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Background and Objectives: This work represents the second part of a progressive review of AuSPEN’s 1999
Guidelines for Provision of Micronutrient Supplementation in adult patients receiving parenteral nutrition. Meth-
ods and Study Design: A systematic literature review was undertaken and recommendations made based on the
available evidence and with consideration to specific elements of the Australian and New Zealand (NZ) practice
environment. The strength of evidence underpinning each recommendation was assessed. A multidisciplinary
steering committee and external reviewers provided feedback on the guidelines. Results: On review of the avail-
able literature it appears that the parenteral multivitamin preparations presently available in Australia and NZ are
to sufficient avoid deficiency without causing toxicity in most clinical situations for adults receiving PN when
provided regularly as part of the PN prescription. Vitamin D is the most vulnerable vitamin for the Australian and
NZ PN population. Conclusions: Vitamins are an essential component of PN and should be provided from com-
mencement for all patients receiving PN. With the exception of vitamin D, which is recommended to be moni-
tored annually, routine monitoring of vitamin levels is unlikely to be necessary in patients receiving regular par-
enteral multivitamin preparations. Clinical judgement is an important element when assessing, prescribing and

monitoring patients receiving PN. Areas requiring further research have been identified.
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INTRODUCTION

A vitamin is “an organic compound, essential in very
small amounts in supporting normal physiologic function,
that cannot be biosynthesized at rates equivalent to the
body’s requirements”.! Vitamins function to stabilize
membranes, as coenzymes, as hydrogen and electron do-
nors and acceptors, or have hormonal function.' They
may exist in one or more active forms, may be fat or wa-
ter-soluble in nature, and these properties largely govern
storage and cellular distribution.'

Fourteen vitamins have Estimated Average Intakes
(EARs) and Recommended Daily Intakes (RDIs) or Ade-
quate Intakes (Als) assigned by the National Health and
Medical Research Council (NHMRC) as Nutrient Refer-
ence Values (NRVs) for oral or enteral provision: these
include vitamins A, D, E, K, thiamin, riboflavin, niacin,
vitamin B-6, vitamin B-12, folate, pantothenic acid, biotin,
choline and vitamin C.? Other compounds, such as car-

nitine and inositol, have also been considered to possess
vitamin-like qualities though are not considered to be
essential.'

The provision of vitamins during parenteral nutrition
(PN) is often limited by chemical stability, necessitating
that they be added to PN admixtures separately, closer to
the time of administration using commercially available
parenteral multivitamin preparations or through com-
pounding individual vitamin combinations, to meet indi-
vidual clinical requirements.
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In 1999 AuSPEN published “Guidelines for Intrave-
nous Trace Elements and Vitamins”,’ following the Mi-
cronutrient workshop held during the 1996 Annual Scien-
tific Meeting. This document aimed to provide guidance
to Australian and New Zealand (NZ) clinicians for the
provision of micronutrients. The current review repre-
sents the second stage of the review of the 1999 guide-
lines. The initial stage covered trace element recommen-
dations and was published in Asia Pacific Journal of Clin-
ical Nutrition in 2014.*

Scope and purpose of the vitamin PN guidelines

The guidelines are designed to support Australian and NZ
clinicians prescribing and monitoring PN to those over
>15 years old, and are intended to be used in conjunction
with the previously published Trace Element Guidelines
(TEGs). They are intended to provide guidance on
maintenance doses for vitamin provision, based on the
currently available evidence. They are not intended to
replace clinical judgement or to comprehensively cover
the requirements of all clinical conditions and comorbidi-
ties that may require further individualisation of PN mi-
cronutrient prescriptions.

These guidelines are also intended to guide industry in
the development of appropriate parenteral multivitamin
preparations, as well as research within PN populations
within the Australian and NZ populations to better inform
future practice in this area.

Definitions outlined in the TEGs have been adopted for
the vitamin guidelines.”

METHODS

The systematic review process undertaken for the devel-
opment of the vitamin guidelines has followed the pro-
cess previously outlined in the TEGs.”

An additional layer of feedback was incorporated
through the introduction of a multidisciplinary steering
committee to ensure the perspectives of all disciplines
involved in PN provision were considered prior to being
sent for external expert reviewer consultation.

RECOMMENDATIONS

While the 2012 ASPEN Position Paper: “Recommenda-
tions of changes in commercially available parenteral
multivitamin and multi-trace element products™ was used
as starting point for the AuSPEN guideline review pro-
cess, considerable differences may be seen the between
AuSPEN and ASPEN recommendations made for vita-
mins C, B-6, K, folate and thiamin. These may be ex-
plained by the differing approaches used to formulate
recommendations in the absence of dosing studies. AS-
PEN has adopted and endorsed the revised Food and
Drug Administration (FDA) recommendations for “effec-
tive adult parenteral vitamin products”,® which are based
on expert opinion following a 1985 workshop.® AuSPEN
on the other hand has accepted the safety and efficacy of
the doses currently routinely provided. This decision has
been made in acknowledgement of the lack of widespread
deficiency or toxicity in patients receiving the available
parenteral multivitamin products for over two decades.
However it is also acknowledged that the absence of defi-
ciency signs or symptoms should not be taken to imply

optimal nutritional status as the presence of subclinical
deficiency is well recognised, and biochemical or clinical
effects may be seen before classical deficiency. It may be
that a higher dose of certain vitamins are beneficial in
particular patients or disease states and further research
on this area is required.

The review of each vitamin was approached using the
following clinical question: “For adult patients receiving
short and long-term PN, what level of vitamin
supplementation, compared to no supplementation, is
required to avoid deficiency and toxicity (including
during pregnancy), and what are the appropriate
methods of assessing levels? ”. A summary of recommen-
dations is provided in Table 1.

Vitamin A

Vitamin A deficiency is uncommon in the wider Australi-
an and NZ population, however those with short bowel
syndrome (SBS) may be at risk due to interruption to fat
absorption and decreased bile salt reabsorption.”® Vita-
min A deficiency or toxicity has not been described in
patients receiving either short- or long-term PN to date.
Vitamin A (retinol) has been demonstrated to be subject
to photodegradation when infused in full light without
protection, and therefore light protective covering should
be used during infusions to avoid unintentional underdos-
ing 10

While high doses of vitamin A are cautioned against
during pregnancy due to teratogenic effects, adequate
doses throughout pregnancy are important for embryonic
development.'" Doses of above 10,000 IU (3,000 pg RE)
retinol have been recommended to be avoided during
pregnancy and pre-conception.'' While synthetic retinoids
used in the management of severe acne are recognised to
be teratogenic,' there is little guidance on the impact of
vitamin A (retinol) during pregnancy when provided as
part of parenteral multivitamin preparations.

AuSPEN recommends a routine maintenance dose of
3,500 IU (1,155 pg RE) in both short and long-term PN
patients (including HPN). While no specific recommen-
dations can be made for Vitamin A as part of PN provi-
sion during pregnancy or lactation due to lack of safety
data in this population group via the parenteral route, the
provision of 3,500 IU (1,155 pg RE) dose seems appro-
priate throughout the last trimester of pregnancy, if not
during the entire pregnancy. Routine surveillance of se-
rum retinol levels is unlikely to be necessary in most clin-
ical situations. Should assessment be required, serum ret-
inol levels with concurrent retinol binding protein levels
may be performed, however there are significant limita-
tions of these markers during acute illness.

Vitamin D

A significant sector within the general Australian and NZ
population have vitamin D levels that are considered in-
sufficient (25-hydroxy vitamin D (250HD) levels <50
nmol/L) for at least part of the year.'*'* There have been
a number of studies suggesting that Vitamin D deficiency
and insufficiency is common in patients receiving long-
term or HPN.'"" These findings appear to occur despite
the provision of regular vitamin D as part of the parenter-
al multivitamin preparation (200 IU [5 pg]),'® ongo-



638

EJ Osland, A Ali, T Nguyen, M Davis and L Gillanders

Table 1. Summary table of vitamin recommendations for

PN in adults’

What is the safe
and adequate daily
supplementation
for short-term PN?

What is the safe
routine and adequate
supplementation for
long-term PN?

Are there any conditions in
which higher supplementa-
tion should be considered?

Are there any conditions in
which reduced supplementation
should be considered?

What should be monitored and how fre-
quently.

Standard assay

Vitamin A

Vitamin D

Vitamin E

Vitamin K

Vitamin B-1

Vitamin B-2

Vitamin B-3

3,500 TU
(1,155 ug RE)

200 IU (5.5 pg)

10 mg

Not required in
patient receiving
lipid-containing
PN

3mg

4-5 mg

40-47 mg

3,500 TU
(1,155 ug RE)

200 IU (5.5 pg)

10 mg

Dependent on indi-

vidual clinical situa-

tion

4-5 mg

40-47 mg

Fat malabsorption, SBS,
chronic alcohol.

Those living in NZ and
southern regions of Austral-
ia, pregnancy. Long-term
PN patients may require
additional Vitamin D.

SBS, critically ill including
those with multi-organ fail-
ure and SIRS.

SBS in the absence of a
colon, primary biliary scle-
rosis, during pregnancy,
those with reduced BMD.

Alcohol dependence, dialy-
sis, HIV/AIDS, (other auto
immune) malnutrition, mal-
absorption, hypermetabo-
lism.

Nil

Malabsorption, large efflu-
ent losses via dialysis, alco-
hol.

Caution in pregnancy above
maintenance supplementation
doses

Nil

Nil

Caution for those receiving oral
anticoagulation

Nil

Nil

Nil

Routine monitoring not required if re-
ceiving routine parenteral multivitamin.

Serum 250HD should be measured an-
nually, in conjunction with serum con-
centrations of calcium, magnesium and
phosphate; serum parathyroid hormone
in long-term PN and HPN patients.

Routine monitoring not required if re-
ceiving routine parenteral multivitamin.

Routine monitoring not required unless
on anti-coagulation therapy - close moni-
toring provided during commencement,
cessation or any changes to PN formula-

tion/ supplementation is recommended in

this population.

Routine monitoring not required if re-
ceiving routine parenteral multivitamin.

Routine monitoring not required if re-
ceiving routine parenteral multivitamin.

Routine monitoring not required if re-
ceiving routine parenteral multivitamin.

Serum retinol levels
Retinol binding protein

Serum 250HD

Plasma a-tocopherol
Plasma a-tocopherol:
plasma lipids ratio

INR, PT, APTT
serum phylloquinone and
PIVKA-II

erythrocyte transketolase
activity/ whole blood or
RBC thiamin pyrophos-
phate

RBC glutathione reduc-
tase before and after addi-
tion of flavin adenine
dinucleotide/riboflavin in
RBC or plasma

Plasma niacin

Urinary excretion NI-
methyl nicotinamide and
its derivatives (NI- me-
thyl-2-pyridoxin-5-
carboxamide)

CKD: chronic kidney disease; CRRT: continuous renal replacement therapy; ECF: enterocutanous fistula; IBD: inflammatory bowel disease; IFALD: intestinal failure associated liver disease; HIV/AIDS: human
immunodeficiency virus/acquired immunodeficiency virus; PNALD: parenteral nutrition associated liver disease; SBS: short bowel syndrome; SIRS: systemic inflammatory response syndrome; TB: tuberculosis,

NZ: New Zealand.

TAdults >15 years old. These recommendations represent maintenance doses for otherwise stable patients receiving PN. Individual clinical situations should be considered when prescribing vitamin doses and deter-

mining the appropriateness of monitoring.
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Table 1. Summary table of vitamin recommendations for PN in adults’ (cont)

What is the safe
and adequate daily
supplementation for
short-term PN?

What is the safe
routine and adequate
supplementation for
long-term PN?

Are there any conditions in which
higher supplementation should be
considered?

Are there any conditions in

which reduced supplementa-

tion should be considered?

What should be monitored and
how frequently

Standard assay

Vitamin B-5
Vitamin B-6

Vitamin B-12

Folate

Vitamin C

Biotin
Carnitine

Choline

16-17 mg
3mg

5-6 ug

400 ng

110-150 mg

60 pug

Nil parenteral sup-
plementation pres-
ently available in
Australia or NZ

Nil parenteral sup-
plementation pres-
ently available in
Australia or NZ

16-17 mg
3mg

5-6 ug

400 ng

110-150 mg

60 pug

Nil parenteral sup-
plementation pres-
ently available in
Australia or NZ

Nil parenteral sup-
plementation pres-
ently available in
Australia or NZ

Nil

Pregnancy, autoimmune disorders,
coeliac disease, IBD, malabsorption,
alcohol, renal impairment.

Gastric resection (including bariatric
surgery), older age, atrophic gastritis
or pernicious anaemia, chronic pan-
creatitis, Cystic Fibrosis, bacterial
overgrowth, ileal resection.

Pregnancy, malabsorption, alcohol.

Oxidative stress, 3" trimester of
pregnancy, malabsorption, haemodi-
alysis, burns, trauma, critically ill.
Nil

liver disease +/- SBS or ECF, CKD,
malnutrition, cancer cachexia, preg-
nancy, dialysis, CRRT, surgery,
burns, TB.

Pregnancy, possibly in
PNALD/IFALD

Nil
Nil

Nil

Nil

Nil

Nil
Nil

Nil

Nil available

Routine monitoring not required if
receiving routine parenteral multi-
vitamin.

Routine monitoring not required if
receiving routine parenteral multi-
vitamin.

The presence of macrocytic
megoloblastic anaemia on routine
FBC screening in long-term and
HPN patients indicates the need
for further investigation of folate
status.

Otherwise routine monitoring not
required if receiving routine par-
enteral multivitamin.

Routine monitoring not required if
receiving routine parenteral multi-
vitamin.

Nil available

Regular monitoring not required/
available.

Regular monitoring not required/
available.

Nil available
Pyridoxal 5 phosphate
in RBC or plasma

Serum or plasma B-12

FBC
Serum folate

Serum ascorbate

Nil available

Urine or blood Car-
nitine levels

Plasma free choline

CKD: chronic kidney disease; CRRT: continuous renal replacement therapy; ECF: enterocutanous fistula; IBD: inflammatory bowel disease; IFALD: intestinal failure associated liver disease; HIV/AIDS: human
immunodeficiency virus/acquired immunodeficiency virus; PNALD: parenteral nutrition associated liver disease; SBS: short bowel syndrome; SIRS: systemic inflammatory response syndrome; TB: tuberculosis,

NZ: New Zealand.

TAdults >15 years old. These recommendations represent maintenance doses for otherwise stable patients receiving PN. Individual clinical situations should be considered when prescribing vitamin doses and deter-
mining the appropriateness of monitoring.
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ing oral intake,'®'” and/or large dose oral supplementation

of vitamin D."”?° Vitamin D status in the Australian or
NZ PN population has not been studied, and as such it is
unclear if it is appropriate to generalise these results to
our local conditions where baseline vulnerable vitamin D
status is assumed.

Metabolic bone disease (MBD) is the most frequent
metabolic complication in long-term HPN for chronic
intestinal failure, occurring in 80% of 165 HPN patients
who had dual-energy X-ray absorptiometry (DEXA) at
the lumbar spine and femoral neck in a multi-centre cross
sectional survey.”' It is unclear if vitamin D status in
long-term HPN is associated with worsening bone struc-
ture.

It has been suggested that vitamin D toxicity may occur
through impairment of PTH. In early studies in HPN pa-
tients vitamin D withdrawal resulted in an increase in
bone mineral density together with normalisation of PTH
and vitamin D.** No reports in the last decade have con-
firmed these findings.

AuSPEN recommends that all short and long-term pa-
tients receiving PN have a routine dose of 200 IU (5.5 ug)
vitamin D. Patients receiving longer term and HPN may
benefit from additional vitamin D on a case-by-case basis.
Women on long-term PN with low vitamin D levels
should have vitamin D supplemented. Additional oral
vitamin D supplements should be considered. In stable
long-term and HPN patients serum 250HD should be
measured annually. 250HD has been reported as the me-
tabolite that best reflects overall vitamin D status.

Recent recommendations for MBD monitoring include
use of bone mineral density assessment and (a) measure-
ment of serum concentrations of calcium, magnesium and
phosphate, (b) serum concentrations of 25OHD and para-
thyroid hormone and (c) biochemical markers of bone
turnover.” Prevention and treatment are based on lifestyle
and dietary recommendations, treatment of the underlying
disease-related factors and optimizing vitamin D status
and inclusion of vitamin D in the PN admixture.”

Vitamin E
Though a rare occurrence, there are several case reports
of patients with additional risk factors developing vitamin
E deficiency while receiving long-term or intermittent
PN.*** These incidences occurred in conjunction with
the provision of high poly-unsaturated fatty acids (PUFA)
lipids (100% soy) with inadequate vitamin E provision to
overcome lipid peroxidation, and are not likely to an issue
with contemporary PN practices (the use of second and
third generation lipids). There are no reports of vitamin E
toxicity with PN provision.”®

Lipid emulsions used in PN vary greatly in their natu-
rally occurring vitamin E levels (reported from 58-384
ug/L).”” This variation may be attributed to the type of
lipid emulsion,”” 100% soy lipid having the lowest con-
centrations and 100% fish oil having the highest.”’ PN
solutions with high PUFA lipid emulsions may need addi-
tional vitamin E to combat lipid peroxidation without
compromising the amount available for physiological
requirements.*®

Significant light degradation has been reported in vita-
min E and for this reason light protection during PN ad-

ministration and/or vitamin infusion is recommended.”'’
Vitamin E (a and y tocopherol) demonstrates increased
stability in mixtures containing medium chain triglycer-
ides than soy and olive oil.*®

There is insufficient data for recommendation of ade-
quate intake of vitamin E in PN as the available studies
recommending high dose of vitamin E are based on 100%
soy lipid emulsions, and as such are not transferable to
contemporary practice in Australia and NZ. With new
second and third generation lipid emulsions now most
commonly used, AuSPEN recommends that a dose of 9-
10 mg/day of vitamin E be provided for patients receiving
short and long-term PN, to meet physiological needs with
an additional allowance for the peroxidation of lipids.

Routine assessment of vitamin E for those on PN is not
necessary while parenteral multivitamin preparations are
regularly provided. Should assessment be clinically indi-
cated, plasma o tocopherol level is the most accessible
measurement available,” though the ratio of plasma «
tocopherol to plasma lipids has been suggested as being
the most accurate measure for deficiency in adults.*

Vitamin K

In patients receiving PN, vitamin K has been assumed to
be provided by the soy lipid component traditionally pro-
vided as the primary lipid source. Moderate amounts of
naturally occurring vitamin K are also provided by fish
oil containing lipid, and an average of 50 pug vitamin K
per 100 g fat is present in the emulsions commonly used
in Australia and NZ.** As a naturally occurring product,
quantities within the commercially available lipid solu-
tions will be subject to seasonal variation.”' Vitamin K is
not routinely supplemented in patients receiving PN in
NZ, and practice varies between centres in Australia.

While there are no cases in the literature of overt vita-
min K deficiency in adults receiving PN, mild coagula-
tion abnormalities have been reported in a small study in
which vitamin K-free PN was provided.> A further case
of an adolescent developing vitamin K deficiency after
commencement of PN in the setting of bone marrow
transplant, recent antibiotic use and minimal oral intake
has been reported.”® Toxicity for vitamin K has not been
reported and is not considered a concern in those receiv-
ing PN.”!

A weekly 10 mg vitamin K dose in Canadian HPN pa-
tients suggested a trend toward improved bone mineral
density compared with patients who did not receive addi-
tional parenteral vitamin K supplementation.’® However
further research is required to confirm benefit of vitamin
K supplementation on bone health of HPN patients.

Provision of supplemental vitamin K should be a ther-
apeutic decision based on individual requirements. AuS-
PEN recommends patients receive individual assessment
for consideration of routine vitamin K supplementation
during short-, long-term and HPN provision. Considera-
tion should be based on the source of lipid prescribed, the
frequency of PN provision and any underlying conditions
requiring alterations to standard recommendations. These
may include the provision of lipid free PN, those receiv-
ing oral anti-coagulation therapy, disrupttion to bile acid
circulation, during pregnancy or in long-term HPN pa-
tients with metabolic bone disease.
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Routine monitoring of vitamin K levels are not neces-
sary for inpatients receiving PN unless patients have con-
current conditions that require regular oral anticoagula-
tion medication. In these patients, closer monitoring dur-
ing changes to PN regimen, including commencement
and cessation may be warranted. Should monitoring be
indicated, coagulation tests (INR, prothrombin time) are
often utilised, however these are not specific to vitamin K
status and may be may be affected by other clinical con-
ditions (i.e. liver failure). Global coagulation assays will
not detect subclinical deficiency of vitamin K*.

Thiamin (vitamin B-1)

The essentiality of regular thiamin provision as part of PN
provision may be best demonstrated by the adverse out-
comes reported in the United States in the 1980s and
1990s during periods of parenteral vitamin shortages.’®
During these times the death of at least three PN-
dependent patients were attributed to the consequences of
thiamin deficiency.® Thiamin intakes of 0.6 mg/day or
less result in the development of deficiency.’®*’

Malnourished individuals can be affected by refeeding
syndrome - a cluster of signs and symptoms, which may
include the development or unmasking of thiamin defi-
ciency’®, which may impact at the commencement of PN
in some patients. Metabolic stress as a result of severe
illness acutely increases the need for thiamin, as a result
of increased oxidative metabolism and increased carbo-
hydrate provision in the diet. It should be noted that those
who develop a thiamin deficiency are likely to have con-
comitant deficiencies in other water soluble vitamins.*

There have been numerous studies highlighting various
doses of thiamin successfully used to treat deficiency
states, ranging from 50 mg once daily to 500 mg IV three
times a day for three days, with no reports of toxicity.****
No universally accepted guideline for optimal dose, fre-
quency or duration of use of thiamin presently exist.*

A study of long-term PN patients that had parenteral
thiamin supplementation of 3 mg/day showed that all had
adequate levels.** Additional supplemental doses of thia-
min may be given in populations at risk of deficiency or if
symptomatic.

AuSPEN recommends a routine maintenance dose of at
least 3 mg thiamin/day in all patients receiving PN. Rou-
tine surveillance of thiamin levels are not required, and in
the case of suspicion of thiamin deficiency, rapid inter-
vention is indicated and will always take precedence over
obtaining serum levels and providing clinical intervention
on these. Should assessment be required erythrocyte
transketolase activity represents a functional measure of
thiamin status, while concentrations of thiamin pyrophos-
phate in RBC or whole blood may be an alternative quan-
titative measure available in some labs.*’

Riboflavin (vitamin B-2)
Clinical signs of riboflavin deficiency have been de-
scribed in parts of the world with inadequate dietary in-
takes of riboflavin, however only biochemical abnormali-
ties have been described in riboflavin deficient PN.*
Riboflavin toxicity has not been described as excess is
readily excreted as with other water soluble vitamins.*®
Small older studies on short-term PN patients have

shown adequate biochemical levels of riboflavin when
given at 1.8-10 mg/day,”*® however it should be noted
that the higher requirement was in a population of criti-
cally ill patients, where increased energy metabolism may
be expected. In six HPN patients daily infusions of 3.6
mg of riboflavin maintained biochemical stability but
infusions thrice weekly showed a biochemical decline in
only one patient.”” No published literature was located
that described riboflavin levels or requirements in preg-
nancy or lactation during the provision of PN. In the ab-
sence of larger well controlled studies to evaluate a pre-
cise need for riboflavin the current data indicate that the
current additives given routinely will meet the require-
ments of most patients receiving short and long-term PN.

AuSPEN recommends that adult patients receiving
short and long-term PN receive between 4-5 mg ribofla-
vin each day. Assessment of riboflavin status should be
restricted to those who have overt clinical signs or symp-
toms of riboflavin deficiency and should not form part of
regular surveillance of short or long-term patients receiv-
ing PN. Should assessment be indicated, whole blood to
measure erythrocyte riboflavin levels is the most com-
monly available method in Australia and NZ, though uri-
nary excretion, activation of erythrocyte glutathione re-
ductase activity may also be measured.’

Niacin (vitamin B-3)
No cases of niacin deficiency or toxicity in either short or
long-term PN patient have been reported with the current-
ly provided doses (40-46 mg/day). No studies in pregnant
or lactating patients receiving PN have been conducted.
AuSPEN recommends the routine provision of 40-46
mg niacin as part of a complete parenteral nutrition provi-
sion in both short and long-term PN patients, including
during pregnancy. Routine measurement of niacin is not
recommended in short or long-term PN patients and
should only be considered in the context of clinical suspi-
cion of niacin deficiency or toxicity. In these occasions,
the most reliable measure of niacin status is urinary ex-
cretion of NI-methyl nicotinamide and its derivatives (NI-
methyl-2-pyridoxin-5-carboxamide).”

Pantothenic acid (vitamin B-5)
Pantothenic acid deficiency state has only been observed
in experimental settings when volunteers have been fed
deficient synthetic diets or fed an antagonist.”' Deficiency
has never been described in a patient receiving PN. No
adverse effects have been associated with high intakes of
pantothenic acid,”> and there is limited data about any
additional requirement for pantothenic acid in pregnancy.
Given the essential nature of pantothenic acid in
intermediary metabolism and lack of evidence of any
toxic effects AuSPEN recommends that 16-17 mg/day of
pantothenic acid be provided to patients receiving PN.
Biochemical assessment of pantothenic acid status is not
routinely available and remains largely experimental. >

Pyridoxine (vitamin B-6)

Vitamin B-6 deficiency is uncommon and is usually asso-
ciated with low concentrations of other B group vitamins
such as vitamin B-12 and folic acid.” Serious illness
leads to increased protein and amino acid turnover and
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will lead to an increased requirement for pyridoxine.
Clinical deficiency is rare but has been seen in experi-
mental doses of 0.16 mg/day, but never with intakes of
over 0.5 mg/day.>*® Cases of toxicity in PN administra-
tion have not been reported.’’ Intentional self-poisoning
can occur with chronic administration of oral doses of
100 mg daily.™

Sunlight may lead to pyridoxine degradation hence
protection from light is recommended.”

In the absence of evidence for the development of defi-
ciency or toxicity with both short and long-term provision
of currently provided doses of pyridoxine in parenteral
multivitamin preparations, AuSPEN recommends pyri-
doxine maintenance dose of 2.9 mg/day. Routine moni-
toring of pyridoxine levels are not required, however
should assessment be clinically indicated, blood pyridoxal
5 phosphate levels should be measured.®

Vitamin B-12

A healthy person with replete body stores has sufficient
vitamin B-12 to last between 3 to 6 years without sup-
plementation.>®" Absorption of vitamin B-12 is a complex
process, and any condition affecting the stomach or ter-
minal ileum may reduce oral/enteral absorption.”*

No cases of vitamin B-12 deficiency have been report-
ed in those receiving PN since vitamin B-12 has been
included in regular parenteral multivitamin preparations.
Bariatric surgery patients with unplanned outcomes,
which may include HPN, are an emerging population who
may be more vulnerable to development of vitamin B-12
deficiency however no reported data is available to date.

Serum vitamin B-12 tends to be elevated in patients on
long-term PN receiving daily vitamin B-12, however no
adverse outcomes of this have been described.’ Possible
explanations for these elevated levels include the delivery
of vitamin B-12 directly into systemic circulation or that
this reflects parenteral B-12 infusion rather than (likely
normal) tissues stores.’

AuSPEN recommends that all adult patients receiving
short and long-term PN receive 5-6 nug cyanocobalamin
each day. Vitamin B-12 levels in serum or plasma do not
need regular assessment in short or long-term PN patients
unless the patient is not receiving the routine supplemen-
tation of the currently available parenteral multivitamin
preparations. If haematological abnormalities are present
the underlying cause must be investigated. Evaluation of
vitamin B-12 status includes red blood cell parameters,
and folate levels.* Patients who are receiving a routine
dose of vitamin B-12 in the PN prescription are unlikely
to be deficient.

Folate

Folate requirements can be affected by bioavailability,
nutrient interactions, smoking, certain drugs and genetic
variations. Folate deficiency states may manifest in those
with inadequate intakes and increased requirements, par-
ticularly with malabsorption diseases. The clinical picture
of folate deficiency is identical to the haematologic ef-
fects of vitamin B-12 deficiency. Folate deficiency or
toxicity has not been described in patients receiving rou-
tine folate supplemented PN.

AuSPEN recommends that all short and long-term pa-
tients receiving PN have a routine dose of 400 pg of fo-
late. Additional folate may be required in the short-term
in some clinical settings, for increased requirements such
as haematopoiesis. AuSPEN makes no recommendation
for additional folate in pregnancy in which case individu-
al clinical judgement is needed. Routine screening for
folate is not warranted during PN provision if mainte-
nance doses are routinely provided. If routine screening
of long-term PN patients with a full blood count reveals a
macrocytic megaloblastic anaemia, this should then trig-
ger a serum folate measurement. Serum folate measure-
ments provide equivalent information to red cell folate
measurements when attempting to determine whether
folate deficiency is present.”’ There seems to be no basis
for the routine testing of all samples for serum/plasma
folate and a red cell folate.

Ascorbic acid (vitamin C)

Ascorbic acid deficiency is rare, and is usually limited to
individuals or populations who have inadequate dietary
intake or absorption.’”® It is thought that steady state
plasma concentration achieved by 60 mg/day would pre-
vent development of scurvy for approximately one month
if ascorbic acid intake was ceased.”’” Hospitalised patients
with acute stressors such as those with major burns or
trauma, multiple injuries and critically ill patients may
display reduced ascorbic acid levels.®® Supplementation
beyond the routine supplementation in this population
should be considered and given as necessary.®® Ascorbic
acid deficiency has not been described in PN patients, nor
has toxicity. Ascorbic acid is thought to have low toxicity
with high intakes.

AuSPEN recommends the continuation of routine
ascorbic acid provision around 110-150 mg/day for pa-
tients receiving short and long-term PN (including during
pregnancy/lactation). Routine blood testing is unneces-
sary and potentially inaccurate due the various factors
mentioned above, and observation of clinical signs would
be more appropriate measure of vitamin C status. If as-
sessment is clinically indicated, serum or plasma ascor-
bate concentrations may be obtained, however as ascor-
bate is unstable, falsely low levels may be seen if samples
do not reach the laboratory on ice, within two hours of
sampling %

Biotin

Biotin deficiency has been described in people receiving
biotin free long-term PN.”' Symptoms included hair loss,
angular cheilosis and dry eyes, which resolved with intra-
venous biotin. Biotin deficiency was also described in a
series of patients with alopecia, rash, depression and low
plasma biotin levels. These patients had PN with no bio-
tin supplementation for more than one month.”” Biotin
was administered at 138 pg/day, which resolved symp-
toms, but CoA carboxylase activity remained subnormal
in two of five patients.”

Although biotin deficiency has not been demonstrated
with biotin supplemented PN some authors have specu-
lated that marginal biotin status may exist more than is
thought. >’ Biotin toxicity has never been described.
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AuSPEN recommends that all short and long-term
patients receiving PN receive a routine dose of 60 pg
biotin to avoid biotin deficiency. Biotin deficiency may
be confirmed by the detection of elevated urinary 3-
hydroxyisovaleric acid,” however detection generally
relies on the identification of related deficiency symptoms.

Carnitine

Though not strictly a vitamin as it is synthesized in the
liver and kidney from lysine and methionine, biotin may
become conditionally essential in some clinical
situations.”’>

Symptomatic carnitine deficiency has been described
in patients receiving long-term PN with significant small
bowel resection and enterocutanous fistulae in the pres-
ence of impaired liver function.””” Low plasma levels
have been described in HPN patients in the absence of
symptomatic deficiency but in the setting of other pathol-
ogies making it difficult to implicate carnitine alone.**"
L- carnitine toxicity has not been reported.

Carnitine is not routinely supplemented in adults re-
ceiving short or long-term PN in Australia, NZ or interna-
tionally, and at this time there is insufficient evidence to
support its routine addition. Should replacement during
PN be clinically indicated, supplementation with L-
carnitine supplementation of 2 to 5 mg/kg/d has been
suggested though higher levels may be required if multi-
ple reasons for carnitine deficiency exist.”*** However
supplementation options in Australia and NZ are limited
with limited access to parenteral carnitine identified at the
time of this review. Depending on the individual situation,
oral supplementation may be sufficient.”’

AuSPEN makes no clinical recommendations for car-
nitine but highlights the need for further research into the
possible conditional essentiality of carnitine in PN popu-
lations. Carnitine is not routinely assessed in either short
or long-term PN patients in Australia and NZ. Should
assessment be required blood and urine carnitine levels
may be measured.”***"

Choline

Although choline can be synthesised endogenously, cho-
line has been recognised an essential nutrient since the
late 1990s and was included in the NRVs for Australia
and NZ for the first time in 2006.>*° Pregnancy and the
post-partum period are recognised to be times of in-
creased maternal choline requirements.***’

Choline deficiency presents with liver abnormalities,
including the development of hepatic steatosis and de-
rangements in aminotransferases.** " This is of particular
interest when considered in terms of the similar manifes-
tations in PN or intestinal failure associated liver disease
(PNALD or IFALD). Of further significance to those re-
quiring PN, choline deficiency may also be associated
with increased risk of venous catheter thrombosis.”'

Dietary choline deficiency has not been described out-
side of experimental settings, however malabsorption of
dietary sources are anticipated to occur in those with in-
testinal  failure even  after substantial bowel
adaptation.”””® PN products internationally are not cur-
rently supplemented with choline. While phosphatidyl-
choline will be present to varying degrees in parenteral

lipid emulsions, these do not appear to provide significant
levels of available choline.”****> Consequently lower than
normal concentrations of plasma-free choline have been
demonstrated in those reliant on HPN, although plasma
phospholipid-bound choline levels remained normal in
the majority of patients.”>** Small studies in HPN patients
have suggested that choline supplementation (2 g/day for
24 weeks) may reverse steatosis in those with
PNALD/IFALD as well as improvements in verbal and
visual memory.**®

Toxicity has not been reported outside of experimental
settings and is not considered a concern for those receiv-
ing PN.”

While AuSPEN recognises the essentiality of choline
and the potential clinical importance of supplementation
for adults receiving PN (particularly during pregnancy or
in those with IFALD/PNALD), it makes no recommenda-
tion for maintenance doses in either short- or long-term
PN recipients (including those receiving PN during preg-
nancy, or in the presence of IFALD/PNALD) at the pre-
sent time. AuSPEN highlights this is a need for further
clinical research in this area. Laboratory assessment of
choline status is not currently routinely available, nor is it
recommended while no means of correcting abnormalities
exists. Should it be required, plasma free-choline concen-
trations appear to be the most reliable measure of choline
status.”>”’

PRACTICAL CONSIDERATIONS WITH PN VIT-
AMIN ADMINISTRATION

Frequency of administration

Vitamins are an essential component of nutrition support
and should be administered any time PN is provided (i.e.
daily vitamin provision if daily PN provision; PN three
times per week, vitamin provision three times per week).
Many established HPN patients do not require daily PN
and in these cases parenteral vitamin provision incorpo-
rated into the intermittent HPN provision may be ade-
quate to compensate for the deficit in enteral/oral absorp-
tion. In other situations, patients may require daily paren-
teral multivitamin supplementation provided as a single
infusion on the days HPN is not administered. Decisions
relating to the provision of additional parenteral vitamin
preparations on days in which HPN is not provided
should be based on the underlying clinical condition of
the patient, known deficiency risks and ultimately on the
clinical judgement of the PN prescriber/s.

Method of administration
Vitamins may be administered in one of two ways: asep-
tically added into PN solution and infused as a component
of the PN solution, or provided as an intermittent infusion
either via a Y-site or as a stand-alone infusion separate to
the PN administration. Often the decision as to which
method is used is based on the capabilities and policies of
individual facilities, rather than clinical recommendations.

If PN micronutrients are added to the PN solution and
provided over the duration of the PN administration, cli-
nicians should remain cognisant that on occasions where
the full PN bag is not infused, a reduced provision of mi-
cronutrients will also be administered.

While there are a number of studies that have investi-



644 EJ Osland, A Ali, T Nguyen, M Davis and L Gillanders

gated the impact of infusion duration on the retention of
trace elements in acutely unwell patients,”®” no such
studies about the impact on the retention of vitamins from
PN provision or on the impact of infusion methods for
micronutrients on stable or long-term or HPN recipients
have been identified. Expert opinion based on the extrap-
olation of the studies on trace element excretion is that
micronutrients including vitamins should be administered
over the longest time feasible to optimise the cellular up-
take and reduce urinary excretion.'”’

Furthermore providing vitamins concurrently with
trace elements may lead to loss of vitamin activity
through oxidation and interactions. Vitamin C is particu-
larly vulnerable to loss through interaction with trace el-
ements.””'*! For this reason expert opinion has suggested
these be provided separately, potentially over long-term
“piggy back” methods of alternating 12 hrs infusions, or
with both vitamins and trace elements included in the PN
solution, where vitamins are added immediately prior the
commencement of the administration to minimise interac-
tion and loss of vitamin activity.'®’

Effects of light exposure on parenteral vitamins
Numerous studies have demonstrated significant losses of
certain vitamins from PN solutions through direct light
exposure: vitamins A, C and E appear to be particularly
vulnerable to this form of degradation’'®* and this may
occur through both bags and giving sets.'®'**

Little is known regarding the potential impacts of dif-
ferent types of light sources, such as sunlight versus fluo-
rescent or LED lighting as would be common in hospital
facilities and homes. Research suggests that protection of
PN solutions from strong light should be accorded greater
priority for both hospitalised and ambulant patients than
is currently practiced.'”® Amber light-protective infusion
sets may also provide additional benefit, particularly in
slow infusions. The impact of light and light protective
mechanism is an area that warrants further research in
contemporary PN administration.

PRACTICAL CONSIDERATIONS FOR THE MON-
ITORING OF PARENTERAL VITAMINS

There are a number of limitations associated with moni-
toring vitamin levels that should be considered before
requests are placed. First, vitamin assays are not highly
developed nor are they reliable or widely accessible.
While specific issues around testing for individual vita-
mins have been outlined in the relevant sections of this
guideline, broader limitations common to all biochemical
tests may also impact on monitoring for vitamin status.
These include though are not limited to: factors around
transport, handling and storage, analysis of samples and
within sample variation.'*'%

Second, the presence of an acute phase response medi-
ated by acute clinical issues will confound the interpreta-
tion of many vitamin tests. This is due to many transport
carrier proteins for vitamins and trace elements being
either negative or positive acute phase responders.'®” For
this reason a CRP level should always be taken concur-
rently with any micronutrient requests to allow for con-
textual interpretation. In the case of a known elevated

CRP level/acute illness, testing should be deferred until
these issues have fully resolved.

Third, reference ranges for many vitamins are not well
defined. A reference range is by definition the range that
would be observed in an otherwise healthy population.'®
It may be argued that those receiving PN are not repre-
sentative of the general population and that comparison
against a population-based range may confound interpre-
tation in the setting of parenteral vitamin provision. Fur-
thermore, unlike the development of reference ranges
around commonly obtained samples, vitamin tests are
with few exceptions infrequently ordered and as such the
number of analyses on which to base a reference range is
likely to be less robust than more common measures.'°

Fourth, there are significant health care associated
costs with micronutrient testing. For example, at the time
of writing the cost for a full vitamin panel analysis in
Australia may cost in excess of $A170, the price of which
more than doubles when trace elements are also tested.'"”
The relative benefit and clinical application of the vitamin
monitoring must be weighed against the expense of the
tests. In the increasingly scarce resourcing in healthcare
environments vitamin and other micronutrient testing
may represent an unnecessary cost in the care of many
PN patients.

For these reasons AuSPEN recommends judicious con-
sideration as to whether vitamin testing is necessary
and/or likely to be valid prior to requesting it in each in-
dividual clinical situation. With the exception of vitamin
D, routine surveillance of vitamin levels in patients re-
ceiving regular parenteral multivitamin supplementation
is unlikely to be necessary and should be minimised in
short-term, long-term or HPN patients. Examples of times
when testing and/or a short period of surveillance may be
indicated include suspicion of vitamin deficiency/toxicity,
follow up post recent vitamin replacement, those at risk
of deficiencies due to increased losses or metabolic turn-
over, or post major changes to frequency of parenteral
multivitamin preparation administration (i.e. significant
reduction in HPN days on PN). Decisions relating to the
frequency of vitamin monitoring should be based on the
underlying clinical condition of the patient, known defi-
ciency risks and ultimately on the clinical judgement of
the PN prescriber/s.

STRENGTHS AND LIMITATIONS OF THE AUS-
PEN VITAMIN PN GUIDELINES FOR ADULTS
The strength of the current guideline review is that they
represent a thorough and systematic review of the cur-
rently available literature for this patient group. Further-
more they have been developed specifically with unique
issues relevant to the Australian and NZ population and
how this may impact on those receiving PN (including
both baseline micronutrient vulnerabilities and locally
available parenteral multivitamin preparations).

There are a number of limitations associated with this
guideline. First, the majority of studies conducted on mi-
cronutrient supplementation or status in PN recipients are
limited by small study size and often are in the context of
PN practices that are not reflective of contemporary prac-
tice.
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Second, few studies have been conducted within Aus-
tralia and NZ. The generalizability of international studies
to the local population remains unclear due to different
parenteral multivitamin preparations and PN solutions
(particularly lipid emulsions) used, and baseline nutri-
tional status influenced by the geographical location.

Finally, each recommendation for the maintenance
doses and monitoring of each vitamin has been assessed
against the NHRMC matrix to provide an assessment of
the strength of evidence supporting the recommendation:
these range from a grade of A (highest) to D (lowest)
based on the strength of evidence provided on each
contributing study and the applicability of the findings to
the Australian and NZ context. Based on the limitations
of the available research as outlined above the
recommendations contained in this document are
NHMRC Grade C or D recommendations. However this
should be understood in the context of the realities of
nutritional research in which the eclements of well-
designed randomised controlled trials, notably blinding
and randomisation, are not always possible due to ethical
or logistical reasons. As such, lower grades of evidence
often represent the best level of evidence available and
this does not necessarily invalidate the recommendations
based on them. For this reason, the recommendations for
research form an important part of the conclusions of
these guideline recommendations.

RECOMMENDATIONS FOR CLINICIANS

1. A parenteral multivitamin preparation should be pro-
vided from the day of PN commencement and as regu-
larly as PN is provided.

2. All patients receiving PN should be individually as-
sessed to ensure the vitamin doses provided by stand-
ard parenteral multivitamin provision is adequate for
their individual clinical circumstances.

3. Due to the vulnerability of the Australian and NZ
populations to vitamin D insufficiency and/or defi-
ciency, vitamin D should be monitored annually in pa-
tients receiving long-term PN.

4. Routine surveillance and monitoring of vitamin levels
other than vitamin D are not required unless there is a
clinical suspicion of deficiency or toxicity. Periodic
assessment may be indicated in cases where signifi-
cant clinical or PN prescription changes are occurring,

5. Appropriate light protection should be provided for
parenteral vitamin administration.

6. Clinicians should be aware of the local practices that
may impact on a reduced dose of parenteral vitamins
being delivered to the patient.

RECOMMENDATIONS FOR INDUSTRY AND
ADMINISTRATORS

Based on the present review, there is no evidence on
which to base recommendations for changes to the paren-
teral multivitamin preparations currently available in
Australian and NZ. Evidence supports the need for effec-
tive light protection to prevent photo degradation of vita-
mins in the PN admixture. Devices which are light pro-
tective should be made available within the Australian
and NZ.

RECOMMENDATIONS FOR RESEARCH IN PAR-
ENTERAL NUTRITION SUPPORT

The literature underpinning the present vitamin guidelines
review have identified a number of gaps that require
further research to inform further PN provision and
optimal nutritional care for this patient population. These
include but are not limited to: determination of vitamin D
status of those receiving long-term PN in Australian and
NZ; investigation of the relationship between vitamin D
status/provision and the development of MBD in long-
term PN recipients; role of vitamin K in the bone health
in long-term PN through prospective studies; the role of
choline and/or carnitine in the prevention and treatment
of PNALD/IFALD; and clarification of the most effective
method/s to administer parenteral vitamin preparations,
including investigation into administration methods and
methods of reducing vitamin degradation.

ACKNOWLEDGEMENTS

Ibolya Nyulasi (President of AuSPEN) convened the Review of
the 1999 Micronutrient Guidelines. Steering committee Bryan
Parry, Ruth Hodgson and Katerina Angstmann; Expert external
reviewers Mette Berger, Alan Shenkin and Patrick Ball; Con-
sumer feedback from Parenteral Nutrition Down Under (PNDU),
coordinated by Karen Winterbourn; and Elizabeth Purcell for
coordinating the external review process.

AUTHOR DISCLOSURES

No conflicts of interests have been declared by any of the au-
thors. No funding has been received by those involved in the
guidelines process. Costs incurred through guideline develop-
ment have been met by AuSPEN.

REFERENCES

1. Mahan K, Escott-Stump S, eds. Krause’s Food and Nutrition
Therapy 12" ed. Philadelphia: Saunders; 2008.

2. National Health And Medical Research Council, New
Zealand Minstry of Health. Nutrient Reference Values for
Australia and New Zealand. Canberra: Commonwealth of
Australia; 2006.

3. Australasian Society for Parenteral and Enteral Nutrition.
AuSPEN guidelines for intravenous trace elements and
vitamins. 1999 [cited 2013/11/01] Available from: http://
www.auspen.org.au/assets/Uploads/Documents/guidelines-
2/AuSPEN-Micronutrients-Guidelines. pdf.

4. Osland EJ, Ali A, Isenring E, Ball P, Davis M, Gillanders L.
Australasian Society for Parenteral and Enteral Nutrition
guidelines for supplementation of trace elements during
parenteral nutrition. Asia Pac J Clin Nutr. 2014;23:545-54.
doi: 10.6133/apjcn.2014.23.4.21.

5. Vanek VW, Borum P, Buchman A, Fessler TA, Howard L,
Jeejeebhoy K et al. A.S.P.EN. position paper:
recommendations for changes in commercially available
parenteral multivitamin and multi-trace element products.
Nutr Clin Pract. 2012;27:440-91. doi: 10.1177/088453361
2446706.

6. Mirtallo J, Canada T, Johnson D, Kumpf V, Petersen C,
Sacks G et al. Safe practices for parenteral nutrition. JPEN J
Parenter Enteral Nutr. 2004;28:S39-70. doi: 10.1177/01486
071040280S601.

7. Buchman AL. Etiology and initial management of short
bowel syndrome. Gastroenterology. 2006;130(Suppl 2):5S-
158S. doi: 10.1053/j.gastr0.2005.07.063.

8. Edes TE, Walk BE, Thornton WH, Jr., Fritsche KL.
Essential fatty acid sufficiency does not preclude fat-



646

EJ Osland, A Ali, T Nguyen, M Davis and L Gillanders

16.

17.

20.

21.

22.

23.

24.

soluble-vitamin deficiency in short-bowel syndrome. Am J
Clin Nutr. 1991;53:499-502.

. Allwood MC, Martin HJ. The photodegradation of vitamins

A and E in parenteral nutrition mixtures during infusion.
Clin Nutr. 2000;19:339-342. doi: 10.1054/clnu.2000.0109.

.Ferguson TI, Emry S, Price-Davies R, Gosslett AG. A

review of stability issues assoicatedassociated with vitamins
in parenteral nutrition. e-SPEN. 2014;9:¢49-53. doi: 10.
1016/j.clnme.2014.01.001.

. Berti C, Biesalski HK, Gartner R, Lapillonne A, Pietrzik K,

Poston L et al. Micronutrients in pregnancy: current
knowledge and unresolved questions. Clin Nutr. 2011;30:
689-701. doi: 10.1016/j.clnu.2011.08.004.

. Australian Bureau of Statistics. Feature article: vitamin D.
4364.0.55.006-Australian  Health Survey: Biomedical
Results for Nutrients, 2011-12. 2014/04/14 [cited

2015/07/10]. Available from: http://www.abs.gov.au/ausstat
s/abs@.nsf/Lookup/4364.0.55.006Chapter2002011-12.

.Bolland MJ, Grey A, Davidson JS, Cundy T, Reid IR.

Should measurement of vitamin D and treatment of vitamin
D insufficiency be routine in New Zealand? NZ Med J.
2012;125:83-91. doi: 125-1349/5045/.

. Daly RM, Gagnon C, Lu ZX, et al. Prevalence of vitamin D

deficiency and its determinants in Australian adults aged 25
years and older: a national, population-based study. Clin
Endocrinol. 2012;77:26-35. doi: 10.1111/j.1365-2265.2011.
04320.x.

. Compher C, Pazianas M, Benedict S, Brown JC, Kinosian

BP, Hise M. Systemic inflammatory mediators and bone
homeostasis in intestinal failure. JPEN J Parenter Enteral
Nutr. 2007;31:142-7. doi: 10.1177/0148607107031002142.
Corey B, Akerman K, Allan P, Raforth C. Vitamin D status
of New England home TPN patients- a snapshot of practice
(abstract). Nutr Clin Pract. 2009;24:110.

Thomson P, Duerksen DR. Vitamin D deficiency in patients
receiving home parenteral nutrition. JPEN J Parenter Enteral
Nutr. 2011;35:499-504. doi: 10.1177/0148607110381269.

.Ellegard L, Kurlberg G, Bosaeus I. High prevalence of

vitamin D deficiency and osteoporosis in out-patients with
intestinal failure. Clin Nutr. 2013;32:983-7. doi: 10.1016/].
¢clnu.2013.02.005.

.Bharadwaj S, Gohel TD, Deen OJ, et al. Prevalence and

predictors of vitamin D deficiency and response to oral
supplementation in patients receiving long-term home
parenteral nutrition. Nutr Clin Pract. 2014;29:681-5. doi: 10.
1177/0884533614539178.

Boullata J, Compher C, Schiavone P, Stoner N, Hoff K,
Kinosian B. Oral Vitamin D repletion in patients with
pareneteral nutrition dependent intestinal failure. Nutr Clin
Pract. 2009;24:138-9. doi: 10.1177/0884533608330079.
Pironi L, Labate AM, Pertkiewicz M, Przedlacki J, Tjellesen
L, Staun M et al. Prevalence of bone disease in patients on
home parenteral nutrition. Clin Nutr. 2002;21:289-96. doi:
10.1054/clnu.2002.0548.

Verhage AH, Cheong WK, Allard JP, Jeejeebhoy KN.
Increase in lumbar spine bone mineral content in patients on
long-term  parenteral nutrition without vitamin D
supplementation. JPEN J Parenter Enteral Nutr. 1995;19:
431-6. doi: 10.1016/S0261-5614(95)80125-1.

Bozzetti F, Staun M, Van Gossum A. (Eds.) Home
parenteral nutrition. Oxon, UK: CAB International; 2006.
Braga CB, Vannucchi H, Freire CM, Marchini JS, Jordao
AA, Jr., da Cunha SF. Serum vitamins in adult patients with
short bowel syndrome receiving intermittent parenteral
nutrition. JPEN J Parenter Enteral Nutr. 2011;35:493-8. doi:
10.1177/0148607110386964.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Porter L, Reynolds N, Ellis JD. Total parenteral nutrition,
vitamin E, and reversible macular dysfunction
morphologically ~mimicking age related macular
degeneration. Br J Ophthalmol. 2005;89:1531-2. doi: 10.11
36/bjo.2005.074195.

Biesalski HK. Vitamin E requirements in parenteral
nutrition. Gastroenterology. 2009;137(5 Suppl):92S-104S.
doi: 10.1053/j.gastro.2009.07.073.

Xu Z, Harvey KA, Pavlina TM, Zaloga GP, Siddiqui RA.
Tocopherol and tocotrienol homologs in parenteral lipid
emulsions. Eur J Lipid Sci Technol. 2015;117:15-22. doi:
10.1002/¢j1t.201400182.

Guidetti M, Sforzini A, Bersani G, Corsini C, Grossi G,
Zolezzi C et al. Vitamin A and vitamin E isoforms stability
and peroxidation potential of all-in-one admixtures for
parenteral nutrition. Int J Vit Nutr Res. 2008;78:156-66. doi:
10.1024/0300-9831.78.3.156.

Steephen AC, Traber MG, Ito Y, Lewis LH, Kayden HJ,
Shike M. Vitamin E status of patients receiving long-term
parenteral nutrition: is vitamin E supplementation adequate?
JPEN J Parenter Enteral Nutr. 1991;15:647-52. doi: 10.117
7/0148607191015006647.

Forchielli ML, Conti M, Motta R, Puggioli C, Bersani G.
Phytonadione content in branded intravenous fat emulsions:
a comparative study of 6 products with different fat sources
using liquid chromatography-mass spectrometry. JPEN J
Parenter Enteral Nutr. 2015. doi: 10.1177/01486071155899
89. (In press)

Shearer MJ. Vitamin K in parenteral nutrition.
Gastroenterology. 2009;137(5 Suppl):105S-18S. doi: 10.105
3/j.gastro.2009.08.046.

Duerksen DR, Papineau N. The prevalence of coagulation
abnormalities in hospitalized patients receiving lipid-based
parenteral nutrition. JPEN J Parenter Enteral Nutr. 2004;28:
30-3. doi: 10.1177/014860710402800130.

Carlin A, Walker WA. Rapid development of vitamin K
deficiency in an adolescent boy receiving total parenteral
nutrition following bone marrow transplantation. Nutr Rev.
1991;49:179-83. doi: 10.1111/j.1753-4887.1991.tb03015 .x.
Aljarallah B, Fernandes G, Jeejeebhoy KN, Gramlich LM,
Whittaker JS, Armstrong D, et al. The Canadian Home Total
Parenteral Nutrition (HTPN) Registry: vitamin K
supplementation and bone mineral density. JPEN J Parenter
Enteral Nutr. 2012;36:415-20. doi: 10.1177/014860711143
1983.

Suttie JW. Vitamin K and human nutrition. ] Am Diet Assoc.
1992;92:585-90.

Foltz EE, Barborka CJ, Ivy AC. The leve of vitamin B-
complex in the diet at which detectable symptoms of
deficiency occur in man. Gastroenterology. 1944;2:323-44.
Wood B, Gijsbers A, Goode A, Davis S, Mulholland J,
Breen K. A study of partial thiamin restriction in human
volunteers. Am J Clin Nutr. 1980;33:848-61.

Rio A, Whelan K, Goff L, Reidlinger DP, Smeeton N.
Occurrence of refeeding syndrome in adults started on
artificial nutrition support: prospective cohort study. BMJ
open. 2013;3:¢002173. doi: 10.1136/bmjopen-2012-002173.
Maiorana A, Vergine G, Coletti V, Luciani M, Rizzo C,
Emma F et al. Acute thiamine deficiency and refeeding
syndrome: Similar findings but different pathogenesis.
Nutrition. 2014;30:948-52. doi: 10.1016/j.nut.2014.02.019.
Wrenn KD, Murphy F, Slovis CM. A toxicity study of
parenteral thiamine hydrochloride. Ann Emerg Med. 1989;
18:867-70. doi: 10.1016/S0196-0644(89)80215-X.

. Thomson AD, Cook CC, Touquet R, Henry JA. The Royal

College of Physicians report on alcohol: guidelines for
managing Wernicke’s encephalopathy in the accident and



AUuSPEN adult PN vitamin guidelines

647

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Emergency Department. Alcohol Alcohol. 2002;37:513-21.
doi: 10.1093/alcalc/37.6.513.

Sechi G, Serra A. Wernicke's encephalopathy: new clinical
settings and recent advances in diagnosis and management.
Lancet Neurol. 2007;6:442-55. doi: 10.1016/S1474-4422(07)
70104-7.

Day E, Bentham PW, Callaghan R, Kuruvilla T, George S.
Thiamine for prevention and treatment of Wernicke-
Korsakoff Syndrome in people who abuse alcohol. Cochrane
Database Syst Rev. 2013;7:CD004033. doi: 10.1002/14651
858.CD004033.

Schiano TD, Klang MG, Quesada E, Scott F, Tao Y, Shike
M. Thiamine status in patients receiving long-term home
parenteral nutrition. Am J Gastroenterol. 1996;91:2555-9.
Jin P, Xia L, Li Z, Che N, Zou D, Hu X. Rapid
determination of thiamine, riboflavin, niacinamide,
pantothenic acid, pyridoxine, folic acid and ascorbic acid in
Vitamins with Minerals Tablets by high-performance liquid
chromatography with diode array detector. J] Pharm Biomed
Anal. 2012;70:151-7. doi: 10.1016/j.jpba.2012.06.020.
Labadarios D, OKeefe SJ, Dicker J, Van Stuijvenberg L,
Visser L, Louw MEJ et al. Plasma vitamin levels in patients
on prolonged total parenteral nutrition. JPEN J Parenter
Enteral Nutr. 1988;12:205-11. doi: 10.1177/014860718801
2002205.

Mikalunas V, Fitzgerald K, Rubin H, McCarthy R, Craig
RM. Abnormal vitamin levels in patients receiving home
total parenteral nutrition. J Clin Gastroenterol. 2001;33:393-
6. doi: 10.1097/00004836-200111000-00010.

McCormick D. Riboflavin. In: Shils, May, Vernon, eds.
Modern nutrition in health and disease. Philadelphia: Lea
and Febiger; 1988. pp. 362-9.

Bradley JA, King RF, Schorah CJ, Hill GL. Vitamins in
intravenous feeding: a study of water-soluble vitamins and
folate in critically ill patients receiving intravenous nutrition.
BrJ Surg. 1978;65:492-4. doi: 10.1002/bjs.1800650714.
Stromberg P, Shenkin A, Campbell RA, Spooner RIJ,
Davidson JF, Sim AJ. Vitamin status during total parenteral
nutrition. JPEN J Parenter Enteral Nutr. 1981;5:295-9. doi:
10.1177/0148607181005004295.

Hodges RE, Ohlson MA, Bean WB. Pantothenic acid
deficiency in man. J Clin Invest. 1958;37:1642-57. doi:
10.1172/JCI103756.

Tahiliani AG, Beinlich CJ. Pantothenic acid in health and
disease. In: Aurbach GD, McCormick DB, eds. Vitamins
and hormones. Vol 46. San Diego: Academic Press; 1991.
pp. 165-228.

Eissenstat BR, Wyse BW, Hansen RG. Pantothenic acid
status of adolescents. Am J Clin Nutr. 1986;44:931-7.
Wittwer CT, Schweitzer C, Pearson J, Song WO, Windham
CT, Wyse BW et al. Enzymes for liberation of pantothenic
acid in blood: use of plasma pantetheinase. Am J Clin Nutr.
1989;50:1072-8.

National Institutes of Health. Vitamin B6: Dietary
Supplement Fact Sheet [Internet]. US Department of Health
and Human Services. 2011/09/15 [cited 2015/07/03].
Available from: http://ods.od.nih.gov/factsheets/VitaminB6-
HealthProfessional/.

Yess N, Price JM, Brown RR, Swan PB, Linkswiler H.
Vitamin B6 depletion in man: urinary excretion of
tryptophan metabolites. J Nutr. 1964;84:229-36.

Institute of Medicine. Dietary reference intakes for vitamin
C, vitamin E, selenium and carotenoids. Washington DC:
National Academy Press; 2000.

Dalton K, Dalton MJ. Characteristics of pyridoxine overdose
neuropathy syndrome. Acta neurologica Scandinavica. 1987;
76:8-11. doi: 10.1111/1.1600-0404.1987.tb03536.x.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

Kishi H, Nishii S, Ono T, Yamaji A, Kasahara N, Hiraoka E
et al. Thiamin and pyridoxine requirements during
intravenous hyperalimentation. Am J Clin Nutr. 1979;3:332-
8.

Bailey AL, Wright AJ, Southon S. High performance liquid
chromatography method for the determination of pyridoxal-
5-phosphate in human plasma: how appropriate are cut-off
values for vitamin B6 deficiency? Eur J Clin Nutr. 1999;53:
448-55. doi: 10.1038/sj.ejen.1600775.

Gillanders L, Sloan A (eds). Dietitans New Zealand Clinical
Handbook. 10th ed: Wellington: NZDA; 2013.

Herbert V, Coleman N. Folic Acid and vitamin B12. 7th ed.
Philadelphia: Lea and Febiger; 1988.

Elkhatib I, Cao W, Rao S, Fryer J, Buchman AL. Serum
B12 concentration is elevated in patients receiving chronic
parenteral nutrition, but is not a marker of intestinal failure-
associated liver disease. J Clin Gastroenterol. 2010;44:571-4.
doi: 10.1097/MCG.0b013e3181d7723b.

Oh RC. Vitamin BI12 deficiency-Diagnosis. BMJ Best
Practice [BMJ database]. 2015/10/19 [cited 2015/07/13].
Available from: http://bestpractice.bmj.com/best-practice/
monograph/822/diagnosis.html.

Galloway M, Rushworth L. Red cell or serum folate?
Results from the National Pathology Alliance benchmarking
review. J Clin Pathol. 2003;56:924-6. doi: 10.1136/jcp.56.
12.924.

Levine M, Rumsey SC, Daruwala R, Park JB, Wang Y.
Criteria and recommendations for vitamin C intake. JAMA.
1999;281:1415-23. doi: 10.1001/jama.281.15.1415.

Levine M, Conry-Cantilena C, Wang Y, Welch RW,
Washko PW, Dhariwal KR et al. Vitamin C
pharmacokinetics in healthy volunteers: evidence for a
recommended dietary allowance. Proc Natl Acad Sci U S A.
1996;93:3704-9. doi: 10.1073/pnas.93.8.3704.

Berger MM. Vitamin C requirements in parenteral nutrition.
Gastroenterology. 2009;137(5 Suppl):70S-8S. doi: 10.1053/
j-gastro.2009.08.012.

Ohno S, Ohno Y, Suzuki N, Soma G, Inoue M. High-dose
vitamin C (ascorbic acid) therapy in the treatment of patients
with advanced cancer. Anticancer Res. 2009;2:809-15.
Baugh CM, Malone JH, Butterworth CE, Jr. Human biotin
deficiency. A case history of biotin deficiency induced by
raw egg consumption in a cirrhotic patient. Am J Clin Nutr.
1968;21:173-82.

Forbes GM, Forbes A. Micronutrient status in patients
receiving home parenteral nutrition. Nutrition. 1997;13:941-
4. doi: 10.1016/S0899-9007(97)00334-1.

Velazquez A, Zamudio S, Baez A, Murguia-Corral R,
Rangel-Peniche B, Carrasco A. Indicators of biotin status: a
study of patients on prolonged total parenteral nutrition. Eur
J Clin Nutr. 1990;44:11-6.

Daniells S, Hardy G. Hair loss in long-term or home
parenteral nutrition: are micronutrient deficiencies to blame?
Curr Opin Clin Nutr Metab Care. 2010;13:690-7. doi: 10.
1097/MCO.0b013e32833ece02.

Carlson GL, Williams N, Barber D, Shaffer JL, Wales S,
Isherwood D et al. Biotin deficiency complicating long-term
total parenteral nutrition in an adult patient. Clin Nutr.
1995;14:186-90. doi: 10.1016/S0261-5614(95)80018-2.
Guarnieri G. Carnitine in maintenance hemodialysis patients.
J Ren Nutr. 2015;25:169-75. doi: 10.1053/j.jrn.2014.10.025.
Borum PR.  Carnitine in  parenteral  nutrition.
Gastroenterology. 2009;137(5 Suppl):129S-34S. doi: 10.10
53/j.gastro.2009.08.016.

Miyajima H, Sakamoto M, Oikawa T, Honjou H, Kanaoka S,
Honda N. Carnitine deficiency following massive intestinal
resection: a morphological and biochemical study. Jpn J



648

EJ Osland, A Ali, T Nguyen, M Davis and L Gillanders

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Med. 1990;29:95-8. doi: 10.2169/internalmedicinel1962.29.
95.

Forchielli ML, Richardson D, Folkman J, Gura K, Lo CW.
Better living through chemistry, constant monitoring, and
prompt interventions: 26 years on home parenteral nutrition
without major complications. Nutrition. 2008;24:103-7. doi:
10.1016/j.nut.2007.10.001.

Worthley LI, Fishlock RC, Snoswell AM. Carnitine
deficiency with hyperbilirubinemia, generalized skeletal
muscle weakness and reactive hypoglycemia in a patient on
long-term total parenteral nutrition: treatment with
intravenous L-carnitine. JPEN J Parenter Enteral Nutr. 1983;
7:176-80. doi: 10.1177/0148607183007002176.

Bowyer BA, Fleming CR, Ilstrup D, Nelson J, Reek S,
Burnes J. Plasma carnitine levels in patients receiving home
parenteral nutrition. Am J Clin Nutr. 1986;43:85-91.
Buchman AL, Vinters HV, Diethelm S, Ament ME, Verity
MA. Late onset primary systemic carnitine deficiency
exacerbated by carnitine-free parenteral nutrition. Clin Nutr.
1992;11:368-72. doi: 10.1016/0261-5614(92)90089-9.
Bonafe L, Berger MM, Que YA, Mechanick JI. Carnitine
deficiency in chronic critical illness. Curr Opin Clin Nutr
Metab Care. 2014;17:200-9. doi: 10.1097/MC0.000000000
0000037.

Isaguirre AC, Olsina RA, Martinez LD, Lapierre AV,
Cerutti S. Rapid and sensitive HILIC-MS/MS analysis of
carnitine and acetylcarnitine in biological fluids. Anal
Bioanal Chem. 2013;405:7397-404. doi: 10.1007/s00216-
013-7193-6.

Maeda T, Hirayama M, Kobayashi D, Miyazawa K, Tamai 1.

Mechanism of the regulation of organic cation/carnitine
transporter 1 (SLC22A4) by rheumatoid arthritis-associated
transcriptional factor RUNX1 and inflammatory cytokines.
Drug Metab Dispos. 2007;35:394-401. doi: 10.1124/dmd.
106.012112.

Institute of Medicine Food and Nutrition Board. Dietary
reference intakes for folate, thiamin, riboflavin, niacin,
vitamin B12, pantothenic acid, biotin and choline. In: USA
NAoS, ed. Vol Volume 1. Washington DC: National
Academy Press; 1998.

Caudill MA. Pre- and postnatal health: evidence of increased
choline needs. J] Am Diet Assoc. 2010;110:1198-206. doi:
10.1016/j.jada.2010.05.009.

Zeisel SH. Choline: critical role during fetal development
and dietary requirements in adults. Annu Rev Nutr. 2006;26:
229-50. doi: 10.1146/annurev.nutr.26.061505.111156.

Zeisel SH, Da Costa KA, Franklin PD, Alexander EA,
Lamont JT, Sheard NF et al. Choline, an essential nutrient
for humans. FASEB J. 1991;5:2093-8. doi: 0892-6638191/
0005-2093.

Buchman AL, Ament ME, Sohel M, Dubin M, Jenden DJ,
Roch M et al. Choline deficiency causes reversible hepatic
abnormalities in patients receiving parenteral nutrition:
proof of a human choline requirement: a placebo-controlled
trial. JPEN J Parenter Enteral Nutr. 2001;25:260-8. doi: 10.
1177/0148607101025005260.

Buchman AL, Dubin MD, Moukarzel AA, Jenden DJ, Roch
M, Rice KM, et al. Choline deficiency: a cause of hepatic
steatosis during parenteral nutrition that can be reversed
with intravenous choline supplementation. Hepatology.
1995;22:1399-403. doi: 10.1002/hep.1840220510.

Buchman AL, Ament ME, Jenden DJ, Ahn C. Choline
deficiency is associated with increased risk for venous
catheter thrombosis. JPEN J Parenter Enteral Nutr. 2006;30:
317-20. doi: 10.1177/0148607106030004317.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Buchman AL. The addition of choline to parenteral nutrition.
Gastroenterology. 2009;137(5 Suppl):119S-288S. doi: 10.10
53/j.gastro.2009.08.010.

Compher CW, Kinosian BP, Stoner NE, Lentine DC, Buzby
GP. Choline and vitamin B12 deficiencies are interrelated in
folate-replete long-term total parenteral nutrition patients.
JPEN J Parenter Enteral Nutr. 2002;26:57-62. doi: 10.1177/
014860710202600157.

Buchman AL, Moukarzel A, Jenden DJ, Roch M, Rice K,
Ament ME. Low plasma free choline is prevalent in patients
receiving long term parenteral nutrition and is associated
with hepatic aminotransferase abnormalities. Clin Nutr.
1993;12:33-7. doi: 10.1016/0261-5614(93)90143-R.

Vinton NE, Laidlaw SA, Ament ME, Kopple JD. Taurine
concentrations in plasma and blood cells of patients
undergoing long-term parenteral nutrition. Am J Clin Nutr.
1986;44:398-404.

Buchman AL, Sohel M, Brown M, Jenden, DJ, Ahn C, Roch
M, Brawley TL. Verbal and visual memory improve after
choline supplementation in long-term total parenteral
nutrition: a pilot study. JPEN J Parenter Enteral Nutr. 2001;
25:30-5. doi: 10.1177/014860710102500130.

Pomfret EA, daCosta KA, Schurman LL, Zeisel SH.
Measurement of choline and choline metabolite
concentrations using high-pressure liquid chromatography
and gas chromatography-mass spectrometry. Anal Biochem.
1989;180:85-90. doi: 10.1016/0003-2697(89)90091-2.
Ferrie S. Does infusion time affect the retention of
parenteral micronutrients? Poster. AuSPEN  Annual
Scientific Meeting; 2010. Date of meeting 20-23 October.
Berger MM, Baines M, Raffoul W, Benathan M, Chiolero
RL, Reeves C et al. Trace element supplementation after
major burns modulates antioxidant status and clinical course
by way of increased tissue trace element concentrations. Am
J Clin Nutr. 2007;85:1293-300.

Berger MM, Shenkin A. Vitamins and trace elements:
practical aspects of supplementation. Nutrition. 2006;22:
952-5. doi: 10.1016/j.nut.2006.06.004.

Gibbons E, Allwood MC, Neal T, Hardy G. Degradation of
dehydroascorbic acid in parenteral nutrition mixtures. J
Pharm BiomedAnal. 2001;25:605-11. doi: 10.1016/S0731-
7085(00)00589-6.

Allwood MC. The influence of light on vitamin A degrada-
tion during administration. Clin Nutr. 1982;1:63-70. doi: 10.
1016/0261-5614(82)90006-1.

Dupertuis YM, Ramseyer S, Fathi M, Pichard C. Assess-
ment of ascorbic acid stability in different multilayered par-
enteral nutrition bags: critical influence of the bag wall ma-
terial. JPEN J Parenter Enteral Nutr. 2005;29:125-30. doi:
10.1177/0148607105029002125.

Benzakour G, Fathi M, Bonnabry P, Dupertuis YM, Pichard
C. Influence of temperature, light and plastic material on
vitamin C stablity in total parenteral nutrition administration
sets: Poster 321. ESPEN Congress; 2005.

Haas C, Genzel-Boroviczeny O, Koletzko B. Losses of
vitamin A and E in parenteral nutrition suitable for prema-
ture infants. Eur J Clin Nutr. 2002;56:906-12. doi: 10.1038/
sj.ejen.1601417.

Walmsley RN, White GH. A Guide to Diagnostic Clinical
Chemistry. Vol 1. Carlton: Blackwell Science Ltd; 1996.
Greaves RF, Woollard GA, Hoad KE, Walmsley TA, John-
son LA, Briscoe S et al. Laboratory medicine best practice
guideline: vitamins A, E and the carotenoids in blood. Clin
Biochem Rev. 2014;35:81-113.

Lai JK, Lucas RM, Banks E, Ponsonby AL, Ausimmune
Investigator Group. Variability in vitamin D assays impairs



AUuSPEN adult PN vitamin guidelines 649

clinical assessment of vitamin D status. Intern Med J. 2012;
42:43-50. doi: 10.1111/j.1445-5994.2011.02471.x.

109. Gruys E, Toussaint MJ, Niewold TA, Koopmans SJ. Acute
phase reaction and acute phase proteins. J Zhejiang Univ Sci
B. 2005;6:1045-56. doi: 10.1631/jzus.2005.B1045.

110. Pathology Queensland. System QI. Document Management:

17705 - V20.0 - Pathology Queensland Public Pathology
Price Schedule 2015-2016. Brisbane: Pathology Queensland;
2015/06/26 [cited 2015/11/24]. Available from: http://qis.
health.gld.gov.au/DocumentManagement/Default.aspx?Doc
umentID=17705.



650 EJ Osland, A Ali, T Nguyen, M Davis and L Gillanders

Clinical Nutrition Guidelines

Australasian society for parenteral and enteral nutrition
(AuSPEN) adult vitamin guidelines for parenteral
nutrition

Emma J Osland AdvAPD MPhil", Azmat Ali AdvAPD’, Truc Nguyen BPharm",
Melvyn Davis PhcC FSHP®, Lyn Gillanders NZRD*’

'Department of Nutrition and Dietetics, Royal Brisbane and Women'’s Hospital, Butterfield Street, Brisbane,
Australia

’Faculty of Health and Behavioural Sciences, School of Human Movement and Nutrition Sciences, University
of Queensland, Brisbane, Australia

3Department of Nutrition and Dietetics, Princess Alexandra Hospital, Brisbane, Queensland, Australia
‘Department of Pharmacy, Middlemore Hospital, Auckland, New Zealand

’Mel Davis and Associates, Sydney, Australia

Nutrition Support Team, Auckland City Hospital, Auckland, New Zealand

"Faculty of Medical and Health Sciences, University of Auckland, Auckland, New Zealand

RAIT e begp 54 % 4 (AuSPEN) #%% 5 £ &
S EL FH

TR L P %1 ivExFAuSPEN 1999# 4y 8 £33 X 737t F £ (PN) s
4wﬁﬁi%§£%3’ﬁﬁﬁﬁmi:mﬁo*&hpf&“iéﬁﬁﬁé
TGRS P AR JI T eite Z (NZ) LB X B hE R T
FHRN I AE - T A AR FOBRRL I ER o - [ S EHR S
1 | £AeetIvied ﬁ}Tiﬂa#%l—JF*‘%.& Lo %% DM 2 akFYE 0 SR
BRAJITAedTd 20 I Rt E AL FAIT] o P F MELPNE B LA
FITAPNA S - Mol A > XVEFLD 024 43 o 2DE
BT oRTE DA BRI RIS F o Bk At FERNF LHER
*‘%@ﬂmﬁ@gﬁ%ﬁ4%o%”ﬁﬁmﬁ&%wyé%D
ﬂ’ﬁ%KWﬁi%‘i’ﬁﬁﬁﬁ%Er“4%% [hR A e 8w e
MOE G B R R A PN F B G R A *éa&nﬂ% 1 e
~ﬁﬁiﬁﬁﬁ#é4££°



