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Abstract: “End of life” is a stage defined by the existence of an irreversible prognosis that ends with a
person’s death. One of the aspects of interest regarding end of life focuses on parenteral nutrition,
which is usually administered in order to avoid malnutrition and associated complications. However,
parenteral nutrition can be adapted to specific circumstances and evolve in its functionality through
supplementation with certain nutrients that can have a beneficial effect. This narrative review aims to
carry out a situation analysis of the role that could be adopted by supplemental parenteral nutrition
in attenuating alterations typical of end of life and potential improvement in quality of life.

Keywords: parenteral nutrition; critical illness; terminally ill; parenteral nutrition solutions;
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1. Introduction

“End of life” (EL) is a process that will lead to death due to an illness and/or clinical
circumstance with no possible therapeutic alternative. The approach to EL must guarantee
physical and mental well-being, which palliative care offers, to reduce the symptoms caused
by malnutrition such as edema, nausea, vomiting and reduced appetite. Parenteral nutrition
(PN) must be included within the framework of such care as a support whereby hydration
and nutrition are guaranteed in EL. PN has been characterized by a rapid technology
and formulation evolution since its origin in 1968 in order to cover basic daily nutritional
requirements [1,2]. PN is a nutritional strategy that consists of the administration of the
nutrients required by the body through the circulatory system. Indications for use of PN
include paralytic ileus, intestinal obstruction, short bowel syndrome, acute pancreatitis,
intestinal fistulas, very severe previous malnutrition, ulcerative colitis, Crohn’s disease,
severe preoperative malnutrition and major surgery. It is contraindicated when the expected
intake is less than 5 days, when there is a functioning digestive system and a prognosis
that will not improve with PN, and in uncontrolled metabolic alterations. The ultimate
objective of PN is the maintenance of an adequate nutritional state, so all the necessary
nutrients must be provided to the body in the appropriate proportion [3]. Depending on
their nutritional contribution, these nutrients are classified into three large groups as caloric
source, protein source and micronutrients. The first group is made up of carbohydrates and
fats; the second group is administered through mixtures of amino acids and is quantified
in grams of nitrogen; the third group is made up of minerals, trace elements and vitamins.
Notwithstanding, PN involves a high financial cost and many complications, as follows.
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(A) Thrombotic complications: frequent in 50% of cases and arising from the catheter
used, the duration of the procedure, the puncture site and/or the composition of
the mixture.

(B) Infectious complications: generated by contamination of the solution, infection of
the catheter insertion point, primary contamination and secondary contamination of
the catheter.

(C) Metabolic complications: these are diverse and include hyperglycemia, hypoglycemia,
hypertriglyceridemia, liver complications, dyslipidemia, bone problems, refeeding
syndrome, hypophosphatemia, fat overload syndrome, essential fatty acid deficiency,
hyperammonemia and metabolic acidosis [4,5].

The use of PN in EL must be assessed on a case-by-case basis for its impact on the
quality of life of the patient. Even though there is controversy about the use of PN in EL
since there are positions that justify its use and others that propose its withdrawal or non-
establishment because it generates more complications than benefits, there is not enough
evidence of the benefits, and the existing benefits are questionable and relate to earlier
stages of EL [6]. Notwithstanding, supplemental parenteral nutrition (SPN) represents
an innovation, with nutritional supplements assuming increasingly greater physiological
relevance. Hence, it is necessary to carry out adequate monitoring of EL with PN to
determine the significance of adding nutritional supplements that—due to their beneficial
effects—can contribute to improving EL.

2. Methodology

This narrative review was conducted through a search for articles on scientific databases.
To fully research the importance of supplemental parenteral nutrition at the end of life, a
comprehensive study was conducted by searching for studies in Medline, Scopus, Embase
and the Cochrane Library.

The following MeSH subject headings were used: “Parenteral Nutrition” (MeSH),
“Critical illness” (MeSH), “End of life” (MeSH), “Terminally ill” (MeSH), “Dietary Supple-
ments” (MeSH), “Micronutrients” (MeSH), “Trace elements” (MeSH), “Immunomodula-
tion” (DeSH), “Glutamine” (MeSH), “Oligopeptides” (MeSH), “Drug stability” (MeSH),
“Pharmaceutical preparations” (MeSH).

To be as thorough as possible, the appropriate Boolean operators were used, with the
search strategy defined by the following;:

(parenteral nutrition) AND (critical illness); (parenteral nutrition) AND (end of life);
(parenteral nutrition) AND (terminally ill); (parenteral nutrition) AND (dietary supple-
ments); (parenteral nutrition) AND (micronutrients); (parenteral nutrition) AND (trace
elements); (parenteral nutrition) AND (immunomodulation); (parenteral nutrition) AND
(glutamine); (parenteral nutrition) AND (oligopeptides); (parenteral nutrition) AND (drug
stability); (parenteral nutrition) AND (pharmaceutical preparations). Additional studies
were searched using references in articles retrieved from the searches.

Final selection of the documents was made in accordance with the established inclusion
and exclusion criteria:

— Inclusion criteria: only articles published in indexed journals that included a peer
review process were accepted. The inclusion criteria comprised: (a) publications
between 1 January 2016 and 1 September 2023; (b) publications on PN supplementation
aimed at EL and critical condition; (c) articles written in English and Spanish.

—  Exclusion criteria: (a) articles written in languages other than Spanish or English;
(b) articles that do not address the human species; (c) articles related to home parenteral
nutrition; (d) articles that address pediatric parenteral nutrition; (e) duplicate articles.
Two authors (F-RG and FJ-HC) independently identified the studies and performed

data extraction. The percentage of agreement was used to guarantee agreement between

evaluators: the number of times that the two reviewers who carried out the evaluation
agreed on the same question was added up, and then this figure was divided by the
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total number of data items considered. To ensure reproducibility and minimize bias,
disagreements were resolved through discussion with a third researcher (M-LV).

Initially, 3558 titles and abstracts collected from the different databases consulted were
examined. Subsequently, repeated articles were discarded, and the exclusion criteria were
applied, resulting in a total of 105 articles taken into account (randomized, observational,
cross-sectional, case studies) to be included in the review.

3. Impact of Disease and Treatments on Nutritional Status at the End of Life
3.1. Nutritional Status and EL

EL is considered a critical status where nutritional support must be aimed at redirecting
the metabolic state in order to avoid malnutrition that affects physical health, reduces
quality of life and increases morbidity and mortality [7].

The malnutrition accompanying EL occurs mainly with loss of weight and muscle
mass, i.e., sarcopenia, with or without loss of fat mass. Malnutrition and weight loss can
lead to cachexia, which is a negative predictor of morbidity and mortality in terms of lower
tolerance of treatments, higher rate of toxicity and prevalence of infections, worse quality of
life and longer duration of hospitalization with increased financial costs [8,9]. Nevertheless,
the overall malnutrition status causes a reduction in the capacity to mobilize bronchial
secretions and intestinal flora, as well as interstitial edema, atrophy of epithelial cells of the
digestive system, decreased ventilatory drive or damage of the cardiac muscles, delay in
wound healing, or impairment of cellular and humoral immunity [10-13].

EL involves an increase in catabolic hormones (catecholamines, corticosteroids and
glucagon), which—together with other humoral mediators (IL-1, IL-6, IL-8, TNE-ox)—cause
alterations in carbohydrate, lipid, and protein metabolism that in turn entails, among other
metabolic effects, hypermetabolism, mobilization of energy substrates, blockage of hepatic
ketogenesis, and hypercatabolism [14,15].

Hypercatabolism caused by cachexia derives mainly from a systematic inflamma-
tory response that increases the body’s metabolic needs, decreases appetite, and drives
catabolism of muscle proteins. Thus, patients with malnutrition exhibit an increase in
inflammatory markers (IL6, CRP, 32 microglobulin) due to the presence of an inflammatory
state that is associated with malnutrition and cachexia [16].

During EL, a metabolic response to stress is developed aiming to produce the energy
required to sustain vital functions, inflammatory response, immune function and tissue
repair. Two phases can be distinguished during metabolic stress: hypometabolism and the
hypermetabolism phase, which temporally follows the earlier phase [17].

Below are the main metabolic characteristics of EL and their relationship with nutri-
tional status. This outline assumed that EL corresponds to a critical state as addressed by
the existing scientific literature.

(a) Carbohydrate Metabolism. Several events to be considered take place, as follows.

1. High catabolism without an excessive increase in energy expenditure. There is an
increase in hepatic gluconeogenesis (the substrates used in gluconeogenesis
include lactate, alanine and glycerol) and peripheral resistance to the action
of insulin, despite the existence of high levels of circulating insulin. These
metabolic alterations result in hyperglycemia, which inhibits hepatic glucose
production and stimulates its peripheral uptake in order to reduce blood glucose
levels [18]. The high amount of gluconeogenic substrates and the increase in
counterregulatory hormones (epinephrine, cortisol and insulin), together with
the action of inflammatory mediators, are determining factors for the increase in
hepatic glucose production [18,19].

2. Inflammatory mediators (TNF-a and interleukins) antagonize the action of insulin and
produce hyperglycemia. Hyperglycemia is common in critically ill patients, even
in those patients who have not previously been diagnosed with diabetes. The
development of hyperglycemia during EL increases morbidity and mortality, as
well as hospital stay days and mechanical ventilation days [20].
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3. Hyperlactatemia. Pyruvate and lactate plasma levels are very high during EL.
This phenomenon results in a greater conversion of pyruvate to lactate and
is more intense at the muscle than at the hepatic level. In this sense, severe
hyperlactatemia is associated with extremely high mortality in the intensive
care unit (ICU), hence the importance of knowing the variables derived from
lactate (timing and persistence of severe hyperlactatemia, maximum level and
12 h clearance) that are associated with mortality [21].

(b) Protein metabolism

Protein metabolism is quite complex in these circumstances, since on the one hand,
there is an increase in protein catabolism, and on the other, a decrease in protein synthesis,
both in total and visceral proteins. However, hepatic uptake of amino acids and protein
synthesis is increased. Numerous events take place and include the following.

1. Activation of gluconeogenesis to mobilize proteins. There is a massive mobilization of
body nitrogen and an increase in protein catabolism, which is evidenced by increased
excretion of urinary nitrogen [22].

2. Hypoalbuminemia. The majority of critically ill patients exhibit an inflammatory re-
sponse that causes endothelial damage and increased capillary permeability, with
the ensuing extravasation of fluids and albumin. Hypoalbuminemia represents a
marker of increased vascular permeability rather than a marker of albumin itself that
is associated with the appearance of edema. In EL, hepatic albumin synthesis would
decrease, and both TNF and IL-6 would contribute to this process. Hypoalbumine-
mia can lead to unnecessary administration of albumin or excessive administration
of macronutrients in nutritional regimens, generating possible adverse effects and
additional costs, and hence the importance of adequate assessment [23].

3. Excessive catabolism of body proteins that affect skeletal muscle, visceral proteins
of connective tissue and circulating proteins. Nutritional support is essential in
critically ill patients, and thus great caution must be exercised during the catabolic
phase. The use of hypercaloric and hyperprotein nutrition is justified in situations
involving marasmus, COPD, respiratory distress syndrome, sepsis with hemodynamic
instability, hypercapnia, hyperglycemia and hypertriglyceridemia [24].

4. Reduction in amino acid metabolism. It is necessary for nutritional support to maintain
adequate metabolic pathways without causing redistributions that compromise the
functionality and structure of the organs. The importance of protein intake has been
observed in EL patients, resulting in reduction in infectious complications, hospital
stay, morbidity associated with energy excess, and in turn reduced mortality in cases
of sepsis [25].

(¢) Lipid metabolism

Modifications in lipid metabolism are related to the metabolic stress phase. The in-
crease in lipolysis and mobilization of fats causes triglycerides to be released, which are
hydrolyzed to free fatty acids and glycerol. Free fatty acids can follow different metabolic
pathways, such as: (a) oxidation in skeletal muscle; (b) oxidation in the liver, promot-
ing gluconeogenesis by providing energy and cofactors necessary for glucose synthesis;
(c) reesterification in the liver towards triglycerides, resulting in an increase in triglycerides
plasma levels. In the event of carnitine deficiency, either prior or acquired, this condi-
tion can worsen. Hyperinsulinism, where insulin decreases hepatic ketone production,
increases peripheral utilization of fatty acids. This is compounded with a deficiency of
long-chain fatty acids, which can lead to an increase in the metabolism of arachidonic
acid and appearance of its metabolites with inflammatory properties (prostaglandins and
thromboxanes) [26-28].

Taking into consideration EL, nutritional support would attenuate metabolic stress,
reduce the inflammatory response and avoid malnutrition. Indeed, the use of supplements
with immunomodulatory function (Glu, Arg, nucleotides, w-3 and its metabolites and
L-carnitine) has shown effectiveness in reducing oxidative damage and a decrease in
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the metabolic response to stress, although further studies are needed since there are no
conclusive data on a reduction in mortality and prevention of PN complications [29-31].

3.2. Interaction between Nutritional Status and Drugs in PN

As various studies have shown, the treatment of EL causes a deterioration in nutri-
tional status with a decrease in appetite and weight (topiramate, zonisamide, zidovudine,
bupropion, fluoxetine, paroxetine, digoxin and digitoxin), as well as alteration of the in-
testinal microbiota (metformin, brivudine, levodopa and proton-pump inhibitors) [32,33]
(Table 1). Therefore, malnutrition can be present in PN if the formula requirements are
not administered correctly [7]. Further, some medications have been found to affect mi-
cronutrients with diuretics and steroids affecting the absorption of sodium and potassium,
while amphotericin B and calcium affect the absorption of magnesium and phosphorus,
respectively [34].

Table 1. Nutritional status and drugs.

Drugs Alterations

Topiramate, zonisamide, zidovudine, bupropion,

. . . . L Decrease in appetite and weight
fluoxetine, paroxetine, dlgoxm, dlgltoxm ppett 18

Metformin, brivudine, levodopa and

proton-pump inhibitors Intestinal dysbiosis

It is also worth noting that nutritional status can be affected by pharmacokinetic
interactions between nutrients and drugs, which can affect the bioavailability of the nutrient,
as well as reduction in the therapeutic action of the drug [32,33].

Pharmacokinetic interactions between drugs and nutrients in PN are the most significant
and are limited to the distribution, metabolism and excretion processes of drugs [34]. Thus,
an effect of nutrients on the distribution of L-dopa, melphalan, valproic acid, phenytoin,
tetracyclines, midazolam, gentamicin and amikacin has been observed, while methotrexate,
fluorouracil, lidocaine and theophylline interact during the nutrient metabolism phase [32]
(Table 2). Genesis of metabolites from metabolism is to be noted, such as oxalate from
the metabolism of ascorbic acid that can interact with calcium and generate insoluble
precipitates [34]. A widely debated aspect in the field of nutrient-drug interactions is
the influence of amino acid intake on kidney function. Thus, proteins in combination
with certain vitamins would affect the metabolism of drugs, causing a delay in their
excretion [34].

Table 2. Pharmacokinetic interactions between drugs and nutrients in PN.

Nutrients

Drugs Pharmacokinetic Phase Interaction

Calcium, magnesium, sodium,
vitamins (A, D, E, K).

L-dopa, melphalan, valproic acid,
phenytoin, tetracyclines, midazolam, Distribution, metabolism, excretion
gentamicin, amikacin

Vitamin By, calcium, sodium, Methotrexate, fluorouracil, lidocaine
protein, vitamin D.

theophylline Metabolism

Even though the addition of drugs in PN is not recommended, for any such addition
to take place, absence of risk to the preparation such as degradation and/or destabilization
of the lipid emulsion is to be ruled out. It should be noted that combinations of two or
more drugs should not be administered in a PN bag and so Y-administration is used, which
is nonetheless not free of interactions either. Notwithstanding, there are studies and clinical
practice guidelines that have described possible interactions with PN in order to provide
recommendations to optimize the PN that is administered [33-35].
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Therefore, for adequate assessment of the stability and compatibility of the PN con-
cerned with the therapeutic treatment, it is necessary to consider the concentration of amino
acids, the type of fat that is part of the parenteral emulsion, the concentration of electrolytes,
the concentration of amino acids and dextrose, trace elements, pH, Pka and the acid-base
nature of the drugs. In this regard, there are numerous known physical interactions vis-
a-vis interactions of a chemical nature that must be further explored and researched. The
American Society for Parenteral and Enteral Nutrition (ASPEN) recommends consultation
of existing data on physicochemical compatibility and aspects related to therapeutic action
prior to preparation of PN [33,34,36].

How can interactions that could worsen the state of malnutrition in EL and /or decrease
the therapeutic action of drugs be avoided? The following course of action is proposed.

- Risk assessment through knowledge of all the drugs that the patient is given.

- Monitoring of pharmacological treatment.

- Avoid inappropriate PN mixtures, which will require following the relevant clinical
guidelines to avoid PN safety issues.

- Assess the treatment and establish appropriate changes. Establish possible changes in
treatment to avoid known interactions that may arise.

- Adapt PN to the administration of drugs according to the patient’s needs.

Malnutrition derived from EL and therapeutic treatment has direct effects on clinical
outcomes and is associated with significant spending on medical care, so better identifi-
cation and treatment of the factors involved in malnutrition related to EL would entail a
benefit for people and a potential reduction in health costs [33,34].

4. The Role of Parenteral Nutrition at the End of Life: Benefit or Harm?

Nutritional support is an essential part of patient care in EL when oral food intake is
not possible. This support includes enteral nutrition (EN) and PN, the use of which will
depend on the clinical indications in accordance with the patient’s condition.

Hydration and nutrition are culturally understood as symbols of care for life. Anthro-
pologically, food is related to a basic vital need of people since birth, and it is attributed a
meaning of respect for life and care for our fellow human beings. There are positions in
favor of considering PN basic care that cannot be waived, and other positions that define it
as a basic treatment that can in fact be waived [35,36].

Scientific literature describes a series of benefits associated with an adequate nutri-
tional status in EL (Figure 1): (a) modification of the body’s response to the aggression
of inflammatory cytokines; (b) reduced malnutrition associated with hypermetabolism;
(c) reduced mortality and length of hospital stay; (d) control of adverse effects of polyphar-
macy; (e) maintenance of muscle mass; (f) preservation of the integrity of intestinal micro-
biota; (g) improvement in immune function; (h) attenuation of the inflammatory response;
(i) reduced vomiting; (j) improved prognosis of patients in the ICU and reduced stay [37-40].
However, other studies attribute PN a symbolic value and no significant differences with
other life support techniques, which, like any other technique, can sometimes be harmful,
since they are considered invasive measures that prolong agony, cause refeeding syndrome,
do not reduce mortality or shorten the length of hospital stay and give rise to accumulation
of fluids such as bronchial secretions, pleural effusion, infections, edema and ascites [41-44].

Given these conflicting positions on PN, as well as its imprecise and undefined action
protocol under clinical practice guidelines, both the ASPEN and the European Society of
Parenteral and Enteral Nutrition (ESPEN) recommend withdrawing and/or not instituting
PN if the results are doubtful and do not produce any physical and/or psychological
benefit, there is a neurodegenerative pathology, life prognosis is less than 3 days, or
for uncontrolled refractory symptoms and multiple organ failure [45,46]. However, it is
necessary to continue delving into this field since there are significant gaps to fill and
regulate in procedures beyond the individualized approach to each case.
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v" Response to the aggression of inflammatory cytokines.
v’ Reduced malnutrition and mortality and length of hospital stay.

v’ Control of adverse effects of polypharmacy.

Figure 1. Benefits associated with an adequate nutritional status in EL.

5. Supplements of Interest for Parenteral Nutrition Formulations

Nutritional requirements of PN in EL must be established according to the clinical

situation, nutritional status, symptomatology of EL, existence of organ failure and the state
of hypermetabolism. Therefore, in general, PN will include the following.

Carbohydrates. Carbohydrates constitute the main source of energy. An intake of
4-5 g/kg weight/day is required. Any of the following can be used: (a) glucose
solutions that determine osmolarity of the solution and can be used in anhydrous
or monohydrate glucose format. Glucose is the preferred carbohydrate due to its
usefulness and low cost. It is necessary to ensure that osmolarity does not exceed
1000 Osm/L; (b) glycerol solutions are used mainly in situations where a lower insulin
response is desired or there is hyperglycemia due to stress that is difficult to control
and thus a glucose substitute is needed. It should be monitored in lipid emulsions
that use glycerol since an excess in the formulation can give rise to hemolysis issues;
(c) polyols are the least used due to the controversies generated by possible mixture
with glucose, fructose, xylitol, sorbitol or glycerol and the relationship with lactic
acidosis processes [47].

Amino acids. Essential and non-essential amino acids are used in the form of commer-
cial crystalline amino acid solutions. Daily protein requirements will depend on the
degree of metabolic stress and may range between 1 and 2 g/kg weight/day. As to
the administration of amino acids, some are usually used as precursors to increase
solubility in the parenteral solution, such as tyrosine and cysteine, and others are
administered as dipeptides (glutamine, tyrosine) to improve stability and solubility
of the formula. Use of branched-chain amino acids in PN has been noted to give rise
to controversy since there is lack of consensus on their use as an energy substrate, as
well as to increase protein synthesis and turnover. Notwithstanding, in severe cases,
the amino acids administered must be modified to adequately control those aspects
that may cause an increase in aromatic Aa and alteration of mental status [48].
Lipids. Lipids are responsible for the reduction in osmolarity of the mixture. The
contribution of lipids in the form of an O/W emulsion has an energy supply function
and a potential positive modulation of the inflammatory response, which is why
1.5-2.5 g/kg weight/day is required. Lipids are incorporated into PN through the
administration of essential fatty acids in the form of triglycerides. Fatty acids can
be either long chain (from soybean, safflower or sunflower oil), which tend to be
more unstable and easily subject to lipid peroxidation, or 50% long- and short-chain
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mixtures that have shown to be more stable, with fewer liver complications and better
nitrogen balance. Also, it has been observed that in these emulsions, tocopherols are
transported with fats (affording protection against cellular oxidative damage) and
vitamin K (compatible with olive or soy oil). Lipids are used in the form of a lipid
emulsion, and emulsifiers (egg lecithin), isotonizers (glycerol) and stabilizers (sodium
oleate) are used for stabilization so that the lipid droplets formed are similar to human
chylomicrons, but with different types of fatty acids, less cholesterol, no apoproteins
and more phospholipids. Intralipid© (soybean oil), Nutralipid© (80% olive oil and
20% soybean 0il), Clinolipid© (80% olive oil, 20% soybean oil), SOLE® (soybean
oil), SMO Lipid© (olive oil, fish oil, soybean and medium-chain triglycerides) and
Omegaven® (fish oil) are among the most common commercial lipid emulsions. In
critical situations, different effects in reduction of sepsis and the ratio of T helper and
T suppressor lymphocytes have been observed for SOLE®, as well as in the increase in
albumin, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) for mixtures
of long /short-chain triglycerides [1,49].

Electrolytes. Basal parenteral electrolyte requirements are 1-2 mEq/kg/day of sodium
and potassium, 10-15 mEq/day of calcium, 8-20 mEq/day of magnesium,
20-40 mmol/day of phosphate and chlorine and acetate necessary to maintain an
acid-base balance. However, the particular EL situation must be assessed, as well
as losses that may occur, in order to determine specific daily requirements. Isolated
electrolyte preparations comprising sodium, potassium, calcium, chloride, magnesium
and phosphorus are used [50].

Vitamins. Fat-soluble vitamins (A, D, E, K) and water-soluble vitamins (B, By, Bg,
By, B12) are included. It is common to have to add supplements based on the recom-
mended needs and requirements of each terminally ill patient [47].

Trace elements. This group includes copper, cobalt, chromium, fluorine, iodine, man-
ganese, molybdenum, nickel, selenium and zinc. Trace element deficiency is associated
with various functional and structural abnormalities as they play an important role as
enzymatic cofactors. Currently, it is not possible to individualize the prescription of
trace elements, but preparations of trace elements already exist [47].

Drugs. The addition of drugs to PN should be avoided whenever possible. However,
there are cases in which such addition can be very useful, but drugs can only be
added to the bag as long as they do not degrade or destabilize the lipid emulsion
and the pharmacokinetics are adequate during administration. In this sense, some
of the most commonly used drugs in PN include the following: (a) insulin, which
may be necessary in situations of hyperglycemia in patients with preexisting diabetes
or in hyperglycemia due to stress; (b) Hy antihistamines (ranitidine and famotidine),
which tend to be more stable if the PN includes lipids; (c) octreotide and somatostatin,
with stability reduced to 2448 h in the parenteral formulation bag and longer pe-
riods leading to adherence to the bag and, consequently, decreased bioavailability;
(d) heparin, the addition of which to PN generates controversy since—even though the
risk of thrombophlebitis is reduced in people undergoing PN—the interaction that can
develop between the negative and positive charges of heparin and calcium from the fat
droplets can lead to destabilization and separation of the phases of the emulsion that
constitutes the PN, and this needs to be monitored. The fact that the administration of
two or more drugs with PN should be avoided should not be ignored [51].

Water. Sterile water is used for injectables, adding just enough to obtain the right
volume of the final mixture. A daily amount of water of 3040 mL/kg weight/day is
required [47].

However, SPN involves the addition of nutrients, in standard or individualized for-

mulations, according to the needs of patients and is defined as nutritional support that can
be administered when, after individualized patient assessment, the energy and protein
intake cannot be covered by PN to guarantee daily requirements [52].
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Thus, in EL, SPN would be useful when, after monitoring and assessing the patient,
the following is determined: (a) objectives are not achieved with PN and there are increased
nutrient requirements; (b) there are nutrient losses; (c) problems arise in absorption and use
of nutrients, together with insufficient caloric protein intake; (d) drug—nutrient interactions;
(e) hemodynamic instability; (f) hypermetabolism; (g) prolonged use of vasopressor and
inotropic medication; (h) intestinal ischemia and high abdominal pressure; and (i) malab-
sorption. Notwithstanding, SPN must be monitored, as it can cause hyperglycemia, liver
dysfunction, and respiratory problems that require the use of mechanical ventilation. It
should be noted that SPN is not recommended in the 48 h preceding death [53].

At present, there are no conclusive studies on the use of SPN and its usefulness in EL.
Certain studies associate SPN with a decrease in mortality and the risk of infections, while
others show that SPN does not reduce the length of stay in the ICU or provide benefits in
people who have a low risk of malnutrition [54]. The following are the different nutrients
that can make up SPN, as described by scientific literature.

5.1. Glutamine

In critically ill patients, glutamine administered as dipeptides of L-alanyl-L-glutamine
and glycyl-L-glutamine acts as an essential energy substrate for gluconeogenesis, protein
synthesis and as a cellular antioxidant useful for the immune system cells. Critical situa-
tions cause a decrease in glutamine levels in the body, which is associated with mortality.
Although it can be synthesized by the body, administration of glutamine is necessary since
it fulfills a function as a tissue protector, regulator of immune and inflammatory function,
attenuating the antioxidant action and protecting metabolism in situations of metabolic
stress [55].

At present, there are studies that show its usefulness in critically ill patients after
surgery, reducing incidents associated with pneumonia due to mechanical ventilation,
as well as reducing the production of cytokines. Also, its use has been associated with
a decrease in in-hospital mortality and nosocomial infections [56,57]. However, most
recent studies show discrepancies in the use of glutamine, and some of them conclude
that although supplementation has been recommended by international societies in their
guidelines, there are also data that advise against indiscriminate use in critically ill pa-
tients since there is no adequate benefit:risk ratio, in addition to not showing beneficial
effects on either the intestinal mucosa or protein metabolism. Supplementation with
0.3-0.5 g/kg/day of glutamine for at least 5 days is recommended, as this may be beneficial
in critically ill patients. Therefore, although glutamine administration is recommended
in a state of malnutrition, inadequate nitrogen balance and low plasma albumin may
ensue [58,59].

5.2. Arginine

Arginine is a non-essential amino acid that is nevertheless considered condition-
ally essential when availability of endogenous arginine is insufficient to meet metabolic
demands. Studies that relate arginine with PN in critical conditions have shown that:
(a) people postsurgery present more favorable clinical data; (b) there are no immunotoxicity
data in formulations with L-arginine; (c) there is safety in administration of arginine by
PN; and (d) supplementation reduces mortality and complications due to its ability to
stimulate the synthesis of hormones (insulin, glucagon and catecholamines), a useful aspect
in the presence of high catabolism. In fact, some immunomodulatory formulas are actually
supplemented with this amino acid; arginine is present in concentrations that range from
0.45 g/100 mL to 1.47 g/100 mL. However, it is difficult to obtain conclusive data on the
studies carried out with arginine due to the lack of standardization of the different protocols
for use of PN, since although an immunomodulatory function is noted, there is uncertainty
as to its beneficial role in patients with septicemia [60-63].
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5.3. Taurine

Taurine is a non-protein amino acid of great use in patients undergoing home PN,
since plasma levels in EL are usually low and so supplementation is highly necessary to
cause positive effects on the cardiovascular system, neuroprotection, visual protection and
osmoregulation, as well as to exercise antioxidant, anti-inflammatory and immunomodula-
tory actions. There are no conclusive data regarding the association between taurine and
decreased mortality, so despite the immunomodulatory and anti-inflammatory action that
taurine could exert, more studies are still needed [64,65].

5.4. Citrulline

The interest in citrulline in PN is relatively recent. EL inflammation causes a drop
in citrulline. Citrulline is key in the homeostasis of protein synthesis and in nitric oxide
metabolism. However, there are currently no clear indications or scientific evidence on its
benefit in EL, although there are certain studies that inconclusively relate its presence in
PN with a reduction in sepsis and respiratory distress [66].

5.5. Lipids

The beneficial role of omega-3 in SPN is observed in the inflammatory response and
consequently in the modification of phospholipids of the cell membranes of monocytes,
macrophages and other inflammatory cells. Recent studies show that PN supplementation
increases survival and produces a reduction in infectious complications, length of hospital
stay, duration of mechanical ventilation, and mortality as a result of its anti-inflammatory,
antioxidant and protective effect on liver function [67-69].

5.6. Electrolytes

Electrolytes (chloride, phosphate, acetate, sodium, potassium, calcium and magne-
sium) play a fundamental role in regulating homeostasis in EL. There is no standard or
protocolized pattern in SPN and the benefit/risk will have to be considered based on the
patient’s physiological conditions [47]. However, certain considerations regarding SPN
electrolytes can be of use: (a) sodium supplementation should be considered with respect
to water balance; (b) the rate of perfused potassium delivery should be monitored to avoid
potential cardiac arrest; (c) phosphate supplementation needs to be adequate to restore the
intracellular phosphate deficit and compensate for the drop in plasma phosphate in EL,
which is usually linked to malnutrition, hyperglycemia and/or renal failure; (d) phosphate
is available as a sodium or potassium derivative, magnesium is normally supplied as
magnesium sulfate, and calcium is available as calcium gluconate [70]. The mode and
time of incorporation of electrolytes into the PN is of great importance, since they may be
responsible for the stability and safety of the lipid emulsion that forms the SPN.

5.7. Trace Elements

Trace elements play an important role in SPN, but should not be used routinely
without prior clinical assessment. The risk factors of deficiency of trace elements include
malabsorption, chronic kidney or liver pathology and malnutrition, as well as nutrient-drug
interactions (isoniazid, phenobarbital, penicillin, theophylline and cyclic antidepressants).
However, excess trace elements can be constitutive of toxicity and absence of necessary
nutrients that would imply the genesis of various pathologies and physiological alterations.

The main considerations regarding the current situation of trace elements and SPN
are described next for the trace elements most commonly used in SPN.

Zinc. Zinc deficiency gives rise to an increase in proinflammatory cytokines. Zinc
administration in the form of zinc sulfate causes the formation of zinc complexes with
aspartate, cysteine, histidine or methionine for increased absorption. Zinc supplementation
is not common practice, nor is it included in clinical guidelines except in patients who
receive PN without zinc and have high intestinal losses [71].
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Selenium. The inflammatory process that characterizes EL causes a decrease in se-
lenium concentration and hence a decrease in the body’s antioxidant response capacity.
Selenium has been determined to have a beneficial effect on the formation of selenopro-
teins with antioxidant action against free radicals that are formed as a consequence of the
metabolic state in EL [72]. However, there are no conclusive data on its possible action in
reducing mortality or the worsening that may occur in patients with kidney failure [73].

Chromium. Chromium promotes the action of insulin, improving its activity in periph-
eral tissue. Therefore, chromium administration causes better glucose control, a useful
aspect in hyperglycemia, which is why it is only supplemented with chromium in cases of
hyperglycemia and to reduce insulin requirements [74].

Cobalt. Cobalt relates to the metabolism and use of vitamin Bj,. Supplementation is
not needed if PN is already high in vitamin By, [75].

Iodine, Manganese, Iron, Molybdenum. ASPEN guidelines recommend their supplemen-
tation given their regulatory functions in metabolism and immunomodulation [75].

Coenzyme Q. This can be an interesting supplement that still requires additional studies,
but whose synergistic interaction with selenium would show benefits for cellular energy
supply, as well as antioxidant properties [22,75,76].

L-Carnitine. Supplementation is recommended in the event of hypertriglyceridemia
and hyperlactatemia in cases of prolonged PN [75].

Probiotics. It has been suggested that SPN with probiotics reduces the need for mechan-
ical ventilation in chronic conditions arising from nosocomial infections. Additional studies
are needed for consideration of the use of species of the Lactobacillus, Bifidobacterium and
Streptococcus genera [77].

Nucleotides. Nucleotides are usually insufficient to cope with the catabolic stress of EL.
Although additional studies are required to confirm the scientific evidence regarding their
benefits, to date usefulness has been established to prevent deterioration of the intestinal
barrier and therefore to reduce infectious complications [78].

Vitamins. EL entails vitamin deficiencies that require supplementation, and thus
vitamins are administered as a commercial multivitamin supplement composed of vitamins
C, A, E, K and the B complex (B1, By, B3, Bg, By, By, B12) [79]. The literature includes a series
of considerations with respect to SPN and vitamins: (a) there is no conclusive evidence of
or studies on the possible benefit of vitamin D, although there are studies that associate
it with a decrease in mortality and mechanical ventilation time; (b) vitamin C is unstable,
susceptible to oxidation reactions and is usually associated with neuropathy, hemolysis and
hyperglycemia phenomena [80,81]; (c) B group vitamins are involved in reducing fatigue
syndrome [82]; (d) vitamin supplementation is justified in terms of nutritional requirements
to improve immune function, regulate hypercatabolism and exert an antioxidant action,
but if it is provided too early, it can have adverse effects such as prolonging the ICU stay
and the risk of infections [83]; (e) ASPEN and ESPEN clinical practice guidelines refer to
the need to supplement PN with vitamins in critical condition, but there is no consensus or
evidence on timing, clinical criteria or protocols in EL [84].

Glutathione. Glutathione constitutes at present a line of research, currently in animal
trials, studying the possible protective effect of glutathione to prevent the effects of PN
on hepatic metabolism. Although only animal model results are available, consideration
thereof is still important, as perhaps studies in humans can be conducted in the near
future [85].

6. Compatibility and Stability of Nutrients in Parenteral Nutrition of Interest for SPN

Relevance of compatibility and stability, which are two different aspects in PN, are
to be noted. Stability refers to possible physical, chemical or microbiological degradation,
while compatibility comprises everything related to loss of the properties of the parenteral
formulation, both in terms of nutrients and the possible toxicity that may be generated.
Consequently, the requirements of PN stability and compatibility must persist over time
from preparation to administration to guarantee its safety and effectiveness [86]. There are
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diverse factors that affect the compatibility and stability of PN that are also applicable to
SPN. Hence, this section addresses general aspects of PN that will also have to be considered
in the event that SPN is available, given the fact that to date, the bibliography does not
describe any aspects that differ much between PN and SPN with regard to compatibility
and stability. However, differentiating nuances that may exist between PN and SPN are
also discussed.

6.1. Lipid Emulsion

PN lipid emulsions are O/W-type and thermodynamically unstable since the lipid
droplets tend to join and break the emulsion. Therefore, stability of the lipid component
of SPN will largely determine the stability and safety of the final preparation [86]. In this
regard, there are a series of factors that affect stability of the lipid emulsion, as follows.

- Emulsifying agents. They maintain stability due to the establishment of repulsive
forces between the phases, which prevent the fusion of fat droplets [87]. The use
of emulsifiers such as phospholipids, glycerol and lysoderivatives of lecithin in the
emulsion is relevant, as they cause negative repulsive forces on the surface that help
maintain lipid stability [88].

- Zpotential. It is the parameter that determines stability of the emulsion and size of the
particles and should always be maintained above —1.5 mV to avoid irreversible desta-
bilization of the emulsion caused by a decrease in electrostatic repulsion generating
flocculation, cremation, coalescence and phase inversion [1].

- Amino acids. Their main function is to prevent instability of emulsions by avoiding
the precipitation of calcium and trace elements, enhancing action of emulsifiers and
acting as buffers when pH is low. Greater stability is achieved with a ratio of acidic
amino acids/base amino acids under 1.5 and pH higher than the isoelectric point of
the amino acids [88,89].

Notwithstanding, reactivity of amino acids with the following should be taken into
account: (a) glucose, causing the Maillard reaction that results in a reduction in bioavail-
ability of amino acids and loss of lysine, threonine and histidine [90]; (b) vitamins: cysteine
promotes oxidation of ascorbic acid, while histidine, methionine and tryptophan can un-
dergo oxidation reactions in the presence of vitamins [90]; (c) trace elements used in SPN
binding of zinc with histidine, cysteine, glutamine and taurine have been observed without
affecting stability and leading to a positive effect on bioavailability.

pH can also promote glutamine, aspartame, arginine and histidine complexes, which
are indirectly involved in calcium phosphate precipitation. However, oxidation of trypto-
phan, cysteine and histidine occurs in SPN bags that allow oxygen permeability [88].

Therefore, the independent pH of each of the PN components of the mixture must be
taken into account, since this determines the final pH and stability. In fact, final pH will be
a determining element to prevent calcium phosphate precipitation [90].

- Droplet size. The droplet size should not exceed 6 um, since this can lead to circulatory
problems (embolism and/or thrombosis) and liver and kidney damage. A large
droplet deconstructs the emulsion, and therefore anything that conditions and/or
increases droplet size affects stability and safety of the emulsion [88,89].

- Type of triglycerides of fatty acids. The lipid destabilization process can produce
various phenomena such as creaming, flocculation, and in some cases emulsion
breakage. The use of long-chain triglycerides (LCTs), medium-chain triglycerides
(MCTs), and polyunsaturated fatty acids (PUFAs), together with phytosterols and
a-tocopherols, exerts a protective effect on lipid peroxidation of the emulsion and
provides a beneficial element, given their anti-inflammatory effects. In this regard, the
presence of MCTs seems to reduce the destabilizing effects of long-chain triglycerides,
resulting in more stable emulsions. New lipid emulsions rich in omega-3 fatty acids,
MCTs and LCTs are being currently used, which a priori appear to be as stable as
MCT-LCT mixtures. The use of emulsifiers such as phospholipids, glycerol and
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lysoderivatives of lecithin causing negative repulsive forces on the surface that help
maintain lipid stability is relevant [88,89,91-95].

- pH. The increase in pH is directly proportional to the stability of the emulsion. Thus, a
value of 7-8 would be optimal, while coalescence of the fat droplets would take place
when under 5. Low concentration of amino acids, heat sterilization processes and an
inadequate base-to-acid amino acid ratio under 1.5 are related to a decrease in pH to
values that affect the PN, with precipitation of calcium phosphate, copper-cysteine
and folic acid [88,96,97].

- Glucose concentration. This should be properly determined to avoid a low con-
centration that would entail the risk of calcium phosphate precipitation, or a high
concentration that would determine emulsion breakage [88]. Furthermore, an increase
in the diameter of the fat droplets is triggered if glucose is added directly to the emul-
sion, given the acidic pH of glucose solutions and presence of ions that are attached to
the fat globules [89].

- Ions and cations. They can affect the stability of the lipid emulsion, which is why the
amount of electrolytes should be checked and monitored, specifically di- and trivalent
cations. It has been shown that the calcium cation and the acetate anions exert a
protective effect on the emulsion by presenting buffer properties, while the di- and
trivalent cations are destabilizing. Calcium salts, sodium acetate, magnesium sulfate
and calcium gluconate are often used in SPN commercial preparations to ensure
stability [1,80,88].

- Lipid peroxidation reaction. Peroxidation or lipoperoxidation reaction is a lipid
oxidative degradation reaction. This oxidative lipid degradation reaction occurs in
the presence of oxygen and is increased in the presence of ultraviolet radiation. Due
to the high number of double bonds, polyunsaturated fatty acids are susceptible
to peroxidation. Greater formation of peroxides is observed in emulsions based on
soybean oil than in structured lipids, mixtures of MCTs, LCTs and/or in emulsions
based on soybean oil [47,88,89,98]. SPN containing low concentrations of alpha-
tocopherol generate few peroxides since alpha-tocopherol acts as an antioxidant,
although a prooxidant effect has been observed at high concentrations [89,99,100].

6.2. Trace Elements

Scientific literature shows that some trace elements used in SPN can generate insoluble
salts that precipitate when forming complexes, as is the case with copper, selenium, zinc
and manganese. Also, storage and refrigeration can affect the concentration of selenium and
manganese [88,101]. Trace elements are involved in lipid flocculation, catalyzing oxidation-
reduction reactions, vitamin degradation and formation of complexes with amino acids.
Thus, pH can exert an effect since precipitates such as dihydroxides are generated if pH is
greater than 5.5. Precipitation of calcium and zinc also takes place through the genesis of
insoluble metal sulfides [89,102].

6.3. Factors Leading to Precipitate Formation

One of the most relevant aspects affecting stability of PN and SPN formulations is
the precipitation of calcium and phosphate, which is determined by: (a) an increase in
pH that generates more dibasic phosphate; (b) an increase in temperature that results in
dissociation of calcium; (c) calcium, magnesium and phosphate concentrations; (d) a low
concentration of amino acids; (e) the order of addition into the mixture; (f) conservation time;
(g) administration conditions (perfusion rate and ambient temperature); (h) use of diacid
phosphate; (i) an increase in the concentration of divalent calcium; (j) high concentration
of amino acids rich in phosphate and gluconate; and (k) low dextrose concentration.
Precipitation not only implies a physicochemical alteration, but is also associated with
toxicity (respiratory distress, embolism, interstitial pneumonitis) and loss of activity of
related drugs. Thus, the presence of divalent and trivalent minerals forms complexes
with tetracyclines, ciprofloxacin, and the oxalate from vitamin C can interact with calcium,
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generating precipitates [20,70,88,89,102]. To prevent formation of these precipitates, action
can be taken to control concentrations of calcium and phosphate by reducing the pH, as
this would generate dibasic phosphate. The fact that a low concentration of amino acids
would enhance the formation of precipitates due to their buffering effect as well as other
factors such as the mixing order, storage time, infusion rate and ambient temperature
should be taken into account. A low concentration of dextrose also favors the formation of
precipitates [20,70,88,89,102].

6.4. Factors Affecting Vitamin Stability

Factors that can affect vitamin stability and therefore generate technological prob-
lems include photolysis (by ultraviolet and fluorescent light), adsorption in the bag and
oxidation-reduction reactions, all accelerated by an increase in temperature [20]. Specifi-
cally, inactivation of vitamin C has been observed in the presence of copper and oxygen,
while vitamins By, Bg, Bg are inactivated in the presence of iron. It should also be noted that
an alkaline pH inactivates water-soluble vitamins and vitamin A. Other interactions have
taken place between the combination of vitamin K and By, leading to loss of vitamin B».
The role of light and trace elements in degradation of fat-soluble vitamins by photoperoxi-
dation is particularly relevant, given that this gives rise to destruction of vitamins and the
genesis of radicals that can worsen the state of EL [20,88,89].

Notwithstanding, certain vitamins deserve special attention in relation to their stability
in PN/SPN and the various factors that can affect them as follows.

(a) Vitamin C. It can undergo chelating processes due to cysteine content of the amino acid,
as well as oxidative processes due to oxygen permeability of the bag. The degradation
processes that can develop due to a temperature increase are of interest [88,89].

(b) Vitamin A. It is degraded by photoperoxidation, which implies the need for photo-
protection of the bag. However, there are discrepancies regarding adsorption of said
vitamin in the PVC bag, which could influence the rate of intestinal absorption [88,89].

(c) Vitamin E. It presents greater stability when protected from light and refrigerated.

(d) Group B vitamins. Their stability depends on photoprotection, temperature and
storage conditions. Special aspects include the fact that increased stability of folic
acid is associated with PVC bags and that vitamin B presents more stability in the
absence of bisulfites in the amino acid solution. On the other hand, refrigeration
affords greater stability to vitamin Bjy, while the stability of vitamins B, and By is
conditioned by the presence of oxygen and pH [20,88,89].

6.5. Mixing Order of the Components

During preparation of PN, lipid emulsions must be added at the last possible moment
to obtain the least possible percentage of globules with a size greater than 6 pm and thus
avoid the formation of precipitates. Clinical practice guidelines and ASPEN guidelines
establish that an adequate mixing order that avoids the formation of precipitates will
follow the order of amino acid solutions and phosphate source, glucose solutions, vitamins,
sodium and potassium, trace elements, divalent cations, electrolyte solution, lipids, and
calcium [90]. This takes on special relevance in SPN, since the supplements must be added
at the end of the preparation to avoid precipitation and/or breakage of the emulsion.

6.6. Addition of Drugs

Considering the risk of safety and stability of PN after incorporation of drugs in the
same bag, ASPEN clinical practice guidelines recommend not making mixtures except in
cases in which there is scientific documentation that takes into consideration the concentra-
tion of amino acids, glucose, dextrose and electrolytes, the type of emulsion fat, the type
and concentration of trace elements, pH and Pka, acidic or base nature of the mixture as a
whole, as well as the additives of the drug concerned, and that shows that the mixture will
not cause compatibility or stability issues and therefore that the therapeutic action of the
treatment will not be compromised [2,20].
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6.7. Temperature

Refrigeration of PN is the best conservation technique to prolong its useful life when
faced with high temperatures that lead to an increase in reactivity and interactions between
the components, risk of calcium phosphate and ascorbic acid precipitation, as well as
dissociation of calcium salts that generates free calcium ions that can form complexes with
phosphate salts [89].

6.8. Storage Bags

Oxygen and/or light are factors that negatively affect the stability of PN components,
especially of vitamins (used in SPN) and lipids. Oxidation of some vitamins and lipid
peroxidation are catalyzed by light, with the presence of oxygen being the decisive factor
in the process. Therefore, the material of the bag in contact with the PN must be chemically
inert and avoid the presence of components that adsorb other components of the PN,
with the most accepted being the EVA (ethylene-vinyl acetate) bag, which has undergone
various modifications over time. The modification that stands out the most is the new
multilayer EVA bag that provides total non-permeability to oxygen. In addition, the
multilayer EVA bag also provides certain photoprotective action against both UVA and
UVB radiation [2,20,103].

Three-chamber bags include an electrolyte compartment and are equipped with ports
for controlled addition of trace elements, vitamins and micronutrients (vitamins and trace
elements) that can be added to the reconstituted mixture as needed. In this regard, EVA
bags should prevent oxidation-reduction reactions (oxygen plus high temperature and
humidity), hydrolysis (dependent on temperature and pH), and photochemical reactions
(conditioned by resistance, porosity and elasticity of the bag). Filters can be used throughout
the filling process to prevent particles of variable size from entering the bag and posing a
considerable risk, such as catheter obstruction or pulmonary embolism.

After preparation of the PN and until its administration, it should be stored and preserved
under certain conditions, such as at a temperature of 4-8 °C and guarded from light to
guarantee its stability, compatibility and safety. It is advisable to administer the PN as soon as
possible and not allow it to remain for more than 24 h at room temperature [20,103-105].

7. Conclusions

EL is a disaster drawer with no protocol, recommendations or guidelines defined in
clinical practice guidelines that can be standardized and applied to everybody, but rather,
the nutritional status and clinical symptoms resulting in EL must be assessed individually.
All this is required to ensure the best decisions regarding the establishment of SPN after
considering its benefits and disadvantages. At present, there are numerous doubts about
the real role that SPN can play, and they have not been resolved or adequately studied,
given that some studies show a positive action, others show a negative one, and others
do not attribute any type of action to SPN, but all of them agree on the need to continue
conducting more research. This article has addressed the usefulness of SPN in EL in terms
of justification given the situation of hypermetabolism, the different supplements involved,
and the techno-pharmaceutical elements of interest to guarantee safety and stability. All
this represents a starting point for a more exhaustive and in-depth line of research that
allows us to open up a specific area of study on the different types of supplements used in
PN in daily clinical practice and their potential beneficial action to reduce symptomatology
in order to help improve the quality of life of patients, as well as to optimize certain health
resources that could be achieved with SPN.
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