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INTRODUCTION

An estimated 40,000 people in the United States
rely on long-term parenteral nutrition (PN) (1).
In order to effectively monitor and treat trace

element status for PN patients, one must be aware of
requirements, excretion routes, the risks and manifes-
tations of deficiencies and toxicities, available par-
enteral products, and the reliability of laboratory tests.

Nearly twenty trace elements are thought to be
essential for humans (2) but only five are commonly
added to PN. The numerous and complex metabolic
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functions of the essential trace elements are discussed
elsewhere (2–6). Commercially available parenteral
trace element additives provide a mixture of four or
five trace elements; either chromium (Cr), copper
(Cu), manganese (Mn), and zinc (Zn); or, these four
elements plus selenium (Se). (Tables 1 and 2). Current
trace element mixtures, formulated by 1979 guidelines
(7), provide two to eight times the recent recom-
mended requirement of Mn, and twice the requirement
of Cu in a daily dose that otherwise meets the require-
ments for the remaining trace elements (8). (Tables 1
and 2). All five elements, as well as Molybdenum
(Mb) and Iodine (I) can be purchased as single-ele-
ment additives. Iron (Fe) solutions are available for
separate IV infusion (Table 3). 

MANGANESE (Mn)

Many long-term PN patients develop elevations of
whole blood, plasma or serum, and red blood cell man-
ganese without toxicity symptoms (9–14). Hyperman-
ganesemia is more likely to develop in cholestatic
patients, as the primary route of excretion is in bile, yet
it has also been reported in PN patients with normal
liver function (2,11,13–15). Mn contamination of PN
solutions is approximately 10–38 mcg per 2 L (11,16).
Hypermanganesemia may be due to the excessive Mn
provided by current combination trace element addi-
tives, as well as contamination of PN (Tables 1 and 2).
An optimal dose for Mn in PN may be as low as 55
micrograms (mcg) per day (12). 
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Table 1
Daily Parenteral Trace Element Supplementation for Adults 

Previous Recent Daily dose—using current trace element 
Recommendations Recommendations products (in Table 2 below) in amounts of 

Trace Element (AMA-1979) (ASPEN-2004) 1,2 or 5 mL, to approximate requirements

Manganese 150–800 mcg 60–100 mcg 200, 500, or 800 mcg
Selenium (none) 20–60 mcg 0, or 40, or 60 mcg
Zinc 2.5–4.0 mg 2.5–5 mg 2–5 mg
Chromium 10–15 mcg 10–15 mcg 8–10 mcg
Copper 0.5–1.5 mg 0.3–0.5 mg 0.8–1 mg

Table 2
Combination Parenteral Trace Element Products for Adults

Volume Chromium Copper Manganese Zinc Selenium 
Drug name (mL) (mcg) (mg) (mcg) (mg) (mcg)

Multitrace-4a 1 4 0.4 100 1 0
4 Trace Elements Injectionb 5 10 1 800 4 0
Multitrace-4 Concentratea 1 10 1 500 5 0
Multitrace-5a 1 4 0.4 100 1 20 
Multitrace-5 Concentratea 1 10 1 500 5 60 

Single trace elements are also available for Cr, Cu, Mn, Zna,b, Sea,c, and Mba,c and Ic
aAmerican Regent (www.americanregent.com)
bHospira (www.hospira.com)
cAmerican Pharmaceutical Partners (www.appdrugs.com)
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There are no known accounts of Mn deficiency in
PN patients. Symptomatic Mn toxicity while on PN has
been reported in several cases, with Parkinson-like
symptoms such as tremor and gait disturbance; and/or
confusion, headache, and dizziness (17–21). Mn toxic-
ity is associated with increased signal intensity in the
globus pallidus of the basal ganglia on brain magnetic
resonance images (MRI) and has historically been
reported in patients with liver disease or in cases of
environmental Mn exposure (15). Increased MRI signal
intensity has also been found in hypermanganesemic
PN patients, some with, and some without neurologic
symptoms, and some with and some without cholesta-
sis (10,11,17–21). The intensity of brain MRI declines
after five months or more of discontinuation of Mn sup-
plementation (10), and, based on limited data, toxicity
symptoms should alleviate within a period ranging
from several days to several months (17,19,21). 

Whole blood Mn can elevate and decline within
three months of provision and withdrawal of Mn sup-
plementation (10). Whole blood Mn is a more accurate
indicator of tissue levels than serum or plasma Mn
(9,10,12). Erythrocyte Mn may be the most accurate
indicator of tissue concentrations (11), but it is not

available, or routine, at most medical labs, while the
whole blood Mn test is more widely available. 

SELENIUM (Se)
Se deficiency is well documented in patients on long-
term PN without added Se. In a review of literature,
Yusef found eight cases of cardiomyopathy and six
cases of skeletal myopathy reported from 1979–1998
caused by deficiency of Se in patients on PN (22).
Clinical deficiency has been found after three months
to two years or longer (4,22,23). In a recent case, car-
diomyopathy and undetectable blood Se was reported
in a man after receiving PN for three months with no
added Se (22). The patient’s clinical symptoms of con-
gestive heart failure subsided and echocardiograph
showed normal ventricle size after receiving 150 mcg
of Se per day for several weeks. In another recent
report, a woman with Crohn’s disease on long-term PN
had whitened nail beds, muscle weakness, and macro-
cytosis along with undetectable plasma Se. Her symp-
toms reversed after several weeks of supplementation
with Se, although plasma Se did not change (23).

(continued on page 54)

Table 3 
Parenteral Iron Products 

Adult IV Dosage and Administration* Maximum daily dose Drug name
Product (mg of elemental iron) (mg of elemental iron) Manufacturer and Website

Iron dextran Test dose of 0.5 mL (25 mg) followed Undiluted: 2 mL (100 mg)a InFeD, Watson Pharma, Inc. 
by 1 hour observationa www.watsonpharma.com
Undiluted: 1mL/min, (≤50 mg/min)a, DexFerrum, 
or 500–1000 mg diluted in 250–1000 mL American Regent Inc.
normal saline over 4–6 hoursb www.americanregent.com

Iron sucrose Undiluted: 1mL/min (20 mg/min), over 5 mL (100 mg) Venofer 
5 minutes, or 5 mL (100 mg) diluted in 1–3 times per Weeka American Regent, Inc.
100 mL 0.9% NaCl infused over 15 mina www.americanregent.com

Sodium ferric Undiluted: 1 mL/min (12.5 mg/min), 10 mL (125 mg)a Ferrlecit
gluconate or 10 mL (125 mg) diluted in 100 mL Watson Pharma, Inc.

0.9% NaCl infused over 1 houra www.watsonpharma.com

*Do not mix with other medications or parenteral nutrition solutions
a Drug Facts & Comparisons, Physician’s desk reference, and Manufacturer information
b Kumpf (36)
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Selenium toxicity has been known to occur in
areas of high Se soil content (6), but has not been
reported in PN patients. Selenium contamination in PN
is relatively low, with approximately 21 micrograms
per 2 L (16). Se excretion is primarily in urine (5).
Some Se may also be lost in intestinal secretions (2).  

Plasma or serum glutathione peroxidase activity is
correlated with plasma or serum Se; both are good indi-
cators to rule out Se deficiency (6,24–26). However the
activities of these enzymes are not accurate in ruling out
toxicity, as they do not continue to increase with addi-
tional Se intake after nutrition requirements are met (6).
Erythrocyte Se and erythrocyte glutathione peroxidase
activity are indicators of current Se status (24,26), but
can stay within normal range up to three and six months
respectively, while patients are deficient in Se intake.
(26). Serum or plasma Se declines more quickly than
does erythrocyte Se, thus are better indicators of recent
Se intake or deficiency (24,26). For patients who have
had small bowel resection, inflammatory bowel disease
or other intestinal disorders, Se levels should be checked
prior to starting PN, and every three months if defi-
ciency is found, as they are likely to be depleted in Se
due to poor nutrient absorption (24,25).

ZINC (Zn)
Zn deficiency has been reported in patients on PN
without added Zn, with subsequent alleviation of
symptoms after Zn supplementation (4). Zn deficiency
symptoms include impaired taste and smell, skin
lesions, alopecia, glossitis, stomatitis, mental depres-
sion, diarrhea and depressed immune function. (2–4).
Skin lesions can occur after six months of PN without
added Zn (4). Zinc deficiency is more common in
patients with increased losses from pancreatic or
intestinal fluids, which are main routes of Zn excre-
tion, thus patients may be Zn deficient prior to starting
PN (4,27). Wolman, et al measured the amount of Zn
in stool and ostomy output, and studied Zn balance in
patients on PN with no oral intake. Zn balance was
achieved with only 3 mg/day of supplemental Zn in
patients without excessive stool or ostomy output.
Wolman estimated that positive Zn balance could be
achieved by the addition of 17 mg Zn per Kg of
ileostomy or stool output in patients with intact small

bowel, and 12 mg Zn per Kg of fluid secreted from a
proximal small bowel fistula or duodeno- or jejuno-
colostomy (27). Based on the Wolman study, the addi-
tion of higher amounts of Zn in PN for patients with
consistent excessive losses of GI fluids has been rec-
ommended. At UVAHS, we typically add only 5–15
mg of Zn in addition to the maintenance amount of 5
mg per day and have not seen deficiency symptoms. 

Zn toxicity in PN patients with appropriate Zn
content has not been reported. Zn toxicity associated
with elevated blood amylase levels after inadvertent
Zn overdose in PN has been reported in one study of 7
patients (28). The total parenteral Zn intake in that
study was estimated at approximately 50–75 mg per
day (28). Zn contamination in PN is small, approxi-
mately, 1.1 mg per 2 L (16). Serum or plasma Zn lev-
els are not good indicators of Zn status, as the major-
ity of body Zn is in muscle, skeleton, and liver (4,29).
During septic episodes, plasma Zn will be low as it is
sequestered by the liver. It will also be low in patients
with hypoalbuminemia, as it is primarily bound to
albumin and alpha-2 macroglobulin in the blood (2).

CHROMIUM (Cr)
Three cases of Cr deficiency have been reported in
patients on PN without added Cr (4,30). Symptoms
included insulin resistance, hyperglycemia, neuropa-
thy, and encephalopathy. Cr deficiency symptoms have
been found after as little as five months and up to three
years on PN, and were corrected with Cr supplementa-
tion (4,30).

Trivalent Cr, the nutritionally relevant form, is pre-
sent as a significant contaminant in PN solutions, pri-
marily from amino acid solutions and phosphate salts.
Lipids may also contribute, depending upon the manu-
facturer and amount used (30,31). PN solutions have
been reported to contain contaminant Cr in amounts of
15 mcg per 2 L, and as 2.4–8.1 mcg per day. (16,30).

Elevated serum Cr levels have been reported in PN
patients, but there are no known reports of Cr toxicity
symptoms (4,25,30,31). In one case, serum Cr was ele-
vated to >20 times normal after one year of PN in an
adult patient with normal renal function (25). Leung
reported elevated serum Cr in 94% of their hospitalized

(continued from page 52)

(continued on page 56)



PRACTICAL GASTROENTEROLOGY • MARCH 200556

NUTRITION ISSUES IN GASTROENTEROLOGY, SERIES #25

Trace Element Monitoring

PN patients, 50% of which had levels over ten times
normal (31). Since Cr is excreted in the urine (4,5), it
makes sense that patients with renal failure may require
restriction of parenteral Cr intake, and monitoring, yet
there is no clear evidence to support this practice.

Plasma and serum Cr are not ideal clinical indica-
tors of Cr status. Normal Cr levels are measured in
very small amounts, near detection limits, and contam-
ination of samples can alter results (2,5). Because of
contaminant Cr, daily addition of Cr in PN might not
be needed, but is still recommended until there is more
evidence that contaminant amounts consistently meet
requirements (3, 30). Additional studies are needed to
determine a reliable clinical indicator of Cr status, the
effects of prolonged elevated blood Cr levels and how
much Cr should be supplemented in PN. (2,3,5,30).

COPPER (Cu)
Copper toxicity resulting in liver damage has been
reported in patients with Wilson’s disease and other
genetic disorders of copper metabolism, and in one per-
son who consumed large amounts of oral Cu (5), but it
has not been reported in PN patients (4). Even so, some
practitioners avoid the use of Cu in patients with
cholestatic liver disease, as toxicity is a potential risk.
About 80% of parenteral Cu is excreted in bile and 20%
in urine (4). Cu contamination in PN is minimal;

approximately 82 micrograms (0.082 mg) per 2 L (16).
Based on limited data, it is reasonable to decrease the
amount of Cu in PN for cholestatic patients, and moni-
tor for Cu deficiency in patients with prolonged exces-
sive GI losses. Shike, et al estimated parenteral Cu
needs to be 0.3 mg per day for patients without exces-
sive stool or GI output, 0.4–0.5 mg/d if GI secretions
are greater than 300 g/d, and as low as 0.15 mg/d for
patients with liver dysfunction (32). It is worth noting
that current combination trace element additives con-
tain over twice the requirement of Cu (Tables 1 and 2).

Copper deficiency in PN patients has been docu-
mented in at least 14 case reports, with deficiency
apparent after one to 30 months of PN (33). Both
serum Cu and ceruloplasmin levels decline, and symp-
toms include leukopenia, neutropenia, hypochromic
anemia that is not responsive to iron supplementation,
and in some cases, thrombocytopenia (4,32–34).
According to two recent case reports, in which Cu was
removed from PN because of significant cholestasis (t
bili 10.9 and 19.0), severe Cu deficiency symptoms
can occur within 2–15 months (33,34). Based on these
two recent cases, symptom improvement and normal-
ization of Cu levels can be expected after one to six
weeks of Cu supplementation (33,34). 

Serum copper is 60–95% bound to ceruloplasmin
(5). Both serum Cu and ceruloplasmin are reliable indi-

(continued from page 54)
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Table 4 
University of Virginia Health System 
Trace Element Monitoring Guidelines for Long-Term PN

6 to 12 months (if deficiency 
Trace Element Baseline (if appropriate) 3 months or toxicity suspected) Lab Test

Manganese X (t bili ≥3.5) X* Whole Blood
Selenium X (excess GI loss) X serum
Zinc X (excess GI loss) X serum
Chromium ? serum
Copper X (tbili ≥3.5 serum
Ferritin X X serum
Iron** X (if ferritin low) serum

*Check Manganese every month if total bilirubin >3.5.
**Hgb and Hct are monitored every 1–4 weeks.
Used with permission from the University of Virginia Health System Nutrition Support Traineeship Syllabus (49).
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cators of Cu deficiency, but not so for toxicity. Supple-
mentation with Cu above requirements should not
increase serum Cu or ceruloplasmin (5), however, when
copper is elevated in cholestatic patients, it is typically
removed from PN solutions and monitored, as the main
route of copper excretion is in bile. As an acute phase
reactant, ceruloplasmin will increase with liver disease,
malignancy, inflammatory states, and infection, so ele-
vation in ceruloplasmin or serum Cu does not necessar-
ily rule out deficiency (4,5). Serum Cu may be more reli-
able than ceruloplasmin for detecting deficiency (34). 

IRON (Fe)
Fe deficiency has been reported in long-term PN
patients after only two months, yet some patients do
not show signs of deficiency for up to a year or longer
(35). Menstruating women, and patients with blood
loss (wounds, GI bleeding, lab draws), will be more
prone to developing Fe deficiency. A typical home
patient will get labs drawn every week at a “cost” of
~10–20 mL of blood.
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Table 5 
Trace Element Deficiency and Toxicity Symptoms in Adults (2,5,6,32,48)

Trace Element Deficiency Toxicity

Manganese Impaired metabolism of carbohydrate and Extrapyramidal neurologic symptoms: headache, tremor, 
lipid, dermatitis, impaired protein synthesis, facial nerve deficit, gait disturbance. Hyperintensity of 
weight loss. (has not been reported in signals on brain magnetic resonance images in basal 
PN patients). ganglia.

Selenium Cardiomyopathy, skeletal myopathy, Alopecia, brittle hair and nails, skin rash, GI disturbance, 
myalgias, myositis, impaired cellular “garlic” breath odor, nervous system abnormalities. 
immunity, discoloration of nails.

Zinc Dermatitis, alopecia, anorexia, reduced Anemia, hyperamylasemia, fever, central nervous 
taste sensitivity, impaired immune function, system dysfunction in renal patients; deficiency of Cu 
impaired wound healing, glucose intolerance. (enteral Zn interferes with Cu absorption).

Chromium Glucose intolerance, hyperlipidemia, No known toxicity of Cr3+ (trivalent form). Has not been 
peripheral neuropathy, encephalopathy reported in PN patients. 

Copper Hypochromic, microcytic anemia, leukopenia, Accumulation in liver, hepatocellular damage. 
neutropenia, skeletal abnormalities, and 
rarely, thrombocytopenia.

Iron Hypochromic microcytic anemia, pallor, Hemosiderosis, hemochromatosis, accumulation in liver 
fatigue, decreased work performance. and heart, some endocrine tissues; iron toxicity can 

be fatal.

Molybdenum Tachycardia, tachypnea, headache, night Limited toxicity data for humans. Possible gout (high
blindness, lethargy. incidence in areas where soil is high in Mo), and possible

excessive urinary copper excretion.

Iodine Hypothyroidism – weakness, cold intolerance, Thyroiditis, goiter, hypo- or hyperthyroidism, thyroid 
weight gain, thinning hair, goiter (thyroid papillary cancer, dermatoses (iodermia). 
enlargement). 
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Iron is not a routine additive in PN solutions for
several reasons. Body stores of iron are generally suf-
ficient if PN is needed for less than six months (3,4).
Iron dextran, the most commonly used form of par-
enteral Fe in the United States, has been associated
with life-threatening anaphylactic reactions, with
actual risk estimated at 0.6–0.7% (36). Trivalent iron
(iron dextran) can cause lipid emulsions to destabilize
and separate, thus it cannot be used in “3 in 1” solu-
tions, commonly used in home care (8,37). Parenteral
iron can potentially lead to iron toxicity, as it bypasses
the primary mechanism for homeostasis (the intestinal
mucosa) (36). Parenteral iron should not be used in
patients with infection, as it may promote growth of
bacteria and compromise host immune function (36). 

Any PN dependent patient with a functional stom-
ach and duodenum can be treated with oral or enteral
iron. Efforts should be taken to enhance iron absorption
by having the patient take it with a vitamin C source,
and at the same time, avoid inhibitors of absorption such
as tea, bran, and foods that contain phytates (cereals,
nuts, legumes). Taking iron in small doses along with
food—if the patient can tolerate, will help to minimize
a possible side effect of nausea. The ferrous form of iron
is more readily absorbed. In this author’s experience,
serum ferritin levels have been maintained within nor-
mal range for over a year in PN dependent patients who
tolerated small amounts of oral nutrition; one without,
and three with, the use of oral iron supplements. 

Intravenous iron, available as iron-dextran, iron-
sucrose, or sodium ferric gluconate, can be adminis-
tered in one or more doses if the patient does not
respond to oral iron therapy (Table 3) (36,38). For
patients with iron deficiency anemia, the Fe replace-
ment dose in milligrams can be calculated (36): 

0.3 × Wt × (100 – [actual Hgb × 100/desired Hgb])
Wt in pounds. Hgb in g/dL  

Iron dextran can be added to non-lipid containing
PN in small amounts of 10 mg per day temporarily; or
10 mg per week, or 25–50 mg per month for mainte-
nance, but is actually not recommended by the manu-
facturers of IV iron products (8,35,36,39). There is no
data to determine if iron sucrose or sodium ferric glu-
conate can be added to PN solutions, and manufactur-
ers do not recommend it (8, 39). 

Serum ferritin levels can be used to evaluate defi-
ciency, but because ferritin levels rise in patients with
malignancy, infection and other inflammatory condi-
tions, a high ferritin level does not always indicate
adequate iron stores (36).

MOLYBDENUM (Mo) AND IODINE (I)
Molybdenum (Mo) and Iodine (I) are not routinely
supplemented in long-term PN, and parenteral require-
ments have not been established (4). The daily oral
requirements are 45 mcg of Mo, and 150 mcg of I (5).
Iodine deficiency would be expected to produce symp-
toms of hypothyroidism (2), and has not been reported
in adult PN patients (4). Mo deficiency, as evidenced
by biochemical abnormalities including elevated
plasma methionine and low serum uric acid has been
reported in one patient after 12 months of PN (40).
Blood Mo levels were not measured. The patient had
defects in sulfur amino acid metabolism, and in the
breakdown of purines and pyrimidines; reactions that
are catalyzed by the Mo-containing enzymes, sulfite
and xanthine oxidase. (40,41). Symptoms included
tachycardia, tachypnea, headache, nausea, vomiting,
vision problems and coma. Symptoms subsided and
biochemical abnormalities improved after treatment
with 300 mcg ammonium molybdate per day (40).
Because deficiency of Mo and I are rare or nonexistent
in adult PN patients, it is likely that they may be pre-
sent as contaminants in PN solutions (4). Toxicity of
Mo and I in PN patients has not been reported. Little is
known about the usefulness of plasma or serum Mo
measurements as a marker of Mo status (5).

ALUMINUM (Al) 
Aluminum is an undesired contaminant of all compo-
nents of PN solutions, measured in one study as 428
mcg per 2L, but with variable content depending on
manufacturer and batch (16,42,43). Parenteral Al has
been implicated in the development of metabolic bone
disease, neurologic disease, encephalopathy in dialysis
patients, cholestasis, and microcytic anemia. Because
parenteral Al is excreted in urine, Al toxicity is more
likely in patients with impaired renal function, and in
neonates, yet all patients on PN may be at risk
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Table 6 
Considerations for Monitoring Selected Trace Elements in Patients on Long-Term PN 

Manganese (Mn)
• Check whole blood Mn every 3 months, and every month for those with total bilirubin >3.5. Use erythrocyte Mn if the test is available. 
• If whole blood Mn levels are elevated, or if Mn toxicity symptoms are present, remove Mn by adding trace elements as individual

components. 
• If Mn levels decline below normal, resume use of a standard combination trace element additive, or use separate trace element 

components and only 60–100 mcg of Mn per day. 

Selenium (Se)
• Use Se supplementation for any patient who requires PN. Find out if your hospital or home infusion provider uses a trace element 

solution that contains Se (some may use a standard additive without Se). 
• Check serum Se if deficiency is suspected or is being treated.

Zinc (Zn)
• Check serum Zn if deficiency is suspected or being treated; be aware that serum levels are not sensitive indicators of Zn status. 
• An additional 5–15 mg Zn per day may be added for patients with consistent excessive GI losses.

Chromium (Cr)
• Consider smaller doses of Cr and checking serum Cr levels for patients with renal failure. 
• If Cr has been excluded from PN, monitor for signs of deficiency. 

Copper (Cu)
• Check serum Cu if deficiency or toxicity is suspected, and every 3 months for patients with elevated total bilirubin.
• If serum Cu levels are elevated in patients with cholestasis, decrease or temporarily omit Cu from PN.
• If Cu has been excluded from PN, recheck Cu levels monthly, while observing for signs of deficiency. 
• Be aware that Cu levels can be elevated with ceruloplasmin in certain conditions, so it does not always detect deficiency or toxicity.

Iron (Fe)
• Check serum ferritin levels every 3 months and monitor for deficiency symptoms. 
• Serum ferritin levels rise in patients with malignancy, infection and other inflammatory conditions, thus a high ferritin level does not

always indicate adequate iron stores.
• Rule out other conditions, such as anemia of chronic disease, or deficiencies of copper or vitamin B12.
• For iron deficient patients in whom oral Fe therapy is ineffective, provide IV iron in an infusion clinic. 
• If iron dextran is used, give a 25 mg test dose (0.5 mL) followed by a period of one hour of observation for anaphylactic reactions

prior to administering the intended replacement dose; and if a reaction occurs, use a different Fe source.
• Administration of IV iron is not recommended during infection. 

Molybdenum (Mo) and Iodone (I)
• Consider checking serum or plasma Mo levels if deficiency symptoms are identified, but note that reliability of this test is not proven.

Other biochemical abnormalities such as elevated plasma methionine may be more indicative of Mo deficiency.
• If iodine deficiency is suspected, evaluate thyroid function.
• If deficiency symptoms are identified, supplementation of Mo or I may be indicated.

Aluminum (Al)
• Make an effort to limit Al content of formulas by use of current Al content labeling, and use of sodium phosphate instead of 

potassium phosphate salts. 
• Although calcium chloride is lower in Al than is calcium gluconate, it is not recommended, as Ca chloride will increase risk of 

Ca phosphate precipitation in PN.

Used with permission from the University of Virginia Health System Nutrition Support Traineeship Syllabus (49).
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(25,43,44). In one case, a 74-year-old man with normal
renal function had elevated plasma Al within two
weeks of starting PN, and further increases during the
next six months (25).

In full PN admixtures, the highest contributors of
Al are calcium gluconate and phosphate salts. Amino
acid solutions, although relatively low in contaminant
Al, are significant sources because of the larger vol-
ume used in the final solution. (42,43). Besides being
present in all of the component materials used in PN,
Al leaches out of glass containers in which parenteral
solutions are autoclaved and stored (45,46). 

The Food and Drug Administration (FDA) has
recently mandated a warning statement and labeling
requirements for parenteral products, which took
effect July 2004. The warning on parenteral solution
labels states that Al intake greater than 4–5 mcg/Kg
per day for patients with impaired kidney function or
premature neonates can cause accumulation of Al
associated with central nervous system and bone toxi-
city. Al content must be listed on labels for small vol-
ume (≤100 mL) parenteral products, and a limit of 25
mcg Al per L is specified for large volume (≥100 mL)
parenteral solutions (44). 

CONSIDERATIONS FOR TRACE 
ELEMENT MONITORING 
Periodic physical examinations should include evalua-
tion for symptoms of trace element toxicities or defi-
ciencies. Home health nurses, patients, and caregivers
can be helpful in identification of abnormal symptoms,
and in estimating amounts of ostomy, fistula or stool
output in the home setting. Questions of this type
should be asked during visits and telephone calls. 

To avoid contamination, special tube and stopper
types are needed for some of the trace element tests,
and use of powder-free gloves may be required when
drawing blood (47). Different labs will have different
specifications for each test. Check with your laboratory,
and place instructions with the orders to prevent waste.
Write clearly and legibly to avoid misunderstanding.
Nurses, phlebotomists, and even laboratory personnel
may be unfamiliar with trace elements. We have had to
reorder whole blood manganese several times because
repeat magnesium tests were done. To help assure that

correct procedures are followed to maintain test valid-
ity, specimens for trace element tests can be drawn in a
laboratory or clinic when possible. Some trace element
tests will be sent out to other labs, so it may take two
weeks or longer to receive results. 

SUMMARY
The available literature on trace element nutrition has
lead to the development of guidelines for monitoring
and treatment for long-term adult patients who rely on
PN. Practical guidelines for monitoring and therapy
for each trace element are listed in Table 6. These
guidelines are based on the limited literature available
and clinical experience. Information about products,
parenteral requirements and dosages, the risks and
symptoms of deficiencies and toxicities, and the use-
fulness of laboratory tests can help to optimize care for
patients who rely on long-term PN. �
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