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Abstract

Background: the administration of aluminum-contaminated parenteral nutrition (PN) leads to an accumulation of aluminum. The aim of this
study was to assess blood aluminum concentrations (BACs) of inpatients receiving multichamber-bag (MCB) PN compared to those receiving
compounded PN.

Methods: available BACs were retrospectively gathered from patient charts of adult inpatients receiving PN from 2015 to 2020, and compared
depending on the type of PN administered. Long-term PN patients, defined as > 20 days of PN, receiving at least > 10 days of compounded PN,
were compared to long-term patients receiving only MCB.

Results: a total of 160 BACs were available from 110 patients. No differences were found according to type of PN (mean BAC: 3.11 + 2.75 for
MCB versus 3.58 + 2.08 pg/L for compounded PN). Baseline total bilirubin, surgery and days with PN were related to higher BACs (coefficient:
0.30 [95 % Cl, 0.18-0.42],1.29 [95 % CI, 0.52-2.07], and 0.06 [95 % Cl: 0.01-0.11], respectively). Regarding long-term PN, patients receiving
only MCB (n = 21) showed lower BACs compared to the compounded PN (n = 17) [2.99 + 1.55 versus 4.35 + 2.17 pg/L, respectively; p < 0.05].

Conclusions: although there were no differences in BAC according to type of PN administered, in long-term PN, MCB PN was associated with
lower BACs as compared to compounded PN.

Resumen

Antecedentes: la administracion de nutricion parenteral (NP) contaminada con aluminio conduce a su acumulacion. El objetivo de este estudio fue
evaluar las concentraciones de aluminio en sangre (CAS) en pacientes hospitalizados que recibieron NP elaboradas en el hospital o bolsas tricamerales.

Métodos: se recogieron retrospectivamente las CAS disponibles de los pacientes hospitalizados con NP durante el periodo entre 2015y 2020,
comparandose los valores en funcion del tipo de NP administrada. Se comparan igualmente los valores de pacientes de larga duracion, definida
como > 20 dias de NP, que recibieron al menos > 10 dias de NP elaborada frente aquellos de larga duracion que recibieron solo NP tricameral.

Resultados: se incluyeron un total de 160 CAS de 110 pacientes. No se encontraron diferencias con respecto al tipo de NP (CAS media: 3,11
+ 2,75 para la tricameral frente a 3,58 + 2,08 pg/L para la elaborada). La bilirrubina total basal, la cirugia y los dias con NP se relacionaron con
un mayor valor de CAS (coeficiente: 0,30 [IC 95 %: 0,18-0,42], 1,29 [IC 95 %: 0,52-2,07] y 0,06 [IC 95 %: 0,01-0,11], respectivamente). En la
NP a largo plazo, los pacientes que recibieron solo NP tricameral (n = 21) mostraron una CAS menor en comparacion con el grupo que recibio
al menos 10 NP elaboradas (n = 17) [2,99 + 1,55 versus 4,35 + 2,17 pg/L, respectivamente; p < 0,05].

Conclusiones: aunque no hubo diferencias de CAS con respecto al tipo de NP administrada, en la NP a largo plazo, la administracion de NP
tricameral se asocid con CAS menores en comparacion con la NP elaborada.
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INTRODUCTION

Aluminum contamination in parenteral nutrition (PN) solutions
has been documented for decades. This can result in elevated
blood aluminum, neurotoxicity, reduced bone mass and liver tox-
icity (1-3). Efforts have been made to reduce aluminum content
in PN (1,4-6) particularly in the United States, where series of
sills (toxic limit, upper safe limit and unsafe limit) for aluminum
intake for patients on long PN have been determined.

The typical additives used in PN compounding have some de-
gree of aluminum contamination. Multivitamins, trace elements,
calcium, and phosphate salts all contain appreciable amounts
of aluminum (4-6). The degree of aluminum contamination in a
parenteral additive can be influenced by several factors, such as
source of raw material and container design. Glass containers
have notably more aluminum contamination than plastic ones.
Data available related to calcium solutions used for PN suggested
that glass-packaged calcium gluconate should be avoided as a
component of PN solutions, and plastic-packaged calcium gluco-
nate should be used instead, since higher amounts of aluminum
contamination have been found in glass containers of calcium
(4,5). Therefore, lower amounts of aluminum could be expect-
ed to be received by patients with multichamber-bag (MCB) PN
compared to those with compounded PN, since MCB PN is a
plastic-packaged PN. A retrospective study was performed to as-
sess aluminum blood concentrations of patients receiving MCB
PN compared to those receiving compounded PN.

The main objective of this study was to compare aluminum
blood concentration according to type of PN administered, MCB
or compounded PN. The secondary objectives were to analyze
whether aluminum blood concentration may affect other biologi-
cal functions such as liver and renal parameters, surgery, or ad-
mission to the intensive care unit (ICU).

METHODS

All hospitalized patients with PN, during the study period be-
tween 2015 and 2020, were eligible for participation in this ret-
rospective study. Inclusion criteria for patients with PN were as
follows: age > 18 years and a blood aluminum measured as part
of routine clinical monitoring during the hospitalization period.
Exclusion criteria were as follows: patients under home PN ther-
apy, and patients who had never had blood aluminum concen-
tration measured.

The patients were identified from the pharmacy records of all
patients to whom PN was dispensed. Anthropometric and clinical
parameters, as well as indication, duration, type and amounts of
PN, were collected from the pharmacy, medical, and nursing re-
cords. In addition to demographic, clinical and nutritional factors,
data were collected on blood aluminum; renal and liver parame-
ters were analyzed on the same day blood aluminum concentra-
tion was measured, as well as at baseline (start of PN). Eligible
aluminum blood concentrations were those obtained during the
PN and hospitalization period.
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The PN formulations were either prescribed individually or as
MCBs based on each individual patient’s clinical condition and
nutrition needs, maintaining the current clinical practice within
the hospital (10). Following usual hospital practice, PN was pre-
pared as “all-in-one” admixtures containing amino acids, glucose,
lipid emulsion, electrolytes, vitamins, and trace elements. PN
bags were administered in a 24-hour perfusion through central
catheters or peripheral lines. Blood samples for aluminum deter-
mination were taken according to the hospital protocol for routine
blood biochemistry determinations in hospitalized patients (at 7
a.m. during PN administration). PN was not stopped because of
a blood draw. Indication for aluminum determination was at the
discretion of the clinician in charge. For aluminum determination,
blood samples were diluted 1:40 in 1 % nitric acid, and alu-
minum was measured using inductively coupled plasma-mass
spectrometry (Nexion 350X instrument; PerkinElmer, MA, USA)
with scandium as internal standard. The method was validated
according to the European Medicines Agency (EMA) guidelines.
Aluminum control material was obtained from ClinCheck® Rec-
ipe (Chemicals & Instruments GmbH, Munich, Germany) in line
with the German Medical Association on Quality Assurance. The
accuracy and precision of the method were verified using the fol-
lowing certified reference material for calibration: Multi-element
Calibration Standard 3 PerkinElmer® (certified by EURACHEM ISO
17025). The limit of qualification was 1.48 pg/L, determined ac-
cording to the EURACHEM guidelines, whereas linearity was from
1.5 t0 250 pg/L.

In order to control and analyze factors that might affect alu-
minum blood concentration the following parameters were also
collected: type of PN administered during sample extraction, liv-
er (alanine aminotransferase [ALT], aspartate aminotransferase
[ASP], alkaline phosphatase [AP], gamma-glutamyltransferase
[GGT]) and renal parameters, number and type of PN previously
administered during the hospitalization, renal replacement ther-
apy (RRT), presence of hyperbilirubinemia (defined as total bil-
irubin > 1.2 mg/dL), patient admitted to ICU and prior surgery
during the same hospitalization period. Since ICU and surgery
patients would be more likely to receive intravenous solutions,
such as albumin and heparin (intravenous drugs with a higher
probability of aluminum contamination), we chose these vari-
ables in order to control possible bias (1-3). Total bilirubin, liver
and renal impairment were chosen because of their known re-
lationship with aluminum contaminated intravenous administra-
tion (7-9). Samples were classified depending on the type of PN
that was being administered while a sample for blood aluminum
determination was drawn. Oral or enteral intake was not taken
into account since aluminum is not expected to be absorbed by
digestive route (1).

A second analysis was performed for long-term PN, defined as
> 20 days of PN. Since the PN protocol of our hospital promotes
the use of standard MCB (10), very few patients receive only
compounded PN during hospitalization. Therefore, in order to
compare the effect of long PN on blood aluminum concentration
according to type of PN in hospitalized patients, the results of
patients with at least 20 days of PN were compared as follows:
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) compounded group (patients receiving > 10 days of com-
pounded PNy, versus Il) MCB group (patients receiving only MCB).
The research protocol was authorized by the Ethics Committee of
the Hospital, without the need for informed consent from patients
due to the retrospective nature of the study.

The MCBs used were as follows: Olimel® N9 formulations
(Baxter Healthcare Corporation, Deerfield, IL, USA) with electro-
lytes; Smofkabiven® formulations (Fresenius-Kabi, Bad Homburg,
Germany) with and without electrolytes; Nutriflex® Lipid Special
(B. Braun Medical city, Melsungen, Germany) with and without
electrolytes, and Omegaflex® (B. Braun) with electrolytes. The
macronutrient and electrolyte products used to prepare COBs
were as follows: amino acids (Aminoplasmal-PO® [B. Braun
Medical]); lipids (Smoflipid®, [Fresenius-Kabi]; and glucose
(glucose 70 % 500 mL [Baxter]); water 500, 100, and 10 mL
(Grifols); polyelectrolyte solution (polyelectrolyte solution for PN
[Braun] 50 mL); potassium chloride 2M (5 mL, B. Braun Medical;
50 mL, Farmacia Carreras, Barcelona, Spain); magnesium sul-
phate 15 % 10 mL (10 mL, Genfarma, Toledo, Spain; 50 mL,
Farmacia Carreras); calcium gluconate 10 % (10 mL, Suplecal®,
B. Braun Medical; 50 mL, Farmacia Carreras); sodium acetate
1M (10 mL, B. Braun Medical; 50, mL Farmacia Carreras); so-
dium chloride 20 % (10 mL, B. Braun Medical; 500 mL, Grifols);
and potassium acetate 1M 10 mL (B. Braun Medical). The vita-
min and trace element products used for all PN in the study were
Cernevit® (Baxter) and Addamel® (Fresenius-Kabi), respectively.

Descriptive statistics were carried out using frequency tables
for all the variables. For continuous variables, descriptive statis-
tics (mean = standard deviation [SD]). For categorical variables,
grouped percentages were used. Baseline characteristics and
aluminum concentration of patients who received MCB PN
and those who received compounding PN were compared us-
ing Student’s t-test and Mann Whitney test in the event of an
abnormal distribution, and chi-square test or Fisher exact test
for categorical variables. To determine the relationship between

the factors that might affect the aluminum blood concentrations
univariate linear regressions were performed, with the factors
assessed as independent variables and the aluminum blood con-
centration as a dependent variable. The clinical factors studied as
independent variables were included in multiple-step regression
models when they reached a significant level of p < 0.1. Multiple
linear regression was applied to determine the factors studied
which are associated with aluminum blood concentration. All
statistical analyses were performed with Stata software, release
13.0 (Stata Corporation, Texas, USA); and statistical significance
is setat p < 0.05.

RESULTS

A total of 160 blood aluminum concentrations were available
from 110 patients with PN during the study period. There was no
difference in baseline characteristics between patients receiv-
ing MCBs of compounded PN, except for baseline AST and ALT
(Table I). A total of 110 samples (68.8 %) were obtained during
MCB administration and 41 samples (25.6 %) during the com-
pounded PN administration. In addition, 9 samples (5.6 %) were
obtained after the end of PN (mean days after the end of PN,
1.5 + 0.6). No differences were found in blood aluminum con-
centration according to the type of PN administered (3.11 =
2.75 pg/L for MCB vs. 3.58 + 2.08 pg/L for compounded PN).
Characteristics of all samples’ values are presented in table Il.
Patients with RRT, surgery, baseline total bilirubin and hyper-
bilirubinemia showed higher blood aluminum concentrations
(Table Nl). Likewise, there was also a positive relationship between
the number of compounded PN received and blood aluminum con-
centration (coefficient B, 0.05 [95 % Cl: 0.001 to 0.100]). The result
from the multiple linear regression analysis showed that initial total
bilirubin, surgery and number of PN bags administered were associ-
ated with blood aluminum concentration (Table 1V).

Table I. Patient and PN baseline characteristics

Variables All Compounded MCB PN After end PN
(n = 160) PN (n = 41) (n =110) (n=9)
Age (years) 59.3 (14.5) 55.9 (16.9) 60.5 (13.5) 60.7 (12.9)
Male [% (n)] 50.6 (81) 53.7 (22) 47.3 (52) 77.8 (7)
Bilirubin (mg/dL) 1.98 (3.20) 1.46 (1.27) 2.20 (3.77) 1.95 (1.90)
GGT (UL) 154.5(212.1) 136.6 (152.2) 169.0 (235.1) 57.3(12.1)
AP (UL 146.7 (153.5) 136.9 (132.0) 155.4 (165.3) 90.7 (60.1)
AST (UL 73.4(233.7) 147.9 (438.8) 47.7 (718.3) 49.0 (29.3)
ALT (UL 58.2 (150.0) 102.6 (279.0) 42.0 (3.9 55.1 (67.3)
Hyperbilirubinemia [% ()] 36.6 (49) 39.0 (14) 35.2(32) 42.9(3)
Serum creatinine (mg/dL) 1.41 (1.16) 1.57 (1.40) 1.33 (1.08) 1.61 (0.75)

Data are presented as % (n) for categorical variables and as mean (SD) for continuous variables. *p < 0.05 for significant differences between the compounded
and MCB groups. GGT: gamma-glutamyltransferase; AP: alkaline phosphatase; ASP: aspartate aminotransferase; ALT: alanine aminotransferase.

[Nutr Hosp 2023;40(3):469-475]
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Table Il. Sample and clinical characteristics

D. Berlana et al.

Variables All Compounded MCB PN After end PN
(n = 160) PN (n = 41) (n =110) (n=9)
Blood aluminum concentration (ug/L) 3.19 (2.56) 3.58 (2.08) 3.11(2.75) 2.49 (2.06)
Compounded PN administered (n) .9(8.1) 12.2 (10.7) 1.1 4.4 0.0 (0.0
MCB administered () 15.1 (18.5) 20.2 (18.1) 13.3 (19.1)* 14.2 (7.4)
Total PN administered () 19.0 (23.1) 32.4(25.4) 14.3 (21.2)* 14.2 (7.4)
Bilirubin (mg/dL) 1.90 (3.87) 2.17 (3.15) 1.86 (4.26) 1.10 (0.88)*
GGT (UL 324.8 (335.6) 437.1 (265.6) 286.2 (357.2)* 284.6 (246.8)
AP (U/L) 242.3 (179.0) 344.8 (182.3) 208.0 (166.8)* 194.3 (136.5)
AST (U/L) 57.4 (70.6) 78.4(92.2) 50.6 (62.1) 441 (33.2)
ALT (U/L) 59.1 (83.5) 72.4 (110.0) 54.4 (73.2) 54.8 (62.0)
Serum creatinine (mg/dL) 1.05 (0.84) 1.21 (0.94) 1.02 (0.83) 0.97 (0.59)
RRT [% (n)] 18.8 (30) 22.0(9) 18.2 (20) 111 (1)
Surgery [% ()] 51.3(82) 51.2 (21) 50.0 (55) 66.7 (6)
Admitted to ICU [% ()] 75.0 (122) 92.7 (38) 69.1 (76)* 88.9(8)
Hyperbilirubinemia [% ()] 40.0 (65) 56.1 (23) 36.4 (40)* 222 (2)*

Data are presented as % (n) for categorical variables and as mean (SD) for continuous variables. RRT: renal replacement therapy.

Table Ill. Mean blood aluminum concentrations (ug/L) according to clinical conditions

Clinical characteristics No Yes p-value
RRT 3.01 (2.23) [130] 4.00 (3.6) [30] 0.056
Surgery 2.54 (1.92) [78] 3.82(2.92) [82] 0.001
Hyperbilirubinemia 2.87 (2.19) [95] 3.68 (2.97) [65] 0.049
Admission to ICU 2.60 (2.67) [38] 3.38 (2.51) [122] 0.100

Data are presented as mean (SD) [n]. RRT: renal replacement therapy.

Table IV. Determinants of blood aluminum level by univariate and multivariate linear regression

Clinical characteristics Univariate Multivariate
Coefficient (95 % CI) Coefficient (95 % CI)
RRT 0.99 (-0.026 to 2.006) Not included
Surgery 1.29 (0.509 to 2.062) 1.40 (0.622 to 2.171)
Hyperbilirubinemia 0.81(0.004 t0 1.617) Not included
Admitted to ICU 0.81(-0.109 to 1.727) Not included
Compounded PN administered (n) 0.05 (0.001 to 0.100) Not included
PN administered (n) 0.01 (-0.003 to 0.031) 0.02 (0.005 to 0.037)

Baseline bilirubin (mg/dL)

0.27 (0.143 t0 0.397)

0.30 (0.181 to 0.423)

Cl: confidence interval; RRT: renal replacement therapy.

Atotal of 38 samples were classified as long-term PN, defined
as > 20 days of PN: 21 samples after receiving only MCB and
17 samples were obtained after receiving at least > 10 com-
pounded PN bags. Regarding blood aluminum concentrations
in long-term PN, patients receiving only MCB showed lower
blood concentrations compared to those receiving > 10 days
of compounded PN (2.99 + 1.55 versus 4.35 = 2.17 pg/L,

p < 0.05; Tables V and VI). The univariate analysis showed no
relationship between any liver parameter and blood aluminum
concentrations. Long-term PN therapy receiving > 10 days of
compounded PN were related to higher blood aluminum con-
centrations (coefficient 1.36 [95 % CI, 0.09-2.63] for the uni-
variate analysis, and coefficient 1.22 [95 % Cl, -0.08 to 2.53]
adjusted by days of PN).
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ALUMINUM BLOOD CONCENTRATION IN ADULT PATIENTS: EFFECT OF MULTICHAMBER-BAG VERSUS 473

HOSPITAL-COMPOUNDED PARENTERAL NUTRITION

Table V. Patients and PN characteristics
for long-term aluminum determination
and classified as compounded PN

Table VI. Patients and PN characteristics
for long-term aluminum determination
classified as MCB (all PN received

(at least > 10 compounded PN received) was MCB)
All Compounded Variables MCB PN
Variables (n =38) PN (n=17)
(n =21) Age (years) 62.9 (9.6)
Age (years) 59.2 (14.7) 56.2 (17.4) Male 52.9 (9)
Male 47.4(18) 42.9(9) Serum bilirubin® (mg/dL) 1.89 (2.61)
Bilirubin® (mg/dL) 1.58 (1.84) 1.28 (0.79) GGT® (U/L) 133.2 (116.7)
GGT* (UL 1745(163.9) | 209.1(185.5) AP (U/L) 155.4 (147.7)
AP (UL) 173.3(1646) | 189.0(1814) AST (L) 324298
ALT® (UL 31.139.7)
AST® (UL) 134.8 (452.5) | 208.8 (588.7) Hyperbilirubinemia® 21409
AT U 441309 1361 (361.7) Serum creatinine® (mg/dL) 1.24(0.82)
ili i iab
Hyperb|||rub|ln(?m|a 29009 33(6) Blood aluminum concentration (ug/L) 2.99 (1.55)*
Serum creatinine® (mg/dL) 1.18(0.75) 1.18(0.73) Compounded PN administered (n) 00)
Blood aluminum concentration (ug/L) | 3.74 (2.01) 4.35(2.17) MCB administered (n) 361 (27.7)
Compounded PN administered (n) 121 (13.1) 21.4(9.6) PN administered (n) 361 (27.7)
MCB administered (n) 31.9(27.7) 28.5(27.9) Serum bilirubine (mg/dL) 0.76 (0.61)
PN administered (n) 44,0 (31.9 49.4 (33.8) GGT (U 365.4 (506.9)
Bilirubin? (mg/dL) 2.09 (6.29) 316 (8.38) AP (U) 210.3 (164.1)"
GGT* (UL 4462 (420.5) | 499.6 (330.7) AST (UIL) 34.6 (30.5)
AP (UIL) 321.6(219.4) | 407.4(215.7) AT UID) 365 (36.9)
AST (UL 455(32.9) 52.7 (33.0) RRT 118 Q)
AT (D 44.1(35.9) 49.4 (34.0) Surgery 120)
RRT 158(6) 1916 Admitted to ICU 706 (12)
Surgery 626(20) 613(13 Hyperbilitubinemia? 23.5 (4
Adm'mf'(lj toIICU _ 79030 86.7(18) Serum creatinine? (mg/dL) 0.79 (0.71)
Hyperbilirubinemia* 421 (16) 57.1(12) Data are presented as % (n) for categorical variables and as mean (SD) for
Serum creatining® (mg/dL) 0.89(0.81) 0.98(0.90) continuous variables. bBaseline parameters. aCharacteristics when sample

Data are presented as % (n) for categorical variables and as mean (SD) for
continuous variables. bBaseline parameters. aCharacteristics when sample
for aluminum determination was drawn. GGT: gamma-glutamyltransferase;
AP: alkaline phosphatase; ASP: aspartate aminotransferase; ALT: alanine
aminotransferase, RRT: renal replacement therapy.

DISCUSSION

This study found no differences in blood aluminum concentra-
tion between patients receiving MCB PN and compounded PN.
In addition, our study found that patients with longer PN therapy,
hyperbilirubinemia and surgical patients showed a positive rela-
tionship with blood aluminum concentrations. However, hospi-
talized patients with long PN therapy receiving at least 10 days
of compounded PN showed significantly higher blood aluminum
concentrations compared to those with long PN therapy receiving
only MCB PN regardless of surgery or bilirubin level, and keeping
close to a significant difference when it was adjusted by total PN
bags administered.

[Nutr Hosp 2023;40(3):469-475]

for aluminum determination was drawn. GGT: gamma-glutamyltransferase,
AP: alkaline phosphatase. ASP: aspartate aminotransferase,; ALT: alanine
aminotransferase; RRT: renal replacement therapy. *p < 0.0, significant
differences between the MCB and compounded groups.

Recent reports have shown that long-term PN patients continue
to be at risk of aluminum toxicity (3-5,11,12). There are several
factors that might influence the degree of aluminum contamination
in a PN additive. This work has studied the blood aluminum con-
centrations of patients receiving PN compounded from different
sources: MCB PN and compounded PN. Apart from the package
material of the MCB, it being plastic and not glass, fewer additions
are needed in the compounding process with MCB PN. Hence,
there is a lower probability of aluminum contamination. Long-term
PN, renal impairment and RRT, as well as PN additives with glass
containers have been related to a higher load of aluminum con-
tamination. Similarly, this work found higher aluminum concentra-
tions in patients with RRT, longer PN and PN composition with more
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PN solution additives as reported in previous studies (1-5,13).
Since the establishment of the FDA aluminum mandate research
has been conducted in order to determine whether PN compound
with more recently manufactured products fits this mandate and
whether they might affect aluminum levels in patients. This re-
search found that the main sources of aluminum contamination
were small-volume products used in the PN compounding pro-
cess (such as multivitamins, trace elements, calcium and phos-
phate salts), albumin and heparin (1-5,12). Glass containers have
more aluminum contamination than plastic. In addition, the type
of fluid packaged in glass also influences the amount of alumi-
num contamination (1-3). Furthermore, other factors that impact
the degree of aluminum contamination are storage conditions and
long expiration dates. The longer a product stays in storage, the
greater the degree of leaking aluminum from the glass vial into the
solution. Accordingly, a reduction in aluminum contamination has
been shown in calcium salt additives in plastic packaging com-
pared to those in glass containers (4,5,12). Our results agree with
the suggested idea that the MCB PN compounding process might
lead to reduced aluminum contamination since lower blood alumi-
num concentration was found in long PN patients receiving only
MCB compared to those receiving > 10 days of compounded PN.
Several points support these findings, such as that fewer additions
are needed with MCB, only multivitamins and trace elements if
no electrolytes supplementation is needed and there is no glass
contact during its storage (11).

Besides in the kidney, bones, and brain, aluminum is also ac-
cumulated in the liver. In fact, according to prior reports, accumu-
lation in the liver happens before that in bones, kidneys, and the
brain (12). In addition, it has been suggested that the contami-
nation of aluminum in PN plays a role in PN-associated liver dis-
ease (PNALD) since parenterally infused aluminum might cause
hepatic injury similar to that seen in PNALD (13-15). However,
some works failed to show similar results, indicating no increase
of liver parameters linked to parenteral aluminum administration
(16,17). In this line, our results showed that blood concentra-
tions of aluminum were not related to higher liver parameters.
Nevertheless, initial total bilirubin and hyperbilirubinemia had a
positive relationship with higher blood aluminum concentrations.
Prior studies in piglet and rat models found a relationship be-
tween elevated serum bile and hepatic aluminum concentration
in these animal models. Furthermore, piglet model studies also
found a relationship between intravenous aluminum administra-
tion and decreased microvilli in bile canaliculi (7,17). Regarding
our results related to initial total bilirubin and hyperbilirubinemia,
since aluminum can be excreted by bile, we hypothesized that
higher levels of total bilirubin may lead to impaired aluminum
elimination by bile, and therefore, to higher aluminum blood con-
centrations (1,2). However, renal excretion should be taken into
account, especially, when renal impairment is not present.

Despite this, the blood aluminum levels found might be con-
sidered to be low and within normal values. That might lead to
think that no changes in PN were made because of the aluminum
levels found. However, it should be remembered that aluminum
has no known physiological role and therefore, no human being
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would be expected to have any amount of aluminum within them.
In addition, similar blood aluminum levels have been observed in
adult patients with RRT, reporting higher mortality in patients with
blood aluminum concentrations > 6 pg/L (13). The amount of alu-
minum that can be deposited varies with age. In neonates, close
to 70 % of parenterally infused aluminum is retained, in compari-
son to 40 % in adults (2). Furthermore, blood concentrations have
been shown to decrease over a period of PN administration where
preterm neonates retained more than 50 % of the infused alu-
minum (18). However, animal mode! studies showed that despite
adult rats not accumulating as much aluminum as newborn rats,
aluminum levels in all tissues of newborn rats decreased after the
end of exposure, while it continued to increase in adult subjects
(19). The greater concern regarding aluminum toxicity is related to
intake over longer periods of time, as well as vulnerable popula-
tions such as renal impairment patients and pediatrics, especially
neonates. In light of our results, strategies to reduce aluminum
load infused in patients with PN would include the use of MCB,
especially in paediatric, but also in elder patients, renal impair-
ment, hyperbilirubinemia and long-term PN. The use of MCB can
also offer potential benefits such as lower costs, reduced time and
labor, and fewer errors in PN preparation (14,20). Several studies
have suggested that the needs of > 75 % of adult patients might
be satisfied with standard MCB PN, including home PN (7,20,21).
Moreover, currently pediatric guidelines suggested that standard
PN should generally be used over individualized PN in the majority
of pediatric and newborn patients (22).

Nevertheless, there are several limitations to this study. Eligible
patients were only those with available blood aluminum data. An-
other limitation of this study is related to the variability in timing
of measurement of blood aluminum concentrations as well as the
fact that most of the patients received both types of PN, showing
also variability in the number of compounding PN administered. This
variability detracts from the ability to draw conclusions. It is also
important to note the limitations inherent in the retrospective design
of the study, like gathering data through a chart review process as
well as the increased risk of selection bias. Moreover, since this
is a single-center study, the external validity of our results would
be limited. However, it is notable that the results presented here
are consistent with data from previous studies. Moreover, to our
knowledge this is the first study assessing the differences regarding
aluminum contamination with the administration of MCB PN. This
study may contribute to characterize the underlying mechanisms
that might affect blood aluminum concentration and the subsequent
induced toxicity, and provide a design for preventative strategies.

CONCLUSIONS

There were no differences in aluminum concentration according
to the type of PN administered — compoundedg or MCB. Higher
blood aluminum concentrations were related to PN therapy length,
renal impairment, and hyperbilirubinemia. However, in long-term PN,
the administration of MCB was associated with lower blood alumi-
num concentrations when compared to compounded PN.

[Nutr Hosp 2023;40(3):469-475]
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