 33.3
In range 173 | 632 | 9 750 | 11 | 333 | 10 | 588 11 61.1
J 56 |204| 2 | 167 | 2 | 61 | 2 | 118 | 1 56
Vitamin Deficient 0 0 0 0 0 0 0 0 0 0
B12 In range 264 | 635 | 21 | 750 | 27 | 551 | 14 | 667 | 17 | 944
J 152 | 365| 7 | 250 | 22 | 449] 7 | 333 | 1 56
Vitamin D Deficient 22 6.0 0 0 5 10.4 0 0 1 77
Insufficient | 86 | 234 | 8 | 400 | 12 | 250 | 5 22.7 3 231
Adequate | 108 | 29.3| 7 350 | 20 | 417 | 11 | 50.00 6 46.1
Optimal 152 | 41.3| 5 250 | 11 | 229 6 273 3 231
Vitamin E | Deficient 13 | 48 0 0 5 15.1 0 0 10 556
In range 252 | 92.3| 11 | 917 | 28 | 849 | 16 | 941 8 44.4
J 8 |20 1 | 83| o 0 1 59 0 0
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5.3.2.3. Indication for HPN (as clinically noted)

Table 5.11: Micronutrient blood test results subcategorised according tahe

patient® indication for HPN.

Indication for HPN (as clinically noted) [Num. of tests]  [%]
. Test Failed
Micronut. SBS Mal-abs. Obst. Fistula Motility HO stoma
classif. ENT
N % N % N % N % N % N % N %
Deficient | 55 | 129 | 1 83 | 0 0 0 0 11 [ 211 | © 0 2 182
Copper Inrange | 370 | 871 | 11 [ 917 | 1 | 250 | 5 | 1000 | 38 | 731 | 13 | 100.0 | 8 72.7
! 0 0 0 0 3| 750 |0 0 3|58 0 0 1 9.1
Deficient 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Manganese | Inrange | 218 | 494 | 0 0 3| 750 | 2 | 400 | 30 | 625 | 6 | 46.1 | 3 30.0
- 223 | 506 | 9 | 1000 | 1 | 250 | 3 | 60.0 | 18 | 375 | 7 | 539 | 7 70.0
Deficient | 140 | 296 | 8 | 615 | 1 | 250 | 2 | 400 | 32 | 627 | 2 | 154 | 1 9.1
Selenium Inrange | 304 | 643 | 5 385 | 2 | 500 | 2 | 400 | 18 | 353 | 11 | 846 | 9 81.8
! 29 [ 61| 0 0 1| 250 |1 (20| 1]|20]|0 0 1 9.1
Deficient | 14 | 31 | 8 | 667 | O 0 0 0 9 [ 180 O 0 1 9.1
Zinc Inrange | 389 | 851 | 4 | 333 | 2 | 500 | 5 | 1000 | 36 | 72.0 | 11 | 846 | 9 81.8
- 54 | 118 | 0 0 2| 500 |0 0 5 [ 100| 2 | 154 | 1 9.1
Deficient | 21 | 55 | 5 | 294 | 1 | 250 | O 0 3 [103| 4 | 40| 0 0
Ferritin Inrange | 277 | 723 | 12 | 706 | 3 | 750 | 2 | 50.0 | 22 | 759 | 6 60.0 | 10 | 90.9
- 85 [ 222 0 0 0 0 2 | 500 | 4 |138| 0 0 1 9.1
Deficient | 1 02 | 2 | 118 |0 0 0| 00 1|23 |0 0 0 0
Folate Inrange | 357 | 795 | 13 | 76.4 | 5 | 100.0 | 4 | 100.0 | 31 | 70.4 | 9 75.0 | 19 864
- 91 (203 | 2 | 118 | O 0 0 0 12 | 273 | 3 | 25.0 | 3 13.6
Deficient | 48 | 169 | 6 | 40.0 | 1 | 333 | 0 0 20 | 667 | 1 | 125 | 1 11.1
Vitamin A | Inrange | 179 | 630 | 8 | 533 [ 1 | 333 | 4 | 800 | 10 [ 333 | 5 | 625 | 7 778
- 57 [ 201 1 6.7 133 |1 200] 0 0 2 | 250 | 1 11.1
Deficient | 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Vitamin
B12 Inrange | 282 | 634 | 15 | 93.7 | 2 | 400 | 4 | 1000 | 21 | 50.0 | 10 | 90.9 | 9 | 1000
- 163 | 366 | 1 63 | 3 | 600 | O 0 21 | 500 | 1 9.1 0 0
Deficient | 22 | 56 | 1 | 100 | O 0 0 0 5 [ 122] 0 0 0 0
Insuff. 93 [ 238 | 3 | 300 | O 0 3| 600 | 10 | 244 | 2 | 182 | 3 30.0
Vitamin D
Adeg. 119 [ 304 | 3 | 30.0 | 3 | 100.0| 1 | 20.0 | 16 | 39.0 | 4 | 364 | 6 60.0
Optimal | 157 | 402 | 3 | 300 | O 0 1| 200 | 10 [ 244 | 5 | 454 | 1 10.0
Deficient | 13 | 46 | 10 | 667 | O 0 0 0 5 [ 167 | O 0 0 0
VitaminE | Inrange | 263 | 929 | 5 | 333 | 2 | 667 | 4 | 80.0 | 25 | 83.3 | 8 | 100.0 | 8 889
- 7 25 | 0 0 1333 |1 200]| 0 0 0 0 1 11.1
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5.4. DISCUSSION
5.4.1. General discussion and main findings

The present study has displayed the relative trends in nutritional
abnormalities that affect LT HPN patients. Most notably, deficiencies of
selenium and vitamin D as well as excesses of manganese andr&up
vitamins. The study consolidates and confirms th occurrence of nutritional
abnormalities long suspected by HPN clinicians and experts; previous
evidence in the literature has been limited to individual case reports rather
than larger scale retrospective population studiegvVanek et al. 2012) Patients
are regularly monitored at routine intervals (at least six monthly) and their PN
therapy is tailored to their needs,so the prevalence and degree/extent of out

of-range blood tests was somewhat unanticipated.

Respectable and satisfactory participant recruitment (64.5%) was observed in
this study considering that LT PN populations are inherently small in size, last
officially documented as 10 per million in the UK(Smith et al. 2011)
Fortunately for the type of study performed, the relatively small sample size
was characterieed by offering a rich data set for analysis, resulting ia large

amount of blood test result values for inclusion in the study.

In terms of research findings for nutritional abnormalities, a similar project
was recently undertaken at an NHS trust in Piyiouth reviewing micronutrient
status in HPN patient{Murphy and Lewis 2016b). Their key findings were the
persistent deficiencies of selenium and vitamin D, concordant with the
findings of this study as well. Interestingly, they reported a large percentage of
patients (84%) remaining deficient in vitamin D since commencing HPN,
although it was noted that there were limited number ofpatients included in
their audit (n=22). Additionally, another project was performed byConway et
al. (2014) and noted similar findings in terms of vitamin D deficiency (56% of
patients deficient) and manganese excess (65%), in 63 of 89 patients on HPN.
Interestingly they excluded patients showing signs of systemic inframatory
response (as per different white cell count, CRP and albumin), an approach
which could be implemented in future studies to exclude the effect of the APR
on micronutrient biochemical tests. Besides the above mentioned studies, this
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appears to be theone of the first studies of its kind to retrospectively
investigate a broad range of ten micronutrients from a sizeable and specific
population of HPN patients and document the frequency of their derangement.
Since the Cardiff IF clinic caters for the HPNeeds of almost all patients in
Wales, the findings also accurately characterise the nutritional abnormalities
for Wales as a country. As of July 2015, Cardiff IF clinic catered for 93 out of a
total of 98 patients in Wales (94.9%), and this number has rste grown
dramatically again (Hawthorne and Juckes, personal communication, Dec
2016).

The main findings for each group of micronutrients are discussed and

reviewed in turn.

5.4.1.1 Trace elements and ferritin

The most remarkable observation was that apmximately half of the blood
test results for manganese were in excess (50.6%), alongside complete
absence of deficiency. As previously mentioned, unmanaged manganese
toxicity has the potential to cause irreversible neurological sidesffects and
parkinsonian-like symptoms. The most accepted dose for manganese
supplementation was first stated byTakagi et al. (2002)as 1umol per day, still
supported by ASPEN recommendation8/anek et al. 2012) and still less than
the dose included in Additrace (5pumol)Fresenius Kabi 2016) The studies by
Howard et al. (2007) and Dickerson (2001) suggest that manganese PN
requirements are flkely to be met by contamination alone and should
Obp1 OOEAT U6 110 AA ETOATOEITAI 1T U 00DPDI Al Al
systematic review by Baker et al. (2016) graded evidence on manganese
supplementation and surmised that there was limited evidence to support not
supplementing manganese in LT HPN. Further intervention studies being
necessary, such as an on/off exposure study design over a period of at least six
months as proposed byTakagi et al. (2002) A prevailing explanation for the
large number of toxic manganese blood test results is that they result from
overprovision of manganese in the TE preparation Additrace an opinion
shared with Conway et al. (2014)after 64% of their patients (n=89) had

elevated manganese levels while receiving Additraeor Decar®. In our study,
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it transpired during data collection that over the course of the time period for
DAOOEAEDPAT 006 AOOAOQEI I OANOEOET ¢ (0. h
necessitated removal of thepreparation from their PN regimen (data not
collected), presumably due to the toxic manganese results. This finding is in
keeping with views from others that the dose of manganese in TE preparations
is excessive, especially alongside unquantified amountas a ubiquitous
contaminant (Hardy 2009; Abdalian et al. 2012; Abdalian et al. 2013Dverall,
our findings for the high proportion of manganese blood test results being in
excess suggest that dsing in HPN, whether intentional (as within Additrace)
or unintentional (as a contaminant) requires further research into quantifying
sources of manganese contamination, since evidenbased safe
recommendations for its dosing and supplementation in LT PNave now been
established. Ultimately evidence from the literature suggests that the PN
industry should strongly consider producing manganesédree TE preparations
for those with sensitive requirements e.g. those with cholestatic liver disease.
The newer TEpreparation Nutryelt contains less manganese in line with
recommendations byVanek & al. (2012) yet faces delays in its use for bespoke

PN until it has demonstrated physical stability across a range of formulations.

A key finding from the analysis of trace elements was the large number of tests
that were deficient for the TE selenim (32.8%), suggesting the presence of
deficiency states and unsatisfactory selenium dosing in a large proportion of
patients. Selenium appears to be one of the most manipulated components of
OEA DAOEAT GsGith 400mmdD Bel@deprodided in each ddy vial of
Additrace®; alongside any extra selenium to be dosed to patients when
deficiency is observed and physical stability permits its inclusion in the PN
formulation. However a factor which complicates interpretation of this finding

is that selenium B a reverse APR reactant, its representation as deficiency can
in some cases be due to the APR where a patient has or recently had illness,
inflammation or infection; as is common with Gl diagnoses and biochemically
shown by a high CRP valu€Ringstad et al. 1993; Stefanowicz et al. 2014)
There is the general consensus that PN additives should provide more
selenium (Vanek et al. 2012) this has in part been accomplished with the
AT i Pl OEOGEIT 1T &£ OEA TAx 4% POAPAOAOGEIT O. ¢
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for selenium, one also recommends that future research should establish
which HPN patient groups require more selenium in their PN. Hopefully in
time the PN industry will be able to market more PN TE additives to suit

variable selenium patient requirements

Serving as a loose indicator of iron provision, a relative finding was that
ferritin showed 7.4% of deficient blood test results; a value that adds to the
growing knowledge that iron deficiency anaemia is a common clinical problem
in LT HPN patients. Aecent study byHwa et al. (2016)noted iron deficiency
in 60 patients (32.4%) while maintained on HPN, as demonstrated by ferritin
levels below the lower limit of the reference interval, necessitating
replacement therapy with iron dextran, iron sucrose and ferrous gluconate. It
is acknowledged that a great proportion of HPN patients at C&V UHB required
further iron supplementation (usually as separate iron infusions as physical
stability of the PN limits extra grovision of iron in formulation), however there
was poor documentation of patient records for iron administration. Clearly,
there were a high proportion of results in excess of the upper limit for the
reference range (20.1%). It is more likely that this reult was a complication
of concurrent inflammation or illness rather than excess iron provision as
serum ferritin rises non-specifically as an inflammatory marker during illness
and infection (Koperdanova and Cullis 2015) however it is not known how
many patients may have receivedron infusions within the time period of
which data was collected Measurement of serum iron as a blood test wdd
have shown a more accurate representation of iron status in the patients but

this is not routinely measured by C&V UHB.

Copper and zinc showed more consistent results with that of the general
population, each displaying a more symmetrical distributionacross the
reference interval with less blood test results classified as deficient or in
excess. However, the results do suggest that copper deficiency could be a
potential problem in this population of patients (12.4%) with deficiency states
previously clinically reported (Karpel and Peden 1972; Dembinski et al. 2012,
Pramyothin et al. 2013; Frankel 2016) still its role as an acute phase reactant
should be noted(Shenkin 2008; King 2015) ConverselyVanek et al. (2012)
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have recommended reduction of parenteral copper doses in PN additives over
concerns for toxicity stateshence the results show the difficulty in gauging the
optimal dose of copper for HPN patients. Additionally, the results suggest that
a possible synergistic relationship may exist between copper and zinc, as
excess provision of zinc has been demonstrated e risk factor for copper
deficiency (King 2015). Contrasting with the literature where most concern
remains over the potential for zinc deficiency, it displayed a trend for more
results in excess, a bizarre finding considering that dosing revisions have
recommended increased provisions in PN are necessafyanek etal. 2012).
Again, the potential for zinc as a reverse acute phase reactant should be noted
in its ability to give a false indication of deficiency during the APEShenkin
2008).

Regarding the suitability of Additrace® for the population of LT PN patients, in
O#EADPOAO o8 EO OOAT OPEOAA (BA)@ecdivedl U pcg |
Additrace® within their weekly PN regimen. Aresult which demonstratesits
unsuitability for the needs of LT PN patients in terms of total TE dosingince
one would have expected more patients to receive the preparation within their
PN regimen as it caters for the daily basal requirements of PN patients
Throughout the process of data collection, it became apparent that excess
blood test results for manganese (and more infrequently copper and zinc)
necessitatal the removal of the mult- TE product Additrace® (the only way to
limit manganese &posure to patients is to remove the compound preparation)
(Buchman et al. 2009; Hardy et al. 2008; Shenkin 2015; Vanek et al. 201Phis
incurs several effectsall the other TE then require manual additionto the PN
feed (where singular TE preparations existlimited availability ), a somewhat
labour intensive process which has the advantage of giving more precise
individualised TE dosing for patients (for Cu, Mn, Se and Zn). An additional
complication of this process is that patients then miss out on the other five
essential TE included in Additrac@ alongside copper, manganese, selenium
and zinc. As the UK market leading preparation for TE in PN, it seems long
overdue review of its composition in light of ke research findings and expert
opinion (Vanek et al. 2012) However the financial implications for its
reformulation by its iIOOOEAOOT O O0&OAOCAT ESOO +AAES 1 AU
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interests while it is still relied upon as the only TE preparation available for
consumer use in the UK. Meanwhile in 2015, Baxter and Laboratoire Aguettant
announced the release of a new TE preparaiio T Al AA @B&EROUAIT O
2015), its composition includingdoses in line with current recommendations

AOT T AT OE %w30%. AT A 130%. j OAA O#EADPOAO
(Staun et al. 2009; Vanek et al. 2012)The main noteworthy changes in its
composition by comparison to Additrac® include less manganese, more
selenium, less copper and more zinc. The findings from the present study for
excessive resuls for manganese and deficiencies of selenium corroborate the
composition of Nutryelt®. Unfortunately, this new product faces opposition for

its inclusion in LT PN as homecare companies are reluctant to incorporate it in

PN production until it has satisfiedphysical stability tests across a range of
formulations (as one would expect to find in LT PN patients requiring bespoke

PN).

5.4.1.2. Vitamins

The results for folate and vitamin B12 show little (0.7%) to no (0%) deficient
test results respectively. A psitive finding showing that patients are
adequately dosed for these watesoluble vitamins, as provided by either
Cernevit® or Solivito N Adult®; in some cases patients may have received
intramuscular three monthly injections for diagnosed B12 deficiency @aemia.
Although the findings appear alarming for the high number of test results in
excess, it is generally considered that excesses of watsluble vitamins are
free from toxic effects because they are readily excreted from the body
(Shenkin 2008). The large SD value and high mean for vitamin B12 showed
that the data were spread across a wide range of values, again demonstrating
ample yet considerably variable vitamin B12 provision in the cohort of
patients. Again, similarly, data was not collected on how many patients
received vitamin B12 injections during the timeperiod of which data was
collected, which could have skewed the result to greater values for toxicity
states Generally these results show that the preparations provided more than
the necessary amounts for these vitamins, with general agreement for lack of

concern when in excess.
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Showing less definitive findings, vitamin A demonstrated both large amounts
of blood tests agdeficient (21.8%) and in excess (17.8%); rather than showing
a trend in one particular direction, there was a narrower window for keeping
patients in range. It has already been established that vitamin A is subject to
photodegradation without light protection, especially in the absence of lipid
inclusion in the PN feedHaas et al. 2002; Ferguson 2014)This process could
account for the obseved deficiencies in this study considering that PN is batch
delivered for patients either weekly or fortnightly. On the other handShenkin
(2015b) states that ultraviolet radiation of retinol is unlikely with normal
room lighting. Nethertheless the deficiencies were still in keeping with a
similar study by Labadarios et al. (1988) although it was noted to be a dated
study with a limited sample size (43% deficient, n=22). Generally said, further
research regarding the optimal dose of vitamin A is necessary espally under
specific storage conditions; one would suggest intervention studies such as

lipid vs. no lipid, light vs. no light or high vs. low dose vitamin A.

The results for vitamin E showed a tendency for deficiency over toxicity;
however generally vtamin E proved itself as the most controlled and well
supplemented micronutrient in the study with 89% of results in range. Its
findings in this study are in keeping with its review from the literature which

found little published evidence of nutritional abnormalities aside from

incidences of inadequate vitamin E supplementationThurlow and Grant

1982; Porter et al. 2005; Biesalski 2009)

Patients showed inadequate vitamin D status in 30.1% of blood tests, this
being the collective result for both states of deficiency (5.9%) and insufficiency
(24.2%). The unquantified effect of this prof®@1 A OET AAANOAOAG
is well known to adversely affect patient bone healti{DeLuca 2009; Fessler
2009). A number of factors could contribute to approximately a third of the

patient sample having inadequate vitamin D status ahinclude:

- Reduced amounts of sunlight exposure and intradermal vitamin D
synthesis by comparison to the general population e.g. more home

bound patients, confined to their residence by long infusion hours.

- Omission of vitamin D from PN regime (from PN additives Vitlipid N
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Adult® or Cernevit®) as some clinical situations necessitate their
OAi T OATh £ O Ii1T0A AAOGAEI OAA O#EADPOAO
- Inadequacy of vitamin D dose within PN additives (Vitlipid N Adu® or

Cernevit?)

- Inadequate further vitamin D supplementation. Most patients require
additional vitamin D supplementation outside their PN regima. The
adequacy and degree of this extra supplementation (oral/lV) may play
a rolein the reported deficiencies; many oral supplements exist with
large variation in doses and frequencies from 200IU daily to 50,0001U
weekly, depending on whether treatment aims are for deficiency or
maintenance. An ergocalciferol intramuscular injection exists
providing 300,000 units, usually given once or twice annudy

depending on serum 250H vitamin D levels.

- The possibility that vitamin D instability may play a role in reduced

doses being delivered to patients from their PN reginme

'T ET OOET OEA 1 EI EOAOGETT AOOI AEAOAA xEOE
(<50nmol/L) as based on measurement of 2&ydroxyvitamin D is that it does

detect the activated forms of vitamin D (alfacalcidol or calcitriol). Some

patients with known renal issues could potentially have been receiving
preparations containing these forms & activated vitamin D, resulting in

potential overestimation of the degree of vitamin D deficiency experienced by

the HPN population.

The amount of vitamin D synthesised via sunlight exposure should be
considered independent of both vitamin D provision fom PN and diet as a
stable and consistent factor, an approach also taken by the SA@¢ientific
Advisory Committee on Nutrition 2016). This sensible method then excludes
the variable and often limited vitamin D provision from othe sources. It is
clear that this avenue requires further research not only in establishing the
true stability of vitamin D in PN but also in establishing the optimal dose for
PN patients. In agreement withFessler (2009), standard PN additives contain
significantly reduced doses by comparison to the recommended requirements

of adults in the general population; actual maintenance requirements gauged
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to be as much as 800IU per day with treatment doses said to be much higher
(Holick 2007; Cannell et al. 2008; Holick et al. 2011)n a view to reflect the
latest opinion for higher requirements and as previously mentioned, in July
2016 the UK SACN reviewed their daily recommended dose to 10mcg (4001U),
previously 5mcg (200IU), as a baseline dose for all adults regardless of age or
estimated UV synthesis. Perhaps it is timir PN additives to also reflect the
more recent recommendations for daily vitamin D provision. Optimal vitamin

D supplementation outside of the dose providd in PN additives is also a key
consideration. A recent audit performed byMurphy and Lewis (2016a)from
South-west UK based HPN centre found interesting and positive findings from
their established vitamin D treatment guideline. They invesgated vitamin D
status in HPN patients in relation to a treatment intervention with vitamin D,
either oral high dose treatment (9600IU/day) where Gl absorption was
possible or IM injection (300,0001U) for those with inadequate absorptive
capacity. They olerved vitamin D levels to be significantly improved post
intervention, according to the same vitamin D classification system
implemented in the present study. Again however their study was limited by
a small sample size (n=13), yet was able to establishsaund and effective

protocol for the treatment of vitamin D deficiency in HPN patients.
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5.4.1.3. Comparativggroup analyses

No substantial findings were elucidated from the comparative analyses when

the micronutrient blood test results were subcategoE OAA AAAT OAET C

DAOET PEUOGEIT 1 T CEAAT Al AOOEZLZEAAQEI T dh
(0.68 /1TAA OEA AITTA OAOO OAOOI 00
different groups, there were variable and often insufficient numbers of tests to
be abk to draw conclusions or findings. Also, no patients were classified as
having mechanical obstruction as a pathophysiological cause for their IF and

as such no micronutrient blood tests could be categorised.

However this analysis did allow context of theblood test results for short
bowel syndrome as a both an underlying disease and in terms of its
pathophysiological classification, as this was the category with the largest data
set post subcategorisation. Since most nutrient absorption occurs in the smial
intestine, it is entirely conceivable that patients with SBS are at risk of
nutritional deficiencies. One study has stated that even with as little as a third
of remaining small bowel length, the body is still able to maintain adequate
vitamin and mineral stores, provided there is a welbalanced diet
(Westergaard and Spady 1993)Yet in patients requiring LT PN, it can already

be assumedhat a regular oral diet is insufficient for their needs.

The small intestine is the predominant site for absorption for nearly all
vitamins, minerals, proteins and fatgBryant and Hampton 1992) The location

of their absorption give an idea of the anatomical influence upon their
implication in nutritional abnormalities. Iron and zinc are known to be
absorbed along its length, folate in the upper third; selenium, vitamins A, D and
E in the ileum along with vitamin B12 #&sorption just before the small
intestine joins the large intestine (Gmoshinskii and Mazo 2006; Lambert
2008). As such deficiencies are apparent and can be observed in Tables 5.9
5.11 for selenium, zinc, vitamins A, D and E; greater quantities of deranged
blood test results being demonstrated wih the greater degree of bowel loss

and HPN dependency.
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High excesses of manganese across all subcategories. However notably

less within SBS-JIC, those requiring less intensive HPN therapy than
SBSJC and SBS. Leading to a theory that those requiring more HPN

(by volume or frequency) potentially receive greater doses of

manganese as a contaminar{Hardy 2009).

More deficiency states for selenium in those with motility disorders,
deficiencies have previously been shown to be related to poor

absorption of selenium from the Gl trac{Rannem et al. 1998)

More defidencies of zinc in mucosal disease. Increased prevalence of
zinc deficiency (19%) has been observed in other mucosal diseases
(Bao et al.2016).

Similarly, more deficiencies were observed for vitamin E in those with
mucosal disease. The only comparable evidence being that in vitamin E
deficient rat models, gastric mucosal injury was greatefNaito et al.
1999).

Higher degree of derangement of micronutrient results was observed
in patients with a greater degree of bowel loss/HPN dependency (SBS J
> SBSJC > SBSIC). For instance one expects considerable stomal
losses of selenium, zinc and copper in SHSpatients (see Table 5.9)
(Nightingale 2006; King 2015) Yet the results cannot clarify whether
the degree of derangement in results is potentially due to the
complication of inflammatory disease states on the accuracy of
reported BT results; or whether it is simply harder to gauge accurate
micronutrient requirements in those with extensive bowel

loss/resection.

More vitamin A deficiencies in motility disorders, concordant with
studies implicating the role of vitamin A in the rmal functioning of
the enteric nervous system (ENS) which governs the function of the
gastrointestinal system (Sato and Heuckeroth 2008; WrightJin et al.
2013).

Highest incidences of iron deficiency (as indicated by deficient ferritin)
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were in the subcategories for SBS and dysmaotility, as paralleled with
findings by Hwa et al. (2016)

5.4.2. Limitations

The findings of this allencompassing study have been positive in confirming
current issues reported in LT PN patients, yet there are limitations associated
with this study. For instance, althaigh excellent participant recruitment rates

were achieved for this study, it still amounted to a small number of patients
from a single HPN centre. Inclusion of more participants from more HPN
centres would have made the findings of nutritional abnormalitts more

generalisable to the wider population and also in terms of the differing HPN

practices between centres across the UK.

For one of the key results, the true degree of overprovision of manganese is
complicated by the unquantifiable degree of contamiation from an array of
potential sources. These include the use of contaminated sterile solutions
and/or needle manipulation during PN production, as well as possible
contamination from needles when blood samples are taken from patients,
since manganesas known to leach from metal needlegCornelis et al.1996;
Yang and Lewandrowski 2002; Hardy 2009)

A more unavoidable limitation was the degree of variation existing between
participants and the data extracted from each participant. For example, some
patients may have started PN at an earlier date itime or be maintained on
more (or fewer) PN feeds per week, i.e. some patients are entirely dependent
on their PN. However, for the research purposes of this study, the degree of
ET OAOPDAOEAT O OAOEAOQEIT AATTT O AA AT1 60T
nutritional status as recommended and the biochemical monitoring is still
indicative of their nutritional status and our ability to meet their needs via
manipulation of their PN regimen, regardless of how many nights per week
they feed. Likewise, there wereavariable durations of time that each participant
had spent receiving PN by the point in time of data collection. However the

retrospective clinical nature of the study should be noted in that the clinical
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treatment decisions were made over the course of eh patients history of PN
therapy to correct deranged blood test results i.e. patients being given reduced

or further supplementation, and not left running LT deficiencies or toxicities.

Although C&V UHB aim to follow ESPEN recommended guidelines foledst

six monthly biochemical monitoring, in practice this is not always possible as
sometimes it may be a slightly longer interval between monitoring depending
on clinic/patient availability or whether patients require more frequent
review after derangedtest results. In some instances, biochemistry test results
are not available for a number of reasons, these include laboratory error,
inadvertent omission of blood test request (i.e. forgotten), incorrect sample
collection (e.g. wrong sample container) oexpired blood samples. Overall the
results from this study still display the clinical picture for the degree of
deranged results from the population, and should be considered in line with
the view of Fragkos et al. (2016who showed thatover the time course of HPN
administration that micronutrient deficiencies were maintained regardless of
underlying IF aetiology and/or presence of fistula or stoma, considering the
limited micronutrient PN preparations available. BothFragkos et al. (2016)
and Forbes and Forbes (1997)were able to show that HPN service
management by a specialised IF/HPN NST in an ad hoc fashion was effective
AT A AAT A O AT OGAO DPAOEAT 0066 ,4 oO. OANO
monitoring performed at C&V UHB. Yet aside from this consideration, ihsuld

be noted that the present study did not separate blood tests that could have
been associated with potential deficiency states prior to patients starting HPN,

as noted in a similar study byMurphy and Lewis (2016b).

Another unavoidable and inherent limitation associated with blood
biochemistry is the actual degree of accuracy, kiability and precision of the
reported results themselves (see Chapter 4, Section 4.1.5.1). Since these
biochemical parameters are used clinically to monitor and guide treatment
decision process in practice, they are therefore still the best data paramese

to have included in the study. Yet it has been mentioned by some that more
accurate biochemical indicators of nutrition states exist which may play roles

in future research studies(Daniells and Hardy 2010; Hambidge 2003; He
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2011; Hotz et al. 2003; Néve 2000)Likewise, a similar limitation exists for
folate and vitamin B12 in that the biochemical tests used to assess thstatus
have biphasic and inverse characteristics, suggesting that the eoff points for
their reference interval are somewhat unreliable and inaccurateSelhub et al.
(2008) suggested a method to establish better cuff points for assessing
nutritional status for these vitamins, by using doseconcentration graphical

intersections to guidethe assessmenbf adequacy of vitamin provision

The effect of the APR on the accuracy of the reported biochemistry results
should also be considred as a possible limitation, as concomitant infection
decreases intestinal absorption of nutrients and can cause direct loss of
micronutrients from the body (see Chapter 4, Section 4.1.5.1.). Traditional
biochemical indicators for micronutrients (e.g. ion, zinc, selenium, copper)

are altered during the APR, giving inaccurate estimation of nutritional status

(Bresnahan and Tanumihardjo 20148 4 EA OAAAOOAAUS 1T &£ Al T
clinically interpreted on an individual case basis in the dayo-day practice
settingdurinC OAOEAx 1T £ DPAOEAT 006 n hficheadel EOOOU
DOAOAOEAAOO 1 AEA A1 ET & Oi AA AAAEOEIT I
prescription based on the reliability of the blood test results. For research

purposes, all test data was included regards of how accurately or reliably it

was interpreted at the time. The APR is estimated to account for an
overestimation of 16% of diagnoses of vitamin A deficiency and
underestimations of 15% for the prevalence of irordeficiency anaemia

(Wieringa et al. 2002) The concise review article byBresnahan and
Tanumihardjo (2014) reports that the effect of the APR on micronutrient

status during infection is most notable for retinol, iron, ferritin and zinc (by

degrees of up to 25% reduction, 2660% reduction, 30-1400% increase and

12% reduction, respectively). The underestimation of selenium during the

APR has also been wetlocumented(Maehira et al. 2002) Meanwhile a more

concise investigation into the effect of the APR on micronutrient status found

that the magnitude of the effect was greatest for selenium and vitamins A, B6,

C, and D, for which the madn plasma concentrations decreased by more than

40%, although it was noted that there was marked interpatient variation for

the effect of the APR on each micronutrienfDuncan d al. 2012). Altogether,
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this limitation complicates accurate and reliable interpretation of meaningful
blood biochemistry, particularly in situations like the present study. It has
been proposed that blood concentrations of acute phase proteins (e.gRE,
cytokines) can be measured to assess the time scale and severity of infection,
allowing corrective interpretation of blood tests for the APR during ilness;
however there would need to be standardised cubff points for each
nutritional application whi ch do not yet exist(Abraham et al. 2003; Bresnahan
et al. 2014) Future studies should aim to incorporate these corrective
measures to give more accurate context for findingsf the specific nutrients
affected by the APR.

5.4.3. Future work

The findings from this chapter have revealed some notable more critical areas
requiring further research within the scope of this PhD project, they include

the following:

- Researching the gtent of the issue surrounding inadequate vitamin D
provision in HPN patients and whether there is a detrimental effect on

patient bone health

- Investigating the stability of vitamin D in the multrcomponent
additives used to formulate HPN, to exclude anynknown potential
stability problems which may limit the true dose of vitamin D being
delivered to patients.

- 0AOA&I Oi ET-81 MM UGEA® &I O OAI AT EOI DPOAO
investigate whether patients are adequately prescribed sufficient doses
of selenium n their PN (from both multi-component and singular
additives) in line with their blood test results, and whether physical
stability regulations (per volume of PN feed) limit the dose some
patients require. Initial data collection and project familiarisation
showed selenium to be a welmanipulated micronutrient in PN.
Livingstone (2016) has explained the difficulty in getting a
micronutrient preparation to suit all HPN patient needs; varied patient
diagnoses may necessitate different micronutrient dosing

requirements e.g. from the degree of remaining bowel or remaining
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oral/enteral consumption. In the case of selenium, its absorption
occurs in the upper small intestine without homeostatic control where
more than 90% of dietary selenium is absorbed. This demonstrates the
importance for its correct provision to patients with variable lengths of
small intestine and the accurate determination ofheir requirements,
also in patients without SBS requiring HPN for not8BS diagnoses and

indications (Livingstone 2016).

Other recommendations for future work relating to this chapter but not to be

covered within the scope of this PhD project include:

- Prescribers should strive to treat out of range biochemistry results
wherever possible using upto-date evidencebased guiddines e.g.
correct vitamin D supplementation e.g. make sure clinicians follow the

vitamin D deficiency guideline.

- Undertake larger scale studies incorporating patients from more HPN
centres to create more generalisable results of a higher grade of
research value with the ability to produce welinformed findings. Also,
to incorporate more patients from each of the suBAOACI OEAO &1 O
DAOEI PEUOET 11T CEAAT Al AOOEZEAAOQCEITT6h O
Al O (0.88

- Perform intervention studies to establish the most appropriate doses
of micronutrients for inclusion in PN. These would ideally be
implemented from standardised protocol driven treatment guidelines
e.g. specific high dose vitamin D treatment for all patients found to have
25-hydroxyvitamin D levels below 50nmol/L, or a study comparing the
incidence of nutritional abnormalities with Additrace® vs. Nutryelt®.
Other ideas for intervention studies would be to further investigate
micronutrient stability in PN that is subjected to prolonged storage
conditions, as it has been proven that some vitamins degrade over time

once formulated in PN(Ferguson 2014)

- Perform a comparison study for nutritional abnormalities in HPN
patients by contrast to the general population. To address the quiesn:

- z A~

O$i1 1 OOOEOEITT Al AET AEAI EOOOU OAOO OAO
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there be unrecognised nutritional abnormalities in the general
population as well. For instance, it has kan suggested that much of the
UK and Scandinavia is deficient in vitamin D in the winter months due

to lack of sunlight exposurg(Pearce and Cheetham 2010)

In light of the gross number of manganese test results in excess; further
studies investigating the actual amount of manganese present as
contaminants in standard solutions, preparation materials and
prepared products would help to reveal more appropriate doses for

patients, a recommendation shared withHardy (2009).

Incorporate the use of more accurate biochemical monitoring
techniques for assessment of nutritional status. For example, a variety
of different samples can be used to assess selenium status (hair, nail,
selenoproteins, etc); at present serum selenium is still the favoured
measure but it is not known whether it is the mostaccurate or reliable
(Neve 2000; Thomson 2004) Also, it has recently been shown that
protein expression of copper enzymes (caeruloplasmin and superoxide
dismutase) are more sensitive than current sindard indicators for the
evaluation of copper status(Harvey and McArdle 2008; Olivares et al.
2008).

Propose revision of TE dosing guidelines and current TE formulations

So that:

- Separate products are aailable each of the individual TE, to

allow easier manipulation of individual patient requirements.

- Avariety of fixed dose micronutrient products are available for
use, as HPN population has considerably variable requirements.

Particularly for selenium and manganese components.

- PN products are labelled with maximum allowable contaminant
levels for TE known for contaminant issues i.e. aluminium,

chromium and manganese.

In the absence of new TE formulations, it would be useful to compare
the incidence of ndritional abnormalities in those given solely a fixed

dose TE preparation versus those who have already necessitated
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removal of the fixed dose compound preparation and require manual
manipulation of their TE dosing in PN i.e. demonstrate the clinical

impact of the problem with accurate TE dosing.

- Monitoring of nutritional status should encompass upto-date and best
practice biochemical nutritional detection techniqgues.Buchman et al.
(2009) eluded to this topic in relation to vitamins D and K at their
workshop. It is well accepted that HPN patient review should consider
the full clinical picture, not just review of the reported test results i.e.
whether there are concomitant symptoms; especially duringitiations
where the accuracy and reliability of blood test biochemistry may be

affected.

5.5. CONCLUSION

The current preparation Additrace® does not meet the dayto-day TE
requirements for LT use in PN patients; the preparations for vitamins,
Cernevit® and Solivito® have also shown themselves as unable to meet the
general requirements for these patients. The findings from this study are in
line with views held by other researchers in that the composition of the
products is responsible; suggesting review oftheir dosing is necessary
(Buchman d al. 2009; Btaiche et al. 2011; Vanek et al. 2012; NuARamos et
Al 8 ¢mpun %Wdustmdnt toAlcrenutgent plased in PN should be
guided by regular monitoring of micronutrient status. Yet while efforts should
be made to keep micronutrient dosing in HPN patients as individualised as
possible, the limited existence of compound preparations frustrates this
clinical practice. NST and clinicians need to be aware of the findings of this
study and its implications for their LT PN patients; partcularly the accurate
and reliable assessment of micronutrient status and subsequent dosing in PN.
For example, PN components should be monitored both on an individual basis
as well as for their effect upon each other, especially copper and zinc. In
conclusion, the study has helped to verify and validate suspected issues
associated with micronutrient dosing in LT HPN patients and outlined areas

requiring further research.
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6.1. INTRODUCTION

This chapter details investigations into the stability of vitamin D in mult
component PN additives. The rationale being that problems associated with
vitamin D stability within the PN admixture could interfere with provision of
the desired dose to patients (potential suboptimal dosing). Results in Chapter
4 revealed vitamin D as nutrient of notable clinical interest since many
DAOEAT 006 Al 1 éfidient@AdinSubicicdttitamid B status.

This section of the thesis aimed to:

- Perform a critical analysis of the literature pertaining to vitamin D

stability in PN

- Develop a stabilityindicating assay using High Performance Liquid
Chromatography (HPLQ to determine vitamin D stability in
i 61 OEAT I DI T AT O AAAEOCEOAO AT A OOOAT AAO.
- Propose evidencebased recommendations for future directions to

investigate vitamin D stability in PN
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6.2. BACKGROUND ANRATIONALE

In recent years there has ben growing interest in vitamin D and its relation to

bone health, especiallyith the re-emergence of rickets in some urban areas.

This is transferable to the HPN population where MBD is well documented and

the numerous contributing factors are still poorly understood (Shike et al.

1981; Pironi 2002; Derepas et al. 2013)It is feasible that the dose and stability

I £/ OEOCAI ET $ EITAI OAAA xEOEET DPAOEAT 006
factor. As previously mentioned in Chapter 4, the SACN have recently
increased the RNI for vitaminD to 10ug/day and it is possible the PN dose
recommendations are lagging behind, with consequential health problems for

LT PN patients.

6.2.1. General vitamin D stability

All vitamins are diverse compounds varying in their stability and susceptibility
to degradation by chemical or physical factor§Combs 2012) e.g. temperature,
light, storage. Assessment of stability and degradation usually involves
quantification of pure vitamin detection from formulation samples at various
time points. Stability testing aims to ensureand provide a guideline for
reassured product stability, bioavailability for the individual components and

final total formulation within a given time interval (Bakshi and Singh 2002)

Vitamin D has been reported to be slightly sensitive to temperature, humidity,
light and acidic conditions aswell as being very sensitive to oxygen and stable
to alkaline conditions (Shurson et al. 1996) The degree of sensitivity depends
on the final product form, conditions of manufacturing and storaggFrye
1994). Findings have been corroborated bilahmoodani et al(2017) in which
degradation studies were performed using HPLC method®verall, vitamin D
is stated to be less susceptible to oxidative losses than vitamin A, carotenoids
and vitamin E (Eitenmiller and Landen 2008). From a stability standpoint in
food/nutrition , vitamin D has been shown to be stable in fortified milk with
only slight losses when subject to light exposure, a loose indicator of stability
in PN admixtures (Renken and Warthensen 1993) With regards to

bioavailability, in a regular Gl diet, absorbed vitamin D is incorporated into
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chylomicrons following enterocyte uptake and transported by the lymphatic

system(Van den Berg 1997) It is assumed that during IV provision of vitamin

D in PN, itis also incorporated into chylomicrons and deliveretb fatty tissues

for storage.Less is known about the extent of bioavailability from individual

food sources other than greater uptake and efficacy of increasing serum

vitamin D levels is observed with the activated form of vitamin D over the

prohormone vitamin D (Van den Berg 19933 0 AOEADPO 0. BDAOEAT 00O
status would respond better to PN supplemented with additives containing

activated vitamin D rather than the current prohormone forms of vitamin D.

6.2.2. Vitamin D stability in PN

Few studies have investigated the stability of vitamin D in PN admixtures; of
those that have, none are recenfAllwood and Kearney(1998) acknowledged
the sparsity of knowledge surrounding the stability of wtamin D in PN
admixtures during storage. A study byGillis et al.(1983) documented a 32%
loss of vitamin D following a 24hour infusion of PN. Comparison of sample
concentrations at various sites within the infusion setup suggested that
vitamin D may bind to plastic found in bags and administration sets. However,
another study by Koo et al.(1986) reported no significant differences among
PN samples obtained immediately on preparation, before, and aftédre use of
an in-line filter at the end of a 24 hour infusion period. This finding goes
against those ofGillis et al.(1983); suggested reasons for the opposing results
are thought to relate to differences between deteadn of vitamin D via a
radiolabelled trace and standard vitamin D recovery methods, as well as
variable amounts of PN solution in contact with plastic tubing according to
variable infusion rates. Additionally, glass bottles were used for PN storage in
the study by Koo et al.(1986), whereas Gillis et al. (1983) used polyvinyl
chloride bags which may havénad greater adsorptive potential for vitamin D
on their surface. Similarly to the findings of Koo et al. (1986Dahl et al.(1986)
reported no bioavailable losses during simulated delivery within a fat
emulsion in an ethylene vinyl acetate (EVA) bag. A more recent study which
can help demonstrate the degradave effect of light and oxygen on vitamin D
storage in soybean oil (a component of fat emulsions) found that vitamin D

losses were 68% and 44% in light and serdark conditions respectively. This
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study by Hemery et al(2015) also suggested that the natural antioxidant effect
of vitamin E influenced the stability of the reported stability findings for

vitamin D.

A study byBlanco et al.(1994) determined an assay investigating vitamin D
amongst other fatsoluble vitamins in paediatric PN solutions. They
successfully separated all vitamins on a 1€ bonded phase column using
methanol as an eluent and UV detection at 265nm. The use of a narrow &or
column alongside a lower solvent flow rate (0.2mL/min) achieved lower
detection limits than ordinary HPLC columns. However, the publication did
note the requirement of a preconcentration step to determine vitamin D with
average recoveries stated as 9110%, as well as the implementation of a
complex sample clearup process involving centrifugation with hexane,
organic extraction, filtration and evaporation. Ultimately their study found the
degradation of vitamin D during light exposure to decrease from 9.2% to
64.7% between 10 and 24 hours pospreparation. This demonstrates the
fundamental sensitivity of vitamin D to light and other potential factors e.g.
other PN components, composition of admixtures, container and

administration materials.
The incondusive findings from these limited studies and paucity of research

findings do not exclude stability issues and/or degradation issues relating to

vitamin D as a potential occurrence in compounded PN admixtures.
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6.3. HIGH PERFORMANCELIQUID CHROMATOGRAPHY (HPLC)
INVESTIGATIONS INTOQ/ITAMIN D STABILITY

6.3.1. HPLC system

HPLC is a powerful separation method used to separate compounds in
solution. Compounds from an analytical sample partition between mobile and
stationary phase at different rates, elutig at different time points. Each
resolved compound is subsequently detected by a variety of detectofSnyder

et al. 1997), both the area and heighof the signal being proportional to the
quantity of analyte for detection(Meyer 2010).

Reverse phase HPLC (RRPLC) is a spcific form of HPLC in which a polar
agueous phase is passed through a packed bed of hydrophobic stationary
phase (i.e. a column) under pressurgSnyder et al. 1997) The more
hydrophobic compounds adsorb to the stationary phase and are eluted slower

than hydrophilic compounds(Ettre 1993).

6.3.1.1. Stabilityindicating HPLC

HPLC is used to indicate stability of compounds over various time points by
detecting deterioration in peak size and/or identification of degradation
compounds and impurities (Shah et al. 2012) RRHPLC with UV detection is
routinely used as the analytical method of choice fastability assessment for

specific analytes and drug compound&iu and Norwood 2007)

Drug regulatory and approval processes require full validation of stability
indicating methods to ensure reproducible monitoring of degradation
products (Smela 2005; Maggio et al. 2013)Broadly speaking, it encompasses
the following steps: i. sample generation, ii. method development &

optimisation, and iii. method validation (Blessy et al. 2014)
RP-HPLC determines the detection of fatsoluble vitamins by employing

organic mobile phase compositions to ensure they are solvent throughout

analysis. Organic solvents are often used in combination, their differing
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strengths of polaity optimise selectivity and control the separation of fat

soluble compounds(Dionex 2010).

HPLC methods employing UV detection are common amarticularly useful
for analytes containing unsaturated bonds or aromatic groups such as with

structurally complexfat-solublevitamins (Nollet 2000; Dionex2010; Cosmosil
2017).

Charged aerosol detection (CAD), is a relatively recent approach as a method
of HPLC analyte detection. It has established itself for the detecti@f fat-
soluble vitamins, lipids and lipid peroxidation products which lack a specific
chromophore and responsivity to UV absorptior{Cascone et al. 2006; Moreau
2006; Plante et al. 2011; Acworth and Kopaciewicz 2017)CAD detection
functions via nebulisation of nonvolatile compounds and appkation of
charge to the analyte. An electrometer then generates a signal correlating to

the concentration of analyte presen{Almeling et al. 2012)

CAD is known for its highly sensitive quantitative detection of compounds over
a broad dynamic range, covering at least four orders of magnitude with lower
limits of detection down to pA (pico-ampere) and fA (femto-ampere) (Plante

et al. 2011) CAD detection has proven itself as a reliable alternative to UV
detection for weakly UV active compands (e.g. vitamin D). Its advantages
include the universal detection of nonvolatile analytes, responses
independent of chemical properties, alongside simple and reliable means of
use(Gamache et al. 2005; Vehovec and Obreza 2010)

6.3.1.2.HPLC detection of vitamin D

Many HPLC assayare capable ofdetecting and assessg vitamin D in non-
complex samples(Kumar et al. 2015; Sigma Aldih 2016). Its detection in
serum plasma was commonplace with UV detection as the gold standard of
choice for activated vitamin D detection in adults for assessment of vitamin D
status (Jones 1978; Hollis and Frank 1985) Nowadays it is considered a
cumbersome asay and recent advances in liquid chromatography mass

spectrometry (LGMS) has facilitated easier and less timeonsuming
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detection of vitamin D without detection of complicating metabolitegHolick
2005; Guo et al. 2006)

HPLC methods have also been used to detectarntin D from complex multi
component sample mixtures, usually samples of fat and wateoluble
vitamins, down to sample concentrations of 0.25ug/mL(Dionex 2010;
Cosmosil 2017; Kucukkolbasi et al. 2013; Xinlei et al. 2015)

Fewer assays have been published which accurately and consistently
document the detection of wamin D from samples of PN admixturegAllwood
and Martin 2000; Skouroliakou et al. 2008; Ferguson 2014)Specific
difficulties include the development of a balanced assay that sufficiemtl
detects vitamin D amongst other nutritional components or that are capable
to detect vitamin D at its low RDA/RNI dose.

The literature has shown UV detection to be the most frequently employed
detection method to resolve vitamin D with the UV range 25@80nm,
alongside variable polar solvent aqueousmobile phase compositions HPLC
LCGMS wasalso demonstrated as a frequent method of detection but was
outside the scope of available equipment in our ladratory (Szczesniewski and
George 2009; Duan et al. 2010; Aurand and Cramer 2017)

HPLC has been used to detect vitamin D with CAD detectigRlante et al.
2010). It is primarily marketed for the analysis of lipidsand lipid components
(fatty acids, glycerides etc) but has also been shown to detect vitamin D from
complex nutrition lipid admixtures, yet not strictly PN (Plante et al. 2009) As
such CAD detection of vitamin D from PN admixtures has yet to bellyu

established.
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6.3.1.3. Inhouse HPLC systems

Laboratory investigations involving UV detection were carried out using a
Spectra System® from Thermo Finnigan (Thermo Scientific, West Palm Beach,
United States). The system included an SCM1000 vacuum memanie degasser,
P2000 gradient pump, AS3000 autosampler and UV1000 UV detector.

Subsequent laboratory investigation involving CAD detection were carried out
on an Ultimate 3000 RS system with CorofaVeo RS CAD detector (Thermo
Scientific, West Palm Beaclynited States).

6.3.1.4. Multicomponent vitamin preparations

Each vial of Cernevit contains an orangeyellow caked powder for
reconstitution to 5mL with water for injection (WFI). It contains
cholecalciferol 5.5mcg (2201U) along with other water andfat-soluble
vitamins. Whereas each vial of Vitlipid N Adu® holds 10mL of a milky
emulsion containing just fatsoluble vitamins, of interest, ergocalciferol 5mcg

(2001V). See AppendiwIll for the full formulations for each preparation

These multkcomponent vitamin preparations are intended for daily dose
administration directly into the PN formulation to meet the basal daily

requirements of LT PN patients.

6.3.1.5. Reference standards

Analytical grade standards of vitamin D were sourced from Sigmaldrich Co
Ltd (Heatherhouse Industrial Estate, Irvine, UKKA12 8NB.

- Cholecalciferol

- 01T xAAO | gngde) ( O, #

- Solution Img/mL (HPLC gradein ethanol)
- Ergocalciferol

o Powder (>98% HPLCgrade)
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6.4. Methods
6.4.1. Development of HPLC assay using UV detectionto detect vitamin D

in multicomponent preparations

To begin with, HPLC with UV detection was chosen to build upon existing
methods to develop an assay for the detection of vitamin D in the

multicomponent preparations Vitlipid N Adult® and Cernevi®.

It is worth noting that HPLC assay methods usually specify the form of vitamin
D for investigation (either ergocalciferol or cholecalciferol). However, experts
have noted the difficulty in separating retention peaks for thewo forms of
vitamin D because thecompounds are so structurally similar, as shown in
Figure 6.1(Henderson and Berry 2009; Plante et al. 2009However, this was
not an issue in these investigations as each multlomponent preparation only
contained a single form of vitamin D respectively; cholecalciferol (vitamin £
1pg/mL in Vitlipid N Adult® and ergocalciferol (vitamin ») 1.1pg/mL in

Cernevit®.

HO" HO™

Ergocaliciferol Cholecalciferol
(Vitamin D2) (Vitamin D3)

Figure 6.1: Chemical structures for Vitamin R and Ds.

Various assay methods were initially trialled to optimise vitamin D selectivity
and replicate the degree of detection state@Dionex 2010; Xinlei et al. 2015;
Sigma Aldrich 2016; Cosmosil 2017)Finally, the isocratic elution method used
in two application notes by Phenomenex was chosdor assay development to

identify vitamin D from the samples Cernevi? and Vitlipid N Adult® as they
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displayed the greatest detection of vitamin D from the sample solutions
(Phenomenex 2016a; Phenomenex 2016b)

Initial assay conditions were as follows:

Column: Chrompack OmniSphere 5 C18 150x3mm, 5um particle size (Varian,
Palo Alto, USA).
Mobile phase composition :
A: Acetonitrile 75%
B: Methanol 25%
Flow Rate:1.3mL/min
Column temperature : ambient room temperature
UV detection: 280 nm
Run-time: 15 minutes

Injection volume: 10uL

The method was adapted as follows:

- Establishing a runtime of 20 minutes to ensure all compounds eluted

from column.

- Increasing the injection volume to20uL and relative column load of
vitamin D (0.02ug Cernevi®, 0.011ug Vitlipid NAdult®).
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6.4.2. Development of HPLC assay usingcharged aerosol detection (CAD)

to detect vitamin D in multicomponent preparations

The introduction of the novel, more sensitive methoaf CAD detection within
the laboratory permitted a different averue to assay and detect vitamin D in
PN additives.

The method by Plante et al.(2009) was chosen for assay development to
undertake analysis of vitamin D in Cernevit and Vitlipid N Adult®. Their
method demonstrated good resolution of vitamin D at concentrationsof
30ppm in ethanol/BHA (butylated hydroxyanisole) for a mixed fatsoluble

vitamin standard solution.

Initial assay development commenced under the following parameter

conditions:

CAD Corona® parameters:

Gas 35 psi via nitrogen generator
Filter : Corona

Range: 500 pA

Nebulizer h eater: 30 °C

HPLC Parameters

Mobile phase composition :

A: Methanol/water/acetic acid (750:250:4)

B: Acetonitrile/methanol/tetrahydrofuran/acetic acid (500:375:125:4)
Gradient: 0z70% B to 46 min; 7&¢90% B to 60 min; 90% B to 65 min; 0% B
from 65.1 to 72 min

Flow rate : 0.8 mL/min

Run time: 72 min

HPLC Column Chrompack OmniSphere 5 C18 150x3mm, 5um particle size
(Varian, Palo Alto, USA)

Column Temperature : 40 °C

Sample Temperature : 10 °C

Injection Volume : 10 pL

The assay method was adapted as follows:
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Injection volume was increased tal0 pLto increase the relative column
load of vitamin D(4.4ng Vitlipid N Adult, 8ng Cernevit).

Sample temperature was increased to room temperature to avoid
potential precipitation, sedimentation or dissolution of sample

components within the formulation.

Gradient: 0270% B to 20 min; 7&100% B to 65 min; 100% B 6570
min; down to 0% B from 70.175 min. Gradient changes shown in Table
6.1.

Decreasing the time to get to 70% Bhereby increasing the gradient at
the start of the run so that the more soluble components of the sample

eluted quicker, minimising their co-elution on top of vitamin D.

Reduchg the gradient and increasinghe time to get from 70% B to
100% B, to space out all the resolved peaks within the area/region

where vitamin D was known to resolve.

| AAET C AE1 Aswith@00% @ &nd B O énduee All components
of the sample mixture had eluted from the column, particularly the lipid
components as these have been demonstrated to contaminate the

column and exhaust its analytical integrity(Majors 2003).

Table 6.1: The developed gradient elution method to resolve vitamin D using

CAD.
Time (minutes) A (%) B (%)
0 100 0
20 30 70
65 0 100
70 0 100
70.1 100 0
75 100 0
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6.4.3. Preparation of multi -component preparations

Each day, anew vial of Cernevi® was reconstituted with 5mL WFI. Vitlipid N

Adult® is a readymade oitin-water emulsion of 10mL in volume.
HPLC samples were prepared by filling lighprotective amber HPLC vials with

samples of Cernevi? or Vitlipid N Adult®. The sanples were kept away from

sunlight to prevent the potential effect of photedegradation of the vitamins.
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6.5. RESULTS
6.5.1. UV detection - Cernevit® and Vitlipid N Adult ®

Despite various efforts for method optimisation and successful identification
of vitamin D as a pharmaceutical standard, vitamin D could not be identified
from the compound preparations Cernevi? and Vitlipid N Adult® using UV
detection. Figure 6.2 gives an example, showing the total absence of a

detectable vitamin D peak by compariso to a spiked sample.

The main limitation associated with UV detection of vitamin D from the

samples was the ceelution of other components in the sample. Efforts to

spread out their elution times and reduce their subsequent effects on the
assumed vitaminD peak were unsuccessful. These efforts included reducing
the flow rate, increasing the run time and addition of a phosphate buffer to

help reduce tailing of the peak. Also, the isocratic mobile phase composition
was manipulated across various degrees ofpolarity with methanol,

tetrahydrofuran and acetonitrile.

Approximation of the point for vitamin D elution was performed by using

varying concentrations of vitamin D standards that were stronger than the

sample concentrations. However, the peak could nbe consistently identified

AT A APPAAOAA O1 Oi 1T O0A8 AAOxAAT OOAOANOAT «
affected by the concentration, suggesting other factors interfered with

consistency of vitamin D elution during repeat and successive runs. It was

ultimately concluded that the concentrations of vitamin D in the samples of

Cernevit® and Vitlipid N Adult® (5-5.5mcg/mL) were not strong enough to be

reproducibly detected by the UV detector, especially amongst other

components of the PN additives.

180



3000

2000

mAL

1000 —— Y S

Figure 6.2: A chromatogram of a pure sample of Cerne#it(black line)
overlaid with a chromatogram of Cernevi? spiked with extra vitamin D (red
line). The figure displays the absence of a detectable peak for vitamin D from
the pure Cernevi® sample using UV deiction (no corresponding black

vitamin D peak beneath the large red spiked vitamin D peak).

6.5.2. CAD detection - Cernevit®

Disappointingly, the adapted method described bylante et al.(2009) could

not detect vitamin D from reconstituted samples of Cerneit.

The peak corresponding to vitamin D could not be identified from the
chromatogram despite spiking samples of CerneV#t with up to ten times the
guantity of vitamin D contained in the multicomporent preparations. It was
thought to be due to vitamin D coming out of solution or partitioning into
ethanol. The potential resultant effect being that vitamin D could have been
missed when the injection volume was taken from the sample vial. Further
attempts to spike Cernevi® with vitamin D without using an ethanolbased
vitamin D standard were unsuccessful and resulted in immediate precipitation
of vitamin D. This identified a need for further sample preparation for
Cernevit® before any further investigaive HPLC work and attention was
turned towards Vitlipid N Adult® instead.
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6.5.3. CAD detection - Vitlipid N Adult @

6.5.3.1. Identification of vitamin D within assay

Vitamin D was successfully identified from samples of Vitlipid N Aduit see

below Figure 6.3.
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Figure 6.3: Two chromatograms displayed on top of each other, the top and

bottom chromatograms represent the unspiked and spiked samples of Vitlipid

respectively. The zoom frame shows the chromatograms overlaid upon each

other.

6.5.3.2. Quantification of/itamin D

The limit of detection (LOD) and limit of quantification (LOQ) have been

defined by Snyder et al. (1997) as:

LOD: $nal to noise (S/N) ratio of 3:1 or 2:1, being the smallest level of
analyteto givea measurable response (i.e. the lowest amount of analyte
in a sample that can be detected but not necessarily quantitated as an

exact value).

LOQ: A S/N ratio of 10:1, being the smallest concentration of analyte

that gives a response that can be accuratetjuantified.

Repeat HPLC runs gave reproducible peaks for vitamin D from Vitlipid N

Adult® with detection signals of 15pA and baseline noisd 1-1.5pA.
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The assay demonstrated that vitamin D could be repeatedly detected from the
multi -component preparation Vitlipid N Adult® but that it was already at its
LOQ; the concentration at which vitamin D could be accurately quantified from
the sample. An obvious issue since any further degradation studies would not
be accurately quantifiable beyond this limit. Furhermore, these results are
from concentrated samples of Vitlipid N Adul®, prior to its dilution in large
volume PN feeds. Increased dilution to clinically relevant levels would make it

impossible to detect vitamin D.
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6.6. DISCUSSION
6.6.1. General discussion

Vitamin D was only able to be identified and quantified from Cernevitwhen
using CAD detection, a method renowned for its sensitive detection
capabilities. This demonstrates the difficulty in detecting vitamin D across
both additives, especially as they have practically the same dose {5
5.5uglvial). The fact that the LOQ is equal to the undiluted clinical dose shows
that quantification in PN will not be possible with this assay and detection
systems described. Further modification of mobile phaseomposition, column
type or other minor method specifics are unlikely to result in improved
detection of vitamin D for this application. The study shows that present
methods have exhausted UV and CAD detection with the two most commonly
used compound PN vwamin preparations. CAD was supposed to have been a
more promising avenue due to its increased sensitivity, but was still unable to

achieve suitable detection.

Where the PN additives are complex mixtures of fat and watesoluble
vitamins, each compound ehibits different physicochemical characteristics
and retention times. Developing an assay to detect a single component
amongst other compounds is a challenging process, particularly in the present
instance where the low concentration of vitamin D amongsthe other
components complicates its detection. Similarly, the low concentration of
vitamin D in the samples of Cernevit and Vitlipid N Adult® required larger
than usual injection volumes to be put on the column in attempts to increase
its relative detection. However this has the result effect of increasing the
relative loads of other components in the preparation samples. The elution of
large compounds or compounds present at a higher concentration is known to
damage column integrity, potentially detrimentl for repeat stability

assessments and the data repeatabilitfSigma Aldrich 1999)
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6.6.2. Limitations and future recommendations

Previous studies assessing vitamin stability in PN have often excluded vitamin
D from their analysis, presumably due to its low concentration and poor
applicability to methods with reduced sensitivity, especially if its
concentration and detection is expeted to decrease in stability assessment
studies (Henton and Merritt 1990; Billion-Rey et al. 1993; Blanco et al. 1994)
The rational next steps for this area of research include the use of sample
cleanrup methods, such as solid phase extraction to reduce interference from
other components in the additives e.g. from fatty acids resulting from the lipid
emulsion, or other water/fat soluble vitamins; or so that samples spiked with
solvents do not have immiscibility problems. Another advantage of using solid
phase extraction is that it creates a more concentrated sample for analysis

once calculation of percentage analyte recovgras been performed.

Although CAD is considered a sensitive detection method, other detection
methods such as diode array or masspectroscopy are more sensitive because
they incorporate spectral information in peak identification (Vervoort et al.
2008; Vehovec and Obreza 20105imilarly, fluorescence detection is also able
to detect analytes with high sensitivity and a broad dynamic range, up to 100
times more than UV detectior(Swartz 2010). While CAD and MS detection are
known to be more sensitive than UV, they depend highly on the nature of the
analyte in question. These avenues should be considered for future studies
alongside other recommendations to produce a more concentrated initial
sample of the additive or PN containing vitamin D. They may be more likely to

result in successful degradation studies.

However, one wonders whether these proposed additional methods would
have a realistic positive benefit towards the research aims. Thenore
concentrated samples from the PN additives may result in a more identifiable
peak for quantifiable stability studies, but still may not result in sufficient
detection if the methods are used with realistic samples of large volume PN
admixtures containing the PN additives, particularly in the face of dilution

factors ranging from 200600 fold (e.g. 3L PN volumes).
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Still in light of the scarcity of research irthis area, this project has confirmed
OEA AEEEFEAOI OU ET O £&£E linkénrpaudd NOrgedtabled, x

even when using a newer and more sensitive detection method (CAD).

6.7. CONCLUSION

In response to few research findings relating to vitamin D stability in PN, the
present study design proved itself as a pertinent area for invéigation.
However little has been elucidated other than further establishing the
difficulty in detecting vitamin D within compound PN additives using HPLC
methods coupled with UV and CAD detection. As such, vitamin D stability
studies under the stated metlods cannot be performed on the preparations
Cernevit® and Vitlipid N Adult®.

Further studies investigating this area of research need to consider alternative

means of sample cleatup/preparation including purification, solid phase

extraction alongside moe accurate and sensitive means of HPLC detection e.g.

LCMS or diode array HPLC.
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7.1. INTRODUCTION

The extent of vitamin D deficiency and insufficiency was demonstrated in

Chapter 5 and subsequently this chapter concerns the assessment of metabolic

bone disease (MBD) in patients receiving LT PN. This will allow appreciation

and evaluation of the effeci £ ET AAANOAOA OEOAI ET $ OOAO

bone health.

7.1.1. Chapter aims

The specific aims relating to this chapter are as follows:

- To discover the number of patients from a HPN cohort categorised as
EAOET ¢ O1T 1T OI Al dh O OBABDP AN EARS ODADOONC
estimating the prevalence of bone disease in HPN patients

- Toinvestigate whether there is correlation between worsening of bone

health and duration of time receiving HPN

- To explore whether there are any trends relating to the di#frent

OOAOUDPAOG T &£# DAOGEAT O0O6 )& Al AOGOEEZEAAOQE

degree of bone disease classification in LT PN patients
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7.1.2. Background
7.1.2.1. Metabolic bone disease (MBD)

Patients with intestinal diseases are at risk of developing ibchemical
disturbance and osteoporosis due toGl malabsorption and malnutrition
(Nygaard et al.2016). Added to this, patients with severe intestinal failure
often require PN and there is believed to be a correlation between patients
who receive PN and worsening of their bone healtfShike et al. 1980) This is
based on the documentation of increased risk of developing MBIh
populations of IF patients receiving HPN; secondary osteoporosis being
frequently reported (Seidner and Licata 2000; Pironi 2002; Haderslev et al.
2004).

Osteoporosis has been succinctly described by the WHOQssystemic skeletal
disease characterized by low bone mass and mic@architectural deterioration

of bone tissue, with a consequent increase in bone fragility and susceptibility
to fracturesé (WHO 1994 p. 3, while MBD is defined as a series of bone
disorders that can present as osteomalacia, osteopenia, @steoporosis.
Osteomalacia is characterised by softening of bones from defective
mineralisation of calcium and phosphorus. Osteopenia and osteoporosis are
characterised by a porous trabecular bone network resulting in a reduction in
bone density and stremgth along with an increased risk of fracture(Seidner
2002; Pironi and Agostini 2015a) Osteoporosis $ characterised by a greater
loss of bone mineral density (BMD) than osteopenia, as reflected in bone

density measurements.

7.1.2.1.1. Pathogenesis of MBD in LT HPN patients

Epidemiological studies have shown that the pathogenesis for MBD in HPN
patients is multifactorial, a combination of both patient specific factors (e.qg.
age or postmenopausal status, underlying illness) and factors relating to HPN
therapy (Pironi and Agostini 2015a) A patientspecific example may be the
DAOEAT 08 O OdséistateiofisBS @sultng i@ poor absorption of fat

soluble vitamins (in particular vitamin D), or a PNrelated factor could be an
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under-effective PN regime& not providing enough calcium, phosphate or
vitamin D (Raman et al. 2006; Hamilton and Seidner 2008)

The underlying disease state has been shown to be the predominant
pathogenic role contributing to MBD and factors relating to HPN therapy have
been associated with both deterioration and improvement in bone health
(Foldes et al. 1990 Klein and Coburn 1991; Saitta et al. 1993; Coheolal et
al. 2003; Haderslev et al. 2004; Pironi et al. 2004)The results from these
longitudinal studies suggest that the variations in MBD of patients on LT HPN
AOA AOOT AEAOAA xaaddge abdmaking®RNDIE & He@efoiing O A @
IF. Other factors associated with PN provision are known to influence the
development of MBD; they include deficiencies of calcium, vitamin D and
phosphate as well as aluminium toxicity, acidosis, excess vitamin Rdaamino
acid solutions(Raman et al. 2006) The multifactorial nature of MBD in LT PN
patients is acknowledged, yet accelerated boriess has been reported during
HPN and raises concerns about the specific Rilated factors which may
contribute to the disease(Foldes et al. 1990; Klein and Coburn 1991; Verhage
et al. 1995)

In regard to the associationbetween aluminium toxicity and MBD Kruger et

al. (2013)demonstrated that there was higher aluminium content in the bones

of LT adult PN patients versus control patient§P<0.0001). It was suggested

that aluminium acts against bame formation by interfering with osteoblast
AAOEOEOU AT A OAAOGAAO 04( OAAOAOGET TN OEAO
bone disorders such as osteomalacia, osteoporosis and fractur@unstan et

al. 1984). Aluminium contamination of PN has been noted as a concern
(HernandezSanchez et al. 2013)yet cannot be investigated in this project as

aluminium levels are not recorded at C&V UHB nor are contaminant levels

recorded in AN components or admixtures in the UK, a hotly disputed topic of

late (Gura 2010).
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7.1.21.2. Diagnosis and monitoring of MBD

Monitoring of MBD relies on assessment of bone mineral density (BMD) using
Dual Energy Xray Absorptiometry (DEXA) scanning. This technology

ascertains the degree of bone demineralisation when patients start HPN and
its progression over the course of HPN therapy. It is regarded as the gold
standard for diagnosis of osteoporosis, and over the years this technique has
been paid the most attention in terms of technical development and biological
validation (Kanis and Gluer 2000) DEXA scanning also demonstrates good
long-term precision from stable calibration and manufacturer set quality

control procedures (Blake and Fogelman 2007)

In general, diagnosis and monitoring of MBD in HPN patiénrelies upon:

- Assessment of BMD performed at various bone sites in the body
(primarily the lumbar spine and/or femoral neck). It is usually
expressed in three ways:

- Bone density (g/cn®)

- T-score {the number of standard deviations above or below the
meanBMD valuefor a healthy 30-year-old adult of the same sex
and ethnicity as the patien}

- Z-score the number of standard deviations above or below the
mean BMD valuefor the patient's age, sex and ethnicity

- Measurement and interpretation of:
- blood serum concentrations and urinary excretion of minerals

- blood serum concentrations of vitamin D and parathyroid
hormone

- biochemical markers of bone turnover

The results generated from DEXA scanning are presented in the format of T
and Zscores becasethe normal values of adult BMD are highein men than

in women and because BMD decreases with age. Various studies have shown
that the risk of patients developing fractures increases with reduced BMD
(Marshall etal. 1996).

Classification of BMD was first based upon a report published by the WHO

which classified the severity of MBD based on the-3core value at the spine,
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hip or fore-arm, see Table 7.IWHO 1994). Application of operational ranges
(categorised intervals) were proposed by WHO to categorise the degree of loss
of bone density because BMD values are seen as a continuous risk factor where

no fracture threshold exists.

Table 7.1: The WHO classification system for diagnosing osteoporosis using

bone density measurementgWHO 1994).

Classification T-Score*
Normal -1.0 or greater
Low bone mass (osteopenia) Between-1.0 and-2.5
Osteoporosis -2.5 or less
Severe osteoporosigestablished -2.5 or less, and a fragility fracture
osteoporosis)

[* Units are standard deviations above (positive) or below (negative) the young adult mean value

Although the WHO classification was originally only intended for use in white
(caucasian)post-menopausal women; since its introduction, its use has been
universally extended to all individuals in general practice fomssessment of
fracture risk, diagnostic classification, andnitiation of treatment. Over the
years, this has been regarded aan unsubstantiated leap in its application.
Recently,Leslie et al.(2006) discussed the limitations for reporting BMD in
groups other than white postmenopausal females and proposed
recommendations to further validate BMD reporting in these groups i.e. the
use of populationspecific adjustmentswhere differences in fracture risk are
not explained by the risk prediction model developed for white post
menopausal female populations. An example being the use of thes@re
rather than the T-score for BMD reporting in females prior to the menopause
and in males younger than fifty. In the context of clinical practice, the 1994
WHO diagnostic criteria is still routinely used for BMD reporting in all

individuals despite only being intended for postmenopausal women.

In terms of sites at which diagnosis of osteoporosis should be made using
DEXAKanis (2002, p. 193) OOAOAA OEAO Oi AAOGOOAIT AT O AO

standard in terms of site, since it has the highest predictive value for hip
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interpretation using DEXA scanning helps to predicthe risk of all fractures
just as well as other techniques e.qg. fracture risk assessment tool (FRAQnis

et al. (1997) explained that DEXA accuracy at the hip exceeds 90%, with
residual errors arising for a variety of reasons such as overlying metal objects,
obesity, previous fracture, concurrent osteomalacia oosteoarthritis. Blake
and Fogelman(2007) also agree that measurementt the hip is the most
reliable site for predicting hip fracture risk. More attention is given to hip
fractures over other fractures because they incur the greatest morbidity and
associated medical costs for health servicé®olan and Torgerson 1998) Both
the review by Blake and Fogelman(2007) and a recent American position
statement by Siris et al.(2014) have utilised the same classification criterion
as the WHO fo diagnosing osteoporosis using ¥score of-2.5 or less from
DEXA scanning technology; they explained that measurement can be taken at
any of the following three sites, lumbar spine, femoral neck or total hifKanis
and Gluer 200). Additionally, a concise publication byMaghraoui (2012)
which explains how to clinically interpret a DEXA scan, suggests that the femur
(neck or total hip) is the optimum site for predicting risk of fracture, while the
spine is best reserved for instances when assessing response to treatment.
After review of these sources, it is considered mosippropriate to use the
DEXA scan results at thedaly sites of the hip (bothfemoral neck andtotal hip)

for our interpretation of research findings in this study in relation to
prevalence of MBD and the potential longitudinal effect of PN on MBD. Data
from other body sites will also be analysed and dis@sed where appropriate.
For instance, Blake and Fogelman(2007) explained how the spine is
considered the optimum site for follow up assessment because the treatment
changes are usually largest and the pcision error is as good or better than
that at most other sites(Blake et al. 1996; Faulkner 1998)

7.1.2.1.3. Guidelines for measurement of bone disease

The majority of patients who are deemed to be at risk of MBD are
recommendedin the ESPEN guidelines to have their BMD measured at annual
intervals (Staun et al. 2009) In some instances, the small proportion of

patients who present with low BMD when starting HPN may require more
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frequent monitoring of their BMD (six monthly intervals). This frequent need
for monitoring in the early stages of HPN therapy is demonstrated in a
guestionnaire-based study byWengler et al.(2006) where 64% of European
HPN centres measured BMibr all patients at least once or twice a year, they
concurred with Haderslev et al.(2004) that BMD monitoring should occur at

yearly intervals. Aside from the annual BMD monitoring recommendation to

use DEXA scanning for the assessment of the risk of fracture, diagnosis of MBD

and determination of treatment necessity, formal guidelines are lacking for
how to interpret change in BMD from DEXA scanover time, particularly with

reference to therapeutic treatments for bone disease.

7.1.2.1.4. Treatment of bone disease

Treatments aim to improve BMD and reduce the risk of fracture through
lifestyle and dietary modifications, treatment of underlying disease and
| DOEI EOAQCEIT T £ PAOEAT 060 OEOAI ET $
It is also important to ensure patients receive adequate calcium in their diet or
via supplementation. Sunyecz (2008) explained how the maintenance of
correct balance of calcium and vitamin D is the basis upon which other
osteoporosis treatments are commenced. With regards to PN, formulations
should at least maintain gpositive calcium balance in the patient to slow any

further bone loss(Hamilton and Seidner 2008)

Medications used to treat MBD includ€Pironi and Agostini 2015b; Compston
et al. 2017}

- Oral calcium supplementation (carbonate/citrate), e.g. 504.000mg

twice daily (e.g. Adcal, Calcichew)

- Oral vitamin D supplementation,either as combination with calcium

(e.g. Adcal D3) or alone (e.g. Fultium D3)
- Anti-resorptive medications:

- Bisphosphonates, either IV (e.g. yearly zoledronate or-@
monthly pamidronate) or oral (e.g. weekly alendronate or

monthly ibandronate).
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- Selective @strogen receptor modulators e.g. raloxifene, which
activate estrogenic receptors in bone, mimicking their bone

protective effects.

- Hormone replacement therapy e.g. oestrogen with/without

progestogens

- Calcitonin, which inhibits osteoclast function therebyslowing

bone resorption.

- Parathyroid hormone (PTH) analogues (e.g. teriparatide), which act as
anabolicagentson bone, indicated for postmenopausal women at high

risk of fracture.

When absorption of oral vitamin D from the Gl tract is insufficient as ith SBS
patients, an intramuscular (IM) vitamin D injection (ergocalciferol) can be
given to maintain normal serum 25hydroxyvitamin D concentrations (up to
every three months}8 , EEAXxEOAh EZAZ A DAOEAT 680 Al T
deficiency in calcium depite having maximal calcium allowance in their PN

regimen (4.5-11 mmol), a calcium infusion can be arranged.
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7.1.2.2. VitaminD and calcium

Vitamin D is first introduced and discussed within@hapter 4, Section 4.2.28
This includes its physiological role, optimal dosing as well as current opinion

and recommendations, especially in relation to bone health.

Ensuring adequate provision of calcium and vitamin D is of paramount
importance to ensure optimal patient nutritional status, reduce bone loss and
decrease the risk of bone fracturédRosen 2017a), see below Table 7.2 for dose

guidelines for prevention of osteoporosis.

Table 7.2: Recommended doses of calcium and vitamin D for the prevention
of osteoporosis (NIH Consensus Development Panel on Optimal Calcium
Intake 1994; Rosen 2017a)

Recommended dose of calcium and vitamin D per adult

category in the prevention of osteoporosis

Men and premenopausal women 1000mg/day
Calcium
Postmenopausal women 1200mg/day
Men < 70 years of age and pre
20ug (8001U)/day
menopausal women
Vitamin D
Men > 70 years of age and post
15ug (6001U)/day
menopausal women

Dosing recommendations fortreatment of osteoporosis differ to that of
prevention; although calcium recommendations remain the same, the vitamin
D recommendations depend on the classification of vitamin D status. See Table
7.3 for example treatment recommendations proposed by UHW.ifierences

in treatment recommendations can depend on local reference intervals and

opinion for vitamin D status as well as local formulation considerations.
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Table 7.3: Vitamin D dosing recommendations for the treatment of
osteoporosis as per C&V UH@atta and Stone 2016)

Vitamin D status Initial treatment dose Maintenance dose
Deficiency 50,000 units once weekly| 25,000 units every month
(<30 nmol/L) for six weeks.

OR OR

4,000 units daily for ten | 1,000 units daily.

weeks.

OR OR

300,000 units 300,000 units

intramuscularly, single intramuscularly once or

dose. twice per year.
Insufficiency Once deficiency state 25,000 units every month
(30-50 nmol/L) corrected, patients start | long-term.

from maintenance doses.| OR

1,000 units daily long
term.

OR

300,000 units
intramuscularly once or

twice per year.

7.1.3. Rationale

The prevalence of bone disease in patients receiving LT PN is an evident
problem. More information can be elucidated to the contribution of optimal
care for these patients by investigting the prevalence and degree to which
HPN populations are affected by MBD, particularly with reference to the
duration of time patients receive PN. For instance, there may be critical time

points for which patients require therapeutic intervention.
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7.2. METHODS
7.2.1. Research permissions

This study was conducted using the research permissions as described in
Chapter 2. All sixty participants recruited and maintained on LT HPN were

eligible for this section of research.
7.2.2. Study design

This study was performed as a retrospective crossectional database analysis
I £ AAOA EOT I DAOEAT OOG86 1100 OAAAT O AITTA
retrospective longitudinal methods for those patients with data from more

than one point in time.
7.2.3. Data collection and sample population

Data were collected from the medical records of consenting participants

recruited from the outpatient clinic at C&V UHB. Specifically, this was achieved

via manual data transcription of the results from bone DEXA scansofn the

ITTETA O#1 ETEAAT 01 OOAT 8 OUOOAI xEEAE OO0

Data for each investigation parameter were collected as follows:

- Prevalence of mtient bone classification status:data were collected
AOT I AAAE DAOOEAEDAITDEXGscan &4sOdpo1 OAAAT O
September 2016

- ,TTCEOOAET A1l AOOAOOI AT O T £ PAOEAT 006
from the date each participant was commenced on HPdp until 01
September 2016

Data collection was limited to the available medical records for the
participants. As an extra precaution to ensure all data was transcribed, data
collection required close collaboration with the Medical Physics department
AOG #06 5(" xEi EAIA AAAEOEIT Al OAAI OAO

unavailable through the onlineClinical Portal system.
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As already mentioned assessment of bone health using DEXA scans is
recommended atannual intervals for HPN patients, however in practice itan

be more irregular, often performed every couple of yeargStaun et al. 2009)
However, bone health review still occurs atelatively regular clinical intervals,
justifying its use as a parameter for investigationAlso, Blake and Fogelman
(2007) explained that clinical monitoring should not be more frequent than 1

2 years due to the limited repeat sensitivity of DEXA scanning, unnecessary
radiation exposure and to allow sufficient time between scans for their

accurate clinical interpretation.

7.2.4. Data handling, storage and analysis

Relevant data were manually transferred into a Microsoft Access database for
storage and handling, while data analysis was undertaken using Microsoft
Excel. Participants were anonymised and coded to maintain heir

confidentiality throughout.

4EA OAOOI 6O &OIi OEA DAOEAT OO6 $%8! OAA

O1 OOAT PAT EA8 10 O OOAI pi O1 OEAE AAAT OAET C
BMD (WHO 1994)

7.2.4.1. Data parameters

Results from DEXA scans at C8MHB give three results (BMD value, T score,

Z-score) for each body site scanned (AP spine, femoral neck, total hip). While

results from this study show the DEXA scores across all three body sites, the

results from the femoral neck and total hip have beenhosen to indicate

overall opinion for prevalence of MBD, bone health findings and bone status.
Rationale being that results from the hip are considered optimal for predicting

risk of fracture. Results from the AP spine (anterioposterior spine) are also

sEl xT &£ O EI OAOPOAOGAOGEITT 1T &£/ AiTA EAAI OE

receiving PN.

Since DEXA Tcores are the results used for diagnosis of MBD, they were

chosen in this study to demonstrate the prevalence of bone disease in the PN
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cohort according to their most recent DEXA scan. Whereas, the DEXAcore

results were used for data analysis involving longitudinal assessment of bone
AEOAAOCA 1 OAO OEIi A AAAAOOA EO EO OAI AOEOA
ethnicity. Also clinical interpretation of Z-scores are often used for identifying

secondary causes of osteoporosis i.e. secondary to LT PN provision
(Swaminathan et al. 2009; Sheu and Diamond 2016)Similarly, other

longitudinal bone health studies have chosen the-gcore over the Fscore, the

rationale being that it acts as a relative indicatoof the score in relation to the

individual over time, irrespective of the score for a healthy young adult
(CohenSolal et al. 2003; Wren et al. 2014; Poinsot et al. 2017)

Data was included for analysis in longitudinal assessment if patients had been
receiving PN for at least three months, a reasonable clinical intervad LT PN
(Parrish 2014). This ensured a time interval beyond which PN could be
considered to contribute to the state of patients BID and bone health,
amongst the other factors which are known to affect bone health e.g. age and

SexX.

7.2.4.2. Data analysis

Descriptive statistics were used to analyse the data:
- Prevalence of patient bone status:

o Number and percentage of patients withapplicable data,
categorised according to most recent -Bcore WHO

classification.
- Longitudinal assessment of bone status:

o Number and percentage of patients with applicable data from
multiple points in time, categorised according to Z&core WHO

classification.

Prevalence data were also crosslassified with individual patient data relating
to their pathophysiological classification for IF according to the ESPEN
classification system (Pironi et al. 2015). Findings are presented asthe
number of patients with applicable data, categorised according to most recent

T-score WHO classification.
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7.3. RESULTS

Of the sixty participants digible for inclusion within this section of research,
fifty -three patients had recorded DEXA scans performed by C&V UHB.

7.3.1. Prevalence of bone disease

The following results in Figure 7.1 present the bone status of all patients with

applicable data on LT PN according to their most recent DEXA scan.

35 31
29 (60.78%)
20 os (58%)
(49.02%)
25
17
20 (33.33%) 14
15 (28%) 10 10
9
" (17.65%) 7 (19.61%) (19.61%)
(14%)
5
0
AP spine Femoral neck Total hip
Normal (n=51) Osteopenia (n=50) m Osteoporosis (n=51)

Figure7.1:! Al OOOAOAA AT10i1T AEAOO O OEI x OE.
most recent DEXA scan redis (T-score) at three sites (AP spine, femoral neck
and total hip), as classified by the WHO definition for osteopenia and

osteoporosis.
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7.3.2. Longitudinal progression of bone disease

"AlTx AOA OEA OAOOI 6O O OEix OEA DOICO
displayed by their DEXA scan results at three different sites (AP spine, femoral

neck, total hip).

The net difference between first and second DEXA scans (where data exists
per patient, since starting HPN) is shown in Table 7.4. Then for those patients
with additional applicable data, the net difference between the second and
third DEXA scans are shown in Table 7.5.

Loss of BMD is indicated in DEXA scan results by a reduction ietBMD value
between successive DEXA scans. Correspondingly T andcdres will also
reduce, or get more negative between DEXA scans when there is loss of BMD.
T and Zscores span both positive and negative decimal numbers, usually
between the range +3 ta3. When the net difference between successive DEXA
scans is calculated, a net negative value indicates an improvement in BMD and
a net positive indicates a worsening of BMD. As such, the range shows the
extremes observed between improvement (a negative vaé) and worsening

(a positive value) of BMD and &cores.

Standard deviation values have not been included because technically the
scores produced from BMD DEXA scan results are standard deviation values

themselves.

Table 7.4: Net difference between DEXA and DEXA 2 (since starting HPN),
(n=30).

Net difference between 1st and 2nd DEXA scores
AP spine Femoral neck Total hip
BMD Z score BMD Z score BMD Z score
Range -%.11?;61Z 1.371 '%'.1117212 1715 -%.112? 1.271.4
Mean | -0.0072 | -0.133 | 0.0168 | 0.0367 | 0.0205 | 0.0733
Median | 0.0015 -0.1 0.007 0 0.0195 0
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Table 7.5: Net difference between DEXA 2 and DEXA 3 (since starting HPN),
(n=14).

Net difference between 2nd and 3rd DEXA scores
AP spine Femoral neck Total hip
BMD Zscore BMD Z score BMD | Z score
Range _%_017022 115208 '%_012152 0471 '%‘_015(35 '01'_5;
Mean -0.00086 | -0.157 0.0265 0.157 0.0249 0.15
Median -0.0085 -0.15 0.016 0.05 0.0085 0

The net difference between first and last recordedEXA scan results (where
data exists per patient, since starting HPN) are presented to show longitudinal

progression of bone disease from a different standpoint, see Table 7.6 below.

Table 7.6: Net difference between the first DEXA (since starting HPN) dn
latest recorded DEXA (at point of data collection), (n=30).

Net difference Bt DEXA scan (since starting HPN) and lates|
recorded DEXA scan (at point of data collection)
AP spine Femoral neck Total hip
BMD | Zscore| BMD Z score BMD | Z score
Mean -0.0102 | -0.297 | 0.0308 0.06 0.0367 | 0.123
Median 0.003 -0.3 0.023 -0.05 0.022 0
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7.3.3. Bone status classification according to IF disease classification

Table 7.7: Number ofpatients classified according to bone status (Bcore) at
each bone site (AP spine, femoral neck, total hip) and further stdategorised

to IF pathophysiological classification.

I Num. of WHO bone AFI?One ngg. SCOr'(la'zjtal
pathophysiological : health . .
classification patients classfication spine neck hip
(n=51) | (n=50) | (n=51)
. Normal 1 1 1
E;(\tigsé\ilsej::” 3 Osteopenic 0 1 1
Osteoporotic 2 1 1
Normal 1 1 4
Intestinal fistula 4 Osteopenic 2 2 0
Osteoporotic 1 1 0
: Normal 2 0 0
glf;sntg;;lty 6 Osteopenig 4 6 6
Osteoporotic 0 0 0
: Normal 1 1 1
ZAbZi?jC::gil 3 Osteopenic 2 0 1
Osteoporotic 0 2 1
Normal 12 4 5
Short bowel 35 Osteopenic 17 20 22
Osteoporotic 6 10 8
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7.4. DISCUSSION
7.4.1. General discussion

Figure 7.1 shows that 58% and 60.78% of patients have osteopenia
characterisedby the onset of bone disease at the sites of the femoral neck and
total hip, respectively; alongside the presentation of osteoporosis in 28%nd
19.61% of patients at the same respective sites. Thus constituting a concrete
finding that patients with IF receiving PN have bone health emorbidities.
These findings are in keeping with the study performed byPironi (2002)
which demonstrated similar distributions of MBD from T-scores in a large
cohort of 284 participants; 43% of osteopenia and 41% of osteoporosis.
However, these results were interpreted from an osteopenic or osteoporotic
result at any of three sites (femoral neck, lumbar spine and total body);
fortunately the results can still be paralleled to our findingsas the authors
stated that the T-score values did not differ between sites of DEXA

measurement.

However the extent to which duration of time receiving PN contributes to
adverse bone health is demonstrated separatelyn Table 7.4 the Zscores

show an initial average loss of 0.0367 (femoral neck) and 0.0733 (total hip)
between the first and second DEXA scanm since starting PN (n=30) i.e. a
worsening of bone health. For those patients with applicable data for a third
DEXA scan, this value then increases tiseeen the subsequent DEXA scans
(0.157, 0.15, femoral neck and total hip, respectively), demonstrating a

marginally greater reduction in bone score and loss of BMD.

Table 7.6 shows the longitudinal effect of PN administration on bone health
from a different perspective, the net difference between first and last DEXA
scans (n=30). One would have expected to observe a greater loss in nastcdre
here, yet unexpectedly the losses are less than those seen in Tables 7.4 and 7.5.
A potential reason for this findng is that although the intention of this table
was to show greater bone loss over longer periods of time, the actual data set
still included data from those with a limited number of DEXA scan results over
smaller time periods i.e. some patients still ol had a couple of applicable
DEXA scan results. Interestingly, whereas the net difference irs€ores across
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Tables 7.47.6 at sites corresponding to the hip (femoral neck, total hip)
demonstrate worsening of BMD, the data demonstrates an improvement in
BMD at the site of the spine, the site considered optimal for followp

assessment of bone health in relation to treatmentFaulkner 1998).

A demonstrable finding across Tables 7-4.6 is the wide range between the
minimum and maximum values for net difference between DEXA scans,
showing that there were both dramatic improvements and deteriorations in
bone health between successive scans in sorpatients. Perhaps a reflection
of opposing core factors, the successful pharmacologic treatment of
osteoporosis with both medicines such as bisphosphonates or the provision of
optimal supplementation with calcium and vitamin D; while an opposing
factor would be the potential harmful effect of IF and LT PN on bone health.
Another observation from these tables is the variable differences between
mean and median values for the net differences in DEXA-sgores;
demonstrating an asymmetrical data set where larg differences exist in the
longitudinal degree of loss of bone density i.e. the middle data value is at times

further away from the mean value.

Generally our findings from the longitudinal analyses are in agreement with
Raman et al.(2006) who noted a negative association between BMD and
duration of HPN. However other longitudinal studies ha® showed that this is
not always the casgFoldes et al. 1990; Klein and Coburn 1991, Saitta et al.
1993; CohenSolal et al. 2003; Haderslev et al. 2004; Pironi et al. 2004)
providing further support to the variable nature of cortributing factors to
MBD (e.g. age and sex at starting HPN) and the small extent/degree of net
change in bone scores observed in our results. The median values of zero for
femoral neck and total hip in Table 7.4 also demonstrate the mighnge

O A O A O AtQrd &t dhe reshilts. It is possible that bone loss may not be as
pronounced as once thought for patients on LT nutritive supportSeidner
(2002) suggested that the underlying illness itself may be the main driving
factor contributing to MBD. In any case, the onset and progression of MBD in
LT PN patientsshould still be considered multifactorial, not limited to the

impact of LT PN administration. The results from Tables 7.4 and 7.5 also
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suggest that there was negligible difference between successive DEXA scans
(and hence longer time periods receiving PNas demonstrated by similar
mean values for net difference in Zcores at the hip i.e. bone health
consistently worsened over time without dramatic differences in loss of BMD

between scans.

The results are not profound and reflect the multitude of factorsnvolved in
the homeostasis of bone health in LT PN patients. For example, the efforts to
pharmacologically improve bone health, supplement patients with
calcium/vitamin D (oral/PN), negative implications of PN on bone health as

well as established patientfactors known to result in bone loss such as

advanced age, sex and menopausal status. For example, Chapter 2 presented

the average age of HPN patients to be 58.10 (+13.78) which is the likely age for
onset of bone health problems, along with an average e@f 57.18 (+14.72) in
women alone during which time the likelihood of being peri or post
menopausal is known to affect their BMD. Therefore our findings are
conflicted in the same way asladerslev et al(2003) in that the true extent of
MBD during HPN is unknown because it can present or develop before patients

commence HPN.

Regarding the DEXA scan results once they had been further stdtegorised

s N oA s o~ s s oA

AAAT OAET ¢ Oi OEA DPAOOEAEDPAT OddtiodbrAAOlI UET

IF; it was difficult to gauge meaningful findings from the results displayed in
Table 7.7. A greater quantity of data would be required to assemble
conclusions from all the subcategories. However, the sutA AOACT OU
AT x A1 & ET Adm®3@3 dades ahddadbelobserves that a greater degree of
scan results were osteopenic and osteoporotic at the hip (femoral neck/total
hip) by comparison to the AP spine which showed a greater proportion of
O1T 1 O0Ii A1 8 ATTA AAT OEOU y@ddiithe theb® thdt IGsS 8
of bowel length results in loss of absorption and physiological function of the
gut, especially in its regulation of factors relating to bone homeostasis e.qg.
calcium and vitamin D absorption. The pathogenesis is thought tolege to a
chronic inflammatory condition characterised by increasing concentrations of

pro-inflammatory cytokines (e.g. TNF| h -6)) which stimulate osteoclast
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activity to contribute to low BMD (Hise et al. 2008) Similarly n-6 fatty acids

wit hin lipid emulsions could initiate the inflammatory response.

The effectiveness of bisphosphonate treatment on improving bone health is
well established for the secondary prevention of osteoporotic fractures and
the improvement of BMD (NICE 2012; SIGN 2015) Successful treatment
response is signified by a BMD value that is stable or improvéRosen 2017b)
Deemed a positive health outcome measure for patient bone health, but a
complication for research investigating the adverse effect of LT PN on bone
health when nearly all patients receive treatments to improve their bone
health/BMD.

A relatively recent clinical consideration has been the continuous
overtreatment with bisphosphonates in general practic§Adler et al. 2016). It

is now recommended that those receiving alendronate or risedronate fdive

years, or zoledronate (once yearly IV) fothree UAAOOh xEOE OOOAAIT Ac
no previous vertebral fractures or low risk of future fractures, should

discontinue bisphosphonate therapy(Rosen 2017b) otherwise known as a
OAEODPEI OPEI T AOA ET1EAAUS8 2A0EITT AT A AAEI]
beyond these time scales and patients are subjected to more risk than benefit.

Perhaps this should be a conderation for longstanding LT PN patients on
bisphosphonate therapy who display worsening of bone DEXA scores. It has

been noted however that there are few data to guide decisions regarding
bisphosphonate treatment duration and the subsequent bisphosphonat

holiday, basis is deemed to rely on clinical interpretation of BMD results and

individual risk factors. Two years is usually seen as sufficient for the break

period when patients demonstrated 5% bone loss over this timeg(Watts and

Diab 2010).

An easily overlooked yet potential contributory factor to worsening of bone
density scores is the intense drive to supplement patients with high doses of
vitamin D, which may have resulted in the net resorption of bone if patients

showed biochemical signs of hypercalcaemi@ones 2008; Tebben et al. 2016)

208



7.4.2. Limitations

There were some elementary limitations associated with this study. For
example, the limited quantity of datafrom the C&V UHB cohort meant that it
was difficult to design a study which incorporated all of the desired data
parameters e.g. the effect of vitamin D on DEXA results, or a year on year
observation of effect of LT PN on bone health. These factors woulcve
required consistent and regular intervals for patients to have started PN, had
each of their DEXA scans performed and vitamin D status measured; hence the
methods employed in this chapter involved calculation of the net difference
from preceding DEXA sans for each patient regardless of year or point in time.
Similarly, more participants were expected to have had DEXA scans
performed, showing a potential decline from clinical practice
recommendations as some had no BMD results. Other than unintentional
omission, reasons for their oversight could relate to the unnecessary clinical
need for some patients to have scans performed e.g. young age, absence of risk
factors or a projected limited duration of time on PN (possurgery, bowel

recovery period).

With hindsight, this was a difficult study to pursue with such a limited

population and quantity of data from variable dates in time. Hence the decision

to undertake the longitudinal analyses in the manner observed with relative

difference from the first DEXAscore. For instance, initially a fiveyear time

ET OAOOAT xAO POI BT OAA AOO TT1 U Ated Ei EOAA
the five-year criterion. Another consideration is that DEXA scans performed

shortly after the 3-month window of patients beingon PN may not show as

great a reflection for the contribution of the effect of PN administration on

bone health by comparison to longer time scales since commencement of PN.

Although DEXA scanning is welkkstablished in the diagnosis and treatment of
osteoporosis, Blake and Fogelman(2007) have explained that its use in
monitoring BMD over time is more controversial due to its limited repeat
sensitivity, a consideration to bear in mind with the findings fom our

longitudinal analyses. The DEXA technique itself has its own limitations
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associated with its measurement of BMD. The scores produced do not give an
absolute risk of fracture, but a relative risk of fracture; providing information
only on the quantty of bone, not its quality (Maghraoui 2012). Other
limitations in its measurement include the sensitivity to error with variable
soft tissue composition (e.g. fat vs. lean tissue) and inhamt limitations in
longitudinal reassessment of bone densityWells 2009). However, DEXA
scanning is still considered the current best indicative method for
measurement of bone density and diagnosisf@steoporosis.Lu et al.(2001)
performed a study examining differing criteria for osteoporosis and
application the WHO criteria. They found that only 25% of patients were
consistently diagnosed across all the BMD variables and recommended the
inclusion of risk based inbrmation in diagnostic criteria because its inclusion
resulted in consistent diagnoses in 68% of cases. &lpresentstudy has shown
that interpretation of DEXA scans themselves can be somewhat inconsistent
with potential under or over diagnosis; future studies should attempt to
include further risk assessments across multiple body sites to give more

accurate diagnoses of MBD.

Another complication owing to data collection was that some patients had
their DEXA scans performed with different health boards anthe results not
recorded on the C&V UHB system. Although attempts were made to collect all

data from known sites, some may have evaded collection.

7.4.3. Recommendations and future work

Future studies should include a design format that will allow clear
interpretation of the contribution of LT PN to the adverse onset and
development of MBD. For instance, studies incorporating greater numbers of
patients from more HPN centres would contribute more data for analysis with
more generalisable findings. Particlarly alongside more control over data
parameters such as DEXA scan time points in relation to the year performed
or the date of PN commencement. Or further still, controlled intervention or
comparison studies involving segregation or suftlassification of patients
according to their sex, age and pharmacological interventions elgng-term

bisphosphonate or steroid treatments which are known to contribute to
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adverse bone health. However, a foreseeable complication is the vastly
differential practices in relation to treatment and management of patients
with MBD, as evidenced by a questionnaire based study across multiple HPN

centres (Pironi et al. 2017).

Further studies in this area may benefit from the implementation of fracture
risk assessment tools to hkp diagnosis of osteoporosis, identify risk of
fracture, treat secondary prevention of bone fractures and aid treatment
decisions, validated measures include FRAX or QFract@éICE 2012; SIGN
2015).

It would be of benefit in future studies to incorporate evidence of vitamin D
deficiency in relation to DEXA results, the exact design of this sort of study
would be complicated, relying on DEXA scans being taken within timely
relation to tests for vitamin D status. Perhaps a more beficial study would
be the comparison of those patients with longstanding inadequate vitamin D
status (despite efforts to optimise their status) against those patients with
adequate vitamin D status. Furthermore, inclusion of other factors known to
play arole in skeletal remodelling e.g. PTH, magnesium, phosphorus, may be
of similar research benefit. A study performed byWozniak et al. (2015)
implemented a design to correlate vitamin D status and bone health in patients
on PN for longer than six months and a vitamin D level performed with this
time. They noted a trend for greater risk of osteopenia in children with sub
optimal vitamin D status, similar studies of this design may be of value in

future research.

A study that would be of considerable interest would be a direct PN
intervention study involving comparison of vitamin D and bone health DEXA
data from patients receiving LT PN, againghose in the general population

(not receiving PN). Full appreciation for the effect of LT PN could then be
gleaned against the multitude of factors which contribute to the development

of MBD affecting both populations.
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7.5. CONCLUSION

MBD is an apparehand challenging complication observed in LT PN patients.
Our study has further demonstrated the prevalence of MBD and loss of bone
density in HPN patients from both a crossectional and longitudinal
perspective. Nevertheless, there is still great scopfr further research to
clearly clarify the factors which contribute to its onset and development in LT
PN patients, particularly in the context of its pathogenesis over time and the
effects of successful treatment on BMD. Future studies should incorporate
casecontrol and intervention style study design to establish and quantify the
contribution of factors known to influence MBD e.g. age, sex, menopausal
status, micronutrient status and any concomitant treatment e.g.
bisphosphonates, corticosteroids, diuréics, anticoagulantsas well asinitial
diagnoses/conditions/treatment factors (such as bone status prior to
initiation of HPN).
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8.1. INTRODUCTION

This chapter follows on from Chapter 5 after the extent of abnormal blood test
results were demonstrated for TE in LT HPNMatients, in particular, excesses
of manganese and deficiencies of selenium. This section of research
investigates the suitability of the compound TE preparation Additracefor LT
HPN patients and attempts to ascertain further reasons for the occurrence of
out-of-range blood tests. Additionally, this section also intends to identify
situations where the stability of the PN formulation may limit the provision of
TE to patients, so as to be able to investigate whether stability dosing limits
could potentially result in nutritional deficiency states. The chapter aims to
explore optimal dosing requirements for micronutrients in LT PN, using
correlation of previous micronutrient doses in PN with subsequent

biochemistry blood test results.

8.1.1. Chapter objectiv es

- Todetermine and assess the suitability of Additracefor the population

of patients maintained on LT HPN

- To correlate/consider patients PN prescription data with their

subsequent blood test results
- To quantify the extent of supplemental TE dosing in LHPN patients

- To suggest/consider the implication of PN physical stability dosing
limitations as a contributing factor to the occurrence of deficient blood

test results

- To perform comparative analyses (in terms of TE dosing and blood test
results) on the kasis of whether patients had been receiving Additrace

and/or extra TE supplementation
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8.1.2. Rationale

The findings of the study performed in Chapter Showed anotable skew of TE
ATTT A OAOGO OAOGOI 6O AxAU E£OI I, padicukarlyOT T O Al

for deficiencies of selenium and excesses of manganese.

The following study was proposed as a way of evaluating the suitability of the
compound preparation Additrace ET | AAOET C TB requiteméds AT 006
whilst also evaluating the service providel by C&V UHB in terms ofmeeting
PAOEAT 0O 4% AT OET ¢ TAAAOh AU OAEAOAT AA

of nutritional status (See Chapter 4, section 4.1. for Additrace composition).

O

During instances when Additrac® is judged to not be clinically sitable, or if
patients require additional TE supplementation, there exists individual TE
preparations to aseptic manipulation in PN for copper, selenium, iron and zinc.
Iron is not monitored directly from blood serum samples at C&V UHB because
assessmentof iron status relies upon the more complex interpretation of
haemoglobin and blood/cell stores alongside the presence of any symptoms
relating to iron deficiency or toxicity. As such, the present study can only
evaluate doses of copper, manganese, selemuwand zinc in relation to blood
test results, since the other TE in Additrac® (chromium, fluoride, iodine,
molybdenum) are not assayed in blood tests by C&V UHB, nor do separate
ET AEOEAOAI EOAA POADPAOAOGEITT O AGEOOGES8 O0AOQOEA

manganese status, but no separate preparation exists for supplementation.

Similarly, vitamins were not chosen for evaluation in this chapter because
their findings in Chapter 5 did not display trends in nutritional abnormalities,
also no separate prodets exist for their individualised supplementation
outside of the compound preparations Cernevit or Vitlipid N Adult®, (aside
from folic acid injection). Another factor worth noting is that some vitamins
e.g. vitamins A, D (oral/IM) and E are extensivelsupplemented outside of PN
in an effort to further supplement patients presenting with nutritional
deficiencies who are already receiving the compound vitamin preparations in
their PN.
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As one may observe, the wellocumented PN prescription data best sems
itself towards evaluation of the TEs copper, selenium and zinc (via Additrate
and/or extra supplemental) which is not feasible nor reliable for the other
vitamin components of PN. These also happen to be the more clinically

relevant TE for consideration when monitoring patients in clinic.
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8.2 METHODS
8.2.1. Research ethics, permissions and approvals

For this final research chapter, ethical approval was sought and granted by
Cardiff School of Pharmacy and Pharmaceutical Sciences. NHS Research and
Development (R&D) permission was granted by C&V UHB as a service
evaluation as of 18/10/2016 (see appendixVIl for signed approval of SE

application).
8.2.2. Study design
8.2.2.1. Data collection and study population

The study was performed as a retrospective longitudinal database analis to
investigate the occurrenceof micronutrient abnormalities experiencedby the
population of patients maintained on LT HPN(in relation to their PN
prescription) from data held with C&V UHB betweeiay 2014 and May 2017
3SDAAEZEAAT T Uh ET OAlI AGEITT O1I OEA AT OGAO
up to the blood test eents, and whether the results were classified as deficient,

in range or in excess (toxic) as depicted by the local C&V UHB reference limits.
8.2.2.2. Data handling, storage and analysis

Data security and patient confidentiality was maintained using the sae
processes of anonymization and data handling as outlined iChapter 2
(Section 2.4).

During data collection, the anonymised and coded data were transferred into

an excel database.

8.2.2.2.1. Data parameters

Data was collected on the following:

- PNprescription records in use as of 01 May 2014, through to the end of
May 2017. The data included the prescription dates, volume of feeds,
inclusion of Additrace® (Y/N) and TE doses (Cu, Se, Zn).

- Micronutrient blood test results recorded between May 2014 ad May
2017
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The doses of micronutrients included in patients PN were correlated with the
resultant micronutrient biochemistry blood tests (which give an indication of
patient micronutrient status). Prescription data was matched with blood test
data providing that patients had been receiving the PN prescription for at least
three months. This time interval was chosen to allow sufficient time for the
dose of micronutrient in patients PN to accurately correspond to total body
stores and representation of nutritonal status, in light of any recent
micronutrient or dose-volume adjustments. The threemonth window is
standardly used as a suitable monitoring time window to check patients
response to TE dosing revisions, particularly after dose increases in light of
deficient test results(Parrish 2014).

8.2.2.2.2. Method of analysis

Successfully matched data were separated into four categosieas shown in
Table 8.1. The categories were based upon whether the micronutrient
preparation Additrace was included and/or extra selenium was supplemented
into the PN.

Table 8.1: Categories 14 to which the matched paired data were assigned.

Category Additrace Extra TE
C1 Yes Yes
C2 Yes No
C3 No Yes
C4 No No

The blood tests results arising from the data pairing in each of the four

categories were analysed using descriptive statistics as follows:

- To show the total number (and percentage) of recordecdhicronutrient
blood tests that were deficient, in range and in excess. In so doing,
identify trends or themes in micronutrient abnormalities and dosing

correlations occurring for each category.

- The average dose for TE provided in PN per data category (C#)
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- The dose of TE included within the PN admixture as a percentage of the
maximum permitted for the volume of the feed. To allow interpretation
of whether volume of the PN feed limits the dose of selenium given to

patients.

The collected data was used toalculate the extra doses of TE given outside of
Additrace®, where applicable; and also to calculate the maximum dose of TE
per volume of feed, allowing the actual total TE dose as a percentage of the
maximum allowance. The maximum dose of micronutrientermitted per
volume of PN feed are given inrable 8.2. Where a patients PN regimen
instructed a combination ofboth aqueous and lipid feeds or a combination of
two different feeds (e.g. of different volumes or containing different TE doses),
the TE dosesand % of maximum permitted doses across the feeds were
averaged according to the ratios of different feeds. For instance, 3 agqueous and
2 lipid feeds per week >>> [dose A x (3/5) + dose B x (2/5)]/5.

Table 8.2: Maximum dose of micronutrients (Cu/Se/Zn) pemitted per litre

volume of PN feed.

TE Max. dose of TE per vol. of PN
Copper 20umol/L
Selenium 1200nmol/L
Zinc 200umol/L

The accuracy of data transcription was verified by manually checking 5% of all
prescriptions and 5% of all micronutrient bloodtest results. No trends in error

for data transcription were identified.
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