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REVIEW
Aluminium in parenteral nutrition: a systematic review

A Herndndez-Sanchez, P Tejada-Gonzalez and M Arteta-Jiménez

Aluminium (Al) toxicity problem in parenteral nutrition solutions (PNS) is decades old and is still unresolved. The aim of this review
is to gather updated information about this matter, regarding legislation, manifestations, diagnostics and treatment, patient
population at risk and the actions to be taken to limit its accumulation. A structured search using MeSH vocabulary and Title/
Abstract searches was conducted in PubMed (http://www.pubmed.gov) up to November 2012. Al is ubiquitous, facilitating its
potential for exposure. Nevertheless, humans have several mechanisms to prevent significant absorption and to aid its elimination;
therefore, the vast majority of the population is not at risk for Al toxicity. However, when protective gastrointestinal mechanisms are
bypassed (for example, parenteral fluids), renal function is impaired (for example, adult patients with renal compromise and
neonates) or exposure is high (for example, long-term PNS), Al is prone to accumulate in the body, including manifestations such as
impaired neurological development, Alzheimer’s disease, metabolic bone disease, dyslipemia and even genotoxic activity. A high Al
content in PNS is largely the result of three parenteral nutrient additives: calcium gluconate, inorganic phosphates and cysteine
hydrochloride. Despite the legislative efforts, some factors make difficult to comply with the rule and, therefore, to limit the

Al toxicity. Unfortunately, manufacturers have not universally changed their processes to obtain a lower Al content of parenteral
drug products (PDP). In addition, the imprecise information provided by PDP labels and the high lot-to-lot variation make the

prediction of Al content rather inaccurate.
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INTRODUCTION

Aluminium (Al) toxicity in parenteral nutrition solutions (PNS) has
been a problem for decades and is still unresolved. Europe lacks a
global legislation about the upper limit for Al contamination. In
the United States, in an effort to limit patients’ exposure to Al and
to prevent cases of Al toxicity, the American Society for Clinical
Nutrition (ASCN) and the American Society for Parenteral and
Enteral Nutrition (ASPEN) Working Group on standards for Al
content in PNS established in 1991 a series of thresholds (upper
safe limit, unsafe limit, and toxic limit) for Al intake for patients on
long-term PNS.

The United States Food and Drug Administration (FDA)
endocrinologic and metabolic drugs advisory panel, in 2004, and
after several deferrals, issued a rule governing Al content in large
volume parenterals (LVPs) and small volume parenterals (SVPs)
used to prepare PNS.

Because this regulation applies to industry only, ASPEN issued a
statement in 2010 on Al in PNS that provides some guidance to
clinicians.

Despite the legislative efforts, some factors have made difficult
to comply with the rules and, therefore, to limit the Al toxicity.
In this article, we describe how much has been done to limit the Al
content in PNS, and highlight its importance and the actions that
should be taken to limit it.

MATERIALS AND METHODS

A structured search using MeSH vocabulary and Title/Abstract searches
was conducted in PubMed (http://www.pubmed.gov) up to November
2012. The language of the publications was restricted to English. The terms

used were as follows: (((@luminium(Title/Abstract)) or aluminium
(Title/Abstract)) and parenteral nutrition (Title/Abstract), rendering 107
publications. Six were excluded according to language criteria, resulting in
101 articles. References from these articles chosen were browsed, yielding
an additional 30 papers for potential consideration.

FINDINGS
Al characteristics

Al is the lightest, least dense and third most abundant mineral
within the earth’s crust (8% by weight) after oxygen and silicon.'™®
It has no known functions in the human body, although a
significant role in biomolecular compaction has been proposed.>®
Its wide distribution clearly facilitates the potential for human
exposure, which occurs through air, food and water, but it is also
present in medical, cosmetic and environmental products.>® Of
these, PNS stand out as a substantial source of this toxic metal, as
many parenteral drug products (PDP) used to compound them
contain Al as a contaminant or as a component of the raw
materials.”'°

It is estimated that humans ingest between 3 and 20 mg of Al
per day."® Food and beverages provide 2.5-13mg of Al daily,
whereas drinking water may account for 0.2-0.4mg per day.
Drugs such as antacids can contribute up to 500 mg.° However,
despite this intake, it will not accumulate in the body. Humans
have several mechanisms to prevent significant absorption of Al
and to aid its elimination; therefore, the vast majority of the
population is not at risk for Al toxicity from oral or enteral intake.’
In healthy people, both the lungs and the skin are very effective at
reducing Al absorption, as is the gastrointestinal tract, which
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typically allows <1% of ingested Al into the blood stream."'"12

Ninety nine per cent of absorbed Al is lost in the urine and a minor
portion being cleared in the bile. Thus, the renal excretion is the
primarily via of elimination."?'%'3

However, when protective gastrointestinal mechanisms are
bypassed (for example, parenteral fluids), renal function is
impaired (for example, adult patients with renal compromise
and neonates) or exposure is high (for example, long-term PNS),
Al is prone to accumulate in the body, notably in bone, liver and
central nervous system, and also in the spleen, kidneys and other
tissues.”'* PNS are then one of the parenteral fluids that pose
greatest risk for Al accumulation owing to their Al content
and their administration directly into the circulation bypassing the
gastrointestinal tract.'?

Al in PDP

Al is present in all the PDP used to elaborate PNS. Furthermore,
product manipulation, containers and administration sets add Al
to the mixture.'®"> Al contamination of PNS has been recognised
since the 1980s, although it was higher than it is at present.’
Previous studies from the 1980s estimated daily intakes of Al from
80 to 100 pg/kg/day, which is almost 50-fold more than the
present mean intake. This change is a function of reduced
contamination of PNS through its additives.'®

A high Al content in PNS is largely the result of three PDP:
calcium gluconate (CaGluc; up to 81%), inorganic phosphates
(especially potassium) and cysteine hydrochloride.*1%1217-20

Historically, replacement of casein hydrolysate with crystalline
amino acids, which are very low in Al, substantially reduced the Al
load 50-100 times in adult patients receiving PNS. This protein
source is no longer available, and thus may no longer be
considered a source of Al toxicity."'*'®?' Currently, there are
other changes that may lead to Al reduction:

Calcium and phosphorus are prescribed in small amounts but
are relevant, as both are important sources of Al and have the
potential for developing calcium phosphate precipitates. CaGluc is
commonly used in PNS and has replaced calcium chloride (CaCl),
because the risk of precipitation with phosphate is lower.'”*?
However, PNS made with CaCl contain significantly less Al
compared with those made with CaGluc.'”?* Another strategy
to reduce the risk of calcium phosphate precipitation is to use an
organic source of phosphorus, more compatible with CaCl than
the inorganic phosphates.>*'® However, although widely used in
Europe, they are unavailable in many countries including the
United States and Canada. Furthermore, although inorganic
phosphates are considered as high Al-content products,
potassium phosphate (KPho) usually renders more Al to PNS
than sodium phosphate. Therefore, using a sodium or a mixed
sodium-KPho solution rather than the potassium salt would
significantly reduce Al exposure through PNS.3?* Another issue is
the under-mineralisation of bone in low-birth-weight infants
receiving PNS partly because of the delivery of insufficient
amounts of calcium and phosphorus, limited by the low
solubility of calcium phosphate. A possible alternative is calcium
glycerophosphate, which has confirmed as effective regarding
mineral retention as equimolar intakes of calcium and phosphorus
from CaGluc and KPho respectively. Also, and higher
concentrations of these minerals can be kept in solution when
they are provided as calcium glycerophosphate.?>~’

The amount of Al leached from glass containers with rubber
closures is also a significant contributor of AL'® For instance,
repackaging CaGluc from glass containers to polyethylene vials
reduces the mean Al concentration from 5000 to 195 pg/l (a 96%
decrease).>'®'? PDP should be stored in containers that do not
interact physically or chemically with the preparations. This high
chemical resistance is, however, obtained by the addition of
mainly boric and Al oxides to glass, consequently turning glass

DOCKET

_ ARM

Aluminium in parenteral nutrition
A Hernandez-Sanchez et al

into a source of Al.?® Low pH favours exchange of metal ions from
glass, whereas high-pH solutions promote the dissolution of the
glass surface itself.?? Solutions such as CaGluc, sodium phosphate
and sodium acetate form complex anions that dissolve Al from the
glass containers during autoclaving.>'>2* (Table 1). Table 2 shows
the content of Al measured in different PNP as published in
several recent studies. Table 3 lists some relevant products
currently marketed for PNS preparations in Europe.

Patient population at risk

As the kidneys are the major route of Al elimination, the patients
at greatest risk of accumulation receiving PNS are those with renal
compromise and infants with immature renal function, although
other patients who receive these Al-contaminated parenterals are
also at risk for Al loading.'®'*' (Table 4).

« During pregnancy, the foetus is susceptible to Al contamination,
as it is transferred transplacentally. Al does not appear to
transfer into breast milk in any appreciable. In animal models,
less than 2% of a daily dose reached breast milk."'*

e In premature infants, toxicity appears to be negatively
correlated with gestational age. In addition to possessing
immature renal function, they are more prone to Al toxicity
because of their increased calcium and phosphorus require-
ments, thus exposing them to more contaminants from
parenterals that contain these minerals.”'® Even intakes of
<2pg/kg/day, the level suggested by the ASCN/ASPEN as
being safe, may be toxic in this population.' Healthy neonates
may be able to handle more Al; however, there are no such
studies available upon which we could safely estimate
acceptable upper levels of Al from parenteral or injectable
sources in healthy children."’

o In adults, age represents a risk factor for kidney function
impairment, as during normal aging humans lose up to 50% of
their glomeruli between 40 and 85 years of age."' Elderly
patients may also be at a similar risk of Al-related toxicity.
However, a study reveals that most patients with acute kidney
injury who require PNS do not receive excessive exposure to Al.
This was due, in part, to the fact that patients with better renal
function received more calcium and smaller doses of
phosphorus. Patients with the worst renal function were more
apt to have hyperphosphatemia and would therefore receive
PNS without phosphorus.®

o In geriatric patients, Al absorption becomes more efficient with
advancing age; toxicity may not be as dependent on renal
function owing to a weakened gastrointestinal protective
barrier.!

o Other populations at risk for Al toxicity are burn patients who
have received large amounts of albumin to maintain oncotic
pressure, and plasmapheresis patients who have been given
large amounts of albumin.’

Al toxicity manifestations

Reports of Al toxicity from PNS have been cited in the medical
literature for several decades.”'? Unfortunately, the published
literature is primarily limited to studies published in the 1980s and
1990s, and the majority of the literature supporting the need to
minimise Al exposure in the PNS-dependent patient is more than
30 years old."”® Recent publications refer back to these classic
papers, and the actual prevalence of Al toxicity in the parenteral
nutrition-dependent patients still remains to be unknown and
difficult to calculate, as published evidence consists mainly of case
reports or small studies.’

Signs and symptoms of increased tissue Al levels include
possibly neurodegenerative disorders such as dialysis encephalo-
pathy, progressive dementia, impaired neurological development,
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Table 2.

Aluminium measured in different parenteral nutrition products according to recent published studies

Aluminium ug/Il

Migaki et al
JPEN 2012 (ref.'®)

Poole et al.
JPPT 2011 (ref:*%)

PNS 2011 (ref.'®)

Brown et al.
2008 (ref.f)

Oliveira et al.
JPEN 2010 (ref:°)

Poole et al.
JPGN 2010 (ref.'?)

Fewtrell et al.

Sterile water
Amino acids solutions
Dextrose

Lipid emulsions
Sodium glicerophosphate
Calcium gluconate

9400°

252 <559 66" <5% <5°
25d d
252 20% 142

19

2487 2812°

Potassium phosphate 370007
Sodium phosphate 1807
Potassium acetate

Sodium acetate 200?
Calcium chloride 1000°
Potassium chloride 1007
Sodium chloride

Zinc chloride

Magnesium sulphate 300°¢ 165" 109% 122°
Selenium 2500°
Trace elements

Paediatric trace elements

Multi-trace elements

Vitamins preparations 6250" 30°
Cysteina

Chromium

Copper

— <5° 3.8f <1¢
309 <59 90.19' 124° 3.1%59°
72 19.2"™ 17.3% 13.5% 4.6% 12.5¢
17.2% 23" 20.5'
29 159 19.79 112.6° 139
) 263.79
776/ 3234¢ 9205% 19400% 278°
56 szso; 223
622
42°
) 83?
10
<5° 62"
<5° 29 1.6" 62.5' 57°
412
14 63.1" 87.3
87
414°
1049™ 2065™ 1663™ 15°
6% <29 24" 14¢ 549 112,17 1509P
252
10?

Abbreviation: JPEN, Journal of Parenteral and Enteral Nutrition; JPGN, Journal of Pediatric Gastroenterology and Nutrition; JPPT, The Journal of Pediatric
Pharmacology and Therapeutics; PNS, Proceedings of the Nutrition Society. Manufacturer: “Hospira. PAmerican Regent. “APP pharmaceuticals. 9B. Braun
Medical. ®Baxter. fHalex Istar. 9Fresenius Kabi. "Aster. Isofarma. Not specified Hypofarma. 'Equipex. ™Darrow. "In-house preparation. °Cristlia. PFarmalab.

Lipid emulsions
ClinOleic
Intralipid
Ivelip
Lipofundin
Lipoplus
Lipovenos
Omegaven
Smoflipid
Soyacal
Structolipid

Vitamins preparations
Cernevit

Soluvit

Vitalipid

Trace elements
Addamel
Decan
Peditrace

Table 3. Relevant products currently marketed for parenteral nutrition
solutions preparations in Europe

Brand name Manufacturer
Amino acid solutions

Aminofusin Baxter
Aminopaed Fresenius Kabi
Aminoplasmal B. Braun
Aminosteril Fresenius Kabi
Aminoven Fresenius Kabi
Glamin Fresenius Kabi
Nephrotect Fresenius Kabi
Primene Fresenius Kabi
Tauramin Grifols
Throphamine b. Braun
Travasol Baxter
Synthamin Baxter

Vamin Fresenius Kabi
Vaminolact Fresenius Kabi

Baxter
Fresenius Kabi
Baxter

B. Braun

B. Braun
Fresenius Kabi
Fresenius Kabi
Fresenius Kabi
Grifols
Fresenius Kabi

Baxter
Fresenius Kabi
Fresenius Kabi

Fresenius Kabi
Baxter
Fresenius Kabi
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Table 4. Patient population at risk of Al accumulation

Patient population Causes

at risk

Renal compromise
Foetus

Kidneys are the major route of Al elimination
During pregnancy Al is transferred
transplacentally

Al toxicity negatively correlated with
gestational age: immature renal function,
increased calcium and phosphorus
requirements

Weakened Gl protective barrier

Normal renal function deterioration
Al-contaminated albumin to maintain oncotic
pressure

Premature infants

Elderly patients

Burn patients

Abbreviations: Al, aluminium, Gl, gastrointestinal.

Alzheimer’s disease (AD) and Parkinson’s disease, as well as
metabolic bone disease including impaired bone growth, bone
pain, proximal muscle weakness, multiple nonhealing fractures,
premature osteoporosis, osteopenia and osteomalacia. Microcytic
anaemia and cholestasis have been described as well,'##611:1230

(Table 1).

Impaired neurological development

A key study by Bishop et al®' that contributed to the FDA rule
governing Al contamination compared neurological development
in premature infants who received a standard PNS formula
(median: 45 pg/kg/day of Al) or an Al-depleted formula (median:
4-5pg/kg/day of Al) for a period of 5-16 days. The authors
estimated that for infants receiving the standard PNS, the
expected reduction in the Bayley Mental Development Index
score would be 1 point per day of intravenous feeding.'?

Alzheimer disease

Al has a direct and active access to the brain, where it accumulates
in a region-specific manner that highly implicates its involvement
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