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Abstract

Parenteral nutrition (PN) is the administration of a nutritional formula by means other

than the gastrointestinal (GI) tract. The formula may include carbohydrates, amino

acids, lipids, electrolytes and/or micronutrients. The primary indications for PN are

intestinal failure (IF) due to an underlying disease or treatment, or if the GI tract is not

accessible. The goals of PN should be to ensure adequate nutrition provision to meet

patient needs while minimising the risk of complications. PN should be commenced in

<48 h in patients who are malnourished or otherwise within 7 days if oral or enteral

nutrition is not possible or insufficient. There has been evolution in PN techniques and

technology, and the risks associated with PN administration have been reduced. Monitor-

ing clinical, laboratory and metabolic parameters in acute IF is essential to provision of

safe nutritional support. When provided to appropriate patients with IF in a timely and

considered manner, PN has been shown to be safe, improve nutritional parameters and

reduce complications associated with malnutrition. This review aims to provide clinicians

a practical guide for the management of PN in adult patients within the acute setting.

Introduction

Parenteral nutrition (PN) is the administration of a nutri-
tional formula by means other than the gastrointestinal
(GI) tract. Complete nutritional needs may be provided as
total parenteral nutrition, or supplemented, and the for-
mula may include carbohydrates, amino acids, lipids,
electrolytes and/or micronutrients. The primary indica-
tion for PN in acute illness is to meet the nutritional needs
of patients with intestinal failure (IF) due to disease or
treatment, or an inaccessible GI tract. This review focuses
on providing clinicians with practical guidance regarding
PN management in acutely unwell adult patients.

Background

Nourishing patients with the use of intravenous or subcu-
taneous nutritional substrates was attempted for many
decades; however, this was not successfully achieved until
the late 1960s.1 Early animal experiments utilised glucose

and amino-acid based solutions with a separate infusion
of cottonseed lipid emulsion, which lacked essential fatty
acids.1 The risk of infection (in part due to the care of the
line itself and modular administration of each macronu-
trient component leading to frequent line access), over-
feeding/‘hyperalimentation’, and insufficient vitamin/
mineral supplementation led to the general impression
that PN was ‘bad’, and use should be restricted. Moreover,
the fatty acid composition of early generation soybean-oil
lipid emulsions (consisting of approximately 50% omega-
6, 25% omega-9 and 10% omega-3 fatty acids) has been
associated with suppression of the immune system and
increased inflammatory responses.2 In contrast, modern
generation olive oil and fish oil-based lipid emulsions
contain less omega-6 fatty acids and therefore it has with
a lower inflammatory profile.2 Due to the significant dif-
ferences to original PN solutions, modern solutions are
considered much safer. The advantages of modern solu-
tions and premixed multi-chamber systems are3:

1 Incorporation of modern olive oil and fish oil-based
lipid emulsions that are lower in omega-6 and higher in
omega-3 fatty acids.Funding: None.
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2 Higher lipid concentrations, avoiding excessive glucose
provision while remaining isocaloric.
3 Reduced osmolarity due to increased lipid, lowering
the risk of phlebitis.
4 Reduced risk of infection due to decreased bag
changes and interactions with the delivery line.
5 Adequate provision of vitamins and trace elements.
6 Reduced cost and pharmacy time.
7 Suitability for the majority of patients.

Indications and contraindications
for PN

Indications

The European Society for Parenteral and Enteral Nutri-
tion consensus guidelines define IF as a reduction in gut
function below the minimum necessary for the absorp-
tion of nutrients from the GI tract to maintain health
and growth.4,5 IF can be further categorised based on
onset, metabolic condition and expected outcome. These
categories are summarised in Table 1. This review will
focus on prolonged acute Type II IF.6

In acutely ill patients with Type II IF, the timing of PN
differs depending on underlying nutritional status, with
the presence or absence of malnutrition determining
how quickly PN is initiated. The Global Leadership Initia-
tive on Malnutrition defines malnutrition as:7

• low body mass index (<20 kg/m2 if <70 years or < 22
kg/m2 if >70 years);
• unintentional loss of weight (≥5% in the past
6 months); or
• reduced muscle mass

with evidence of

• reduced nutritional intake; or
• a condition impacting absorption or inflammation due
to acute or chronic disease.

PN should be considered within 48 h in malnourished
hospitalised patients if: (i) enteral nutrition (EN) or oral
nutrition cannot be commenced; or (ii) EN or oral intake
is <50% of requirements (and PN is therefore ‘supple-
mental’ in some cases); and (iii) PN is likely to continue
for ≥3 days.8 In contrast, for well-nourished patients
who are able to tolerate some amounts of oral or EN, it
is reasonable to monitor progress over 7 days and com-
mence PN if nutritional intake remains less than 50% of
requirements (‘supplemental PN’).8 However, the devel-
opment or exacerbation of malnutrition should be a con-
sideration in the commencement of PN.

In malnourished GI surgical cancer patients who can-
not maintain adequate EN or oral intake, pre-operative
PN for 7–14 days may reduce complications and possibly
mortality.8 For all other clinical areas there is limited
definitive evidence as to whether PN is associated with
improved clinical outcomes, although PN clearly
increases energy and protein provision and this may

Table 1 Types of intestinal failure (IF) (Adapted from Klek et al.6 and Pironi et al.,5)

Type Description Length of time Examples Goals of management

Type I IF
Acute

• Often self-limiting, and
resolves with minimal
medical management

• May require short-term
PN or i.v. support

Days • Acute nausea or vomiting
• Acute ileus following surgery
• Increased gastric aspirates in

unstable critically ill patients

• Resolution of IF with medical
management

• Establish EN as soon as
possible (as per ERAS
protocols)

Type II IF
Prolonged acute

• Signs of GI dysfunction
are prolonged

• Often in metabolically
unstable patients,

• Requires complex
multi-disciplinary care
and PN

Weeks to months • Prolonged paralytic ileus
• Significant gastrointestinal

dysmotility
• Intraabdominal sepsis
• Gastrointestinal fistula
• High output stoma
• Severe mucositis

• Control sepsis and other organ
dysfunction

• i.v. nutrition support while
achieving resolution of IF

Type III IF
Chronic

• Often occurs in
metabolically stable
patients

• PN support is required
for many months or
years and in some
cases life long

Months to years • Short bowel syndrome (<50 cm of
small bowel with colon intact or
<100 cm of small bowel to an end
stoma)

• Chronic GI dysmotility disorders
• Pseudo-obstruction
• Extensive small bowel mucosal

disease such as radiation enteritis

• Maintain hydration
• Restore nutritional status
• Optimise GI function where

possible

EN, enteral nutrition; ERAS, enhanced recovery after surgery; GI, gastrointestinal; IF, Intestinal failure; i.v., intravenous; PN, parenteral nutrition.
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have positive effects on nutritional status and weight in
some patient groups.8

Contraindications

PN is not indicated in normally nourished patients if the
GI tract is accessible, functioning and nutritional needs
are likely to be met by oral or enteral nutrition within
5–7 days.8 This may include well-nourished post-
operative patients, likely to progress to full nutrition
within a few days or a well-nourished patient awaiting a
surgical procedure which will improve GI function
and/or accessibility.8 PN should be used cautiously
where there is evidence of fluid overload, or severe elec-
trolyte abnormalities. Furthermore, PN should not be
used as first line treatment in conditions such as acute
pancreatitis and inflammatory bowel disease.9

Composition of modern PN solutions

Due to the risk of nutrient deficiencies, PN solutions
need to provide all essential nutrients. Modern PN solu-
tions come in three options3:

1 Three chamber all-in-one bags (with or without elec-
trolytes) where macronutrients are separate and are
mixed just prior to administration, and then trace ele-
ments and vitamins are added. The advantage of these
bags is the longer shelf life and they do not require
refrigeration until after mixing.
2 Ready made all in one bags that do not require
mixing, which include all macro- and micro-nutrients.
These have a shorter shelf life and require refrigeration.
3 Individualised formulations, compounded for specific
needs (Table 2).

Table 2 outlines the components of PN solutions and
details the considerations that should be taken into
account when administering PN.

Methods of delivering PN

Most commonly, PN is delivered through a central
venous access device (CVAD). Non-tunnelled catheters,
such as peripherally inserted central catheters (PICC) or
a central venous catheter are more easily inserted, and
are suitable for short-term use, making them the most
common choice for Type II IF. Single lumen tunnelled
lines (such as a Hickman catheter) and ports are pre-
ferred for longer term use.10 CVAD offer a longer dwell
time, more secure access (reducing interruptions to PN
delivery), and reduced likelihood of complications asso-
ciated with the delivery of highly concentrated

(hypertonic) solutions.10 Because of their high osmolar-
ity, standard PN solutions must be administered into a
large central vein, with a high rate of flow. Common
sites for CVAD insertion include the internal jugular,
subclavian or femoral veins, although upper torso access
is generally favoured for longer term CVAD placement.
PICC lines typically involve access through the basilic or
cephalic vein in the upper limb. Insertion requires a
skilled operator, often utilising ultrasound guidance and
meticulous infection prevention.
Given the potentially significant complications (and

delay outside of intensive care) associated with CVAD
insertion to facilitate PN delivery, alterative options are
being increasingly utilised. Administration through
peripheral venous access reduces these risks, albeit local
vascular complications (such as thrombophlebitis and
irritation related to the osmolarity of the solution) are of
greater concern. The osmolarity of the administered for-
mulation is therefore limited to less than 850–900
mOsm/L, affecting the composition of the solution that
can be provided.11 Total nutritional requirements are
therefore unlikely to be met as the glucose content must
be limited, although total provision of nutrition require-
ments should not be the main goal of peripheral
PN. Rather, such therapy can be considered as a short-
term (typically less than 7 days) bridge to either
reinstituting nutrition through the GI tract, or delivery of
PN through a CVAD. If peripheral access is utilised, the
smallest cannula possible should be sited in the largest
available forearm vein, to reduce the risk of phlebitis.
Similarly, only specific peripheral PN formulations
should be provided.

Commencing PN

The indication and goals of PN should be identified
clearly at commencement, and revised regularly to
ensure adequate nutrition provision while minimising
the risk of complications (or at the very least, allowing
their early detection and management).12,13 Therefore,
PN regimens are generally based on meeting overall
energy requirements first, to avoid overfeeding, and
then other macronutrient and micronutrient require-
ments are considered. There is little evidence to guide
the optimal starting regimen for PN. If there is no risk of
re-feeding syndrome or other metabolic issues it may be
appropriate to commence PN at the target rate with close
monitoring. Typically infusion rates vary between
40 and 150 mL/h, although cyclic infusions may be as
high as 300 mL/h. In these instances, gradual progres-
sion with close monitoring is recommended.13 If there is
concern of re-feeding, PN can be commenced at a
reduced rate with a gradual progression to the target rate
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(see section on metabolic complications for specific
advice).12

Risk reduction, monitoring and
complications of PN

Risk reduction and monitoring

Monitoring of clinical, laboratory and metabolic parameters
in acute IF is essential to provision of safe PN and is the
responsibility of a suitably experienced multidisciplinary
treatment team, including at least a dietician, nurse, medi-
cal practitioner and pharmacist.12–14

The frequency of monitoring and review depends on
the stability of the clinical situation. In the initial phase

of PN, and during times of metabolic instability, daily or
more frequent review may be required.

A UK national audit of PN practices found that meta-
bolic complications occurred in 40% of patients, and in
49% these were judged to be avoidable.15 Despite there
being no studies assessing the impact of regular monitor-
ing, it is considered good practice systematically to moni-
tor several domains (outlined in Tables 3,4).12 To reduce
complications and ensure safety, all hospitals should
have a PN guideline that encompasses recommendations
for assessment and documentation of PN indications, the
PN prescription and goals of treatment, and the required
clinical and biochemical monitoring, including the iden-
tification and management of re-feeding syndrome.
Tables 3 and 4 provide guidance for safe provision of PN
and parameters that should be monitored.10,12,14–17

Table 2 Components of parenteral nutrition (PN) solutions and administration considerations (Adapted from Sobotka3)

Component Source Requirements Cautions

Energy The total energy is calculated from the
three macronutrient components
(carbohydrates, lipids and amino acids)

Individual requirements should be
calculated based on clinical condition,
body weight and goals of treatment

Energy overfeeding should be avoided
In most cases >35 kcal/kg would exceed
nutritional requirements

Carbohydrates Glucose (25 or 50% solutions are most
commonly used)

Basal requirement approximately 2 g/kg/
day

Avoid exceeding the maximum glucose
oxidation rate of 4–7 g/min/kg (5–10
g/kg/day)
Glucose concentrations >10% may cause
thrombophlebitis when infused
peripherally

Lipid Lipid emulsions are available in several
different forms in Australasia;
Early generation: Soybean 100%, higher in
Omega-6
New generation: Olive oil mixed (80%
Olive and 20% soybean) or Mixed (Fish
15%, Soy 30%, MCT 30% and Olive 25%)
(lower in Omega-6)

Essential fatty acids requirements are
9–12 g/day of linoleic acid and 1 to 3
g/day of alpha-linolenic acid

Lipid infusion should not exceed 0.11
g/kg/h or limit to a maximum of 2 g/kg/
day

Amino acids Adult solutions range from 3.5 to 20%
concentrations
All essential and conditionally essential
amino acids are provided. Solutions are
available with or without electrolytes

Estimated requirements should be based
on clinical condition (range between 0.8
and 2.0 g/kg/day)
Adequate energy must be provided with
amino acids so that protein synthesis
can occur

Protein provision may need to be
restricted in chronic renal failure to
maximum of 1 g/kg/day

Electrolytes Usually provided within the amino acid
solution

Standard provision approximates normal
requirements, assuming normal organ
function without abnormal losses

Deficiencies and overload can occur in
acutely ill patients
Additional electrolytes can be added in
some circumstances; pharmacy should
be consulted to ensure solution stability
or intravenous supplementation may be
required

Vitamins and
trace
elements

Commercially available mixed vitamin and
trace element solutions are available for
addition to PN solutions

Commercially available products meet
approximately daily micronutrient
requirements

Patients requiring PN can be at risk of
micronutrient deficiencies and therefore
these should be monitored regularly

Fluid Water is the largest component of a PN
solution. Alterations are difficult as the
volume is based on the concentrations
of the three macronutrient solutions

Normal fluid requirements are
approximately 30–35 mL/kg/day

Patients receiving PN are at risk of
overload and depletion therefore fluid
balance should be closely monitored
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Complications

Central line associated blood stream infection (CLABSI):
CLABSI is one of the most important complications asso-
ciated with PN, and given the strong association with
greater in-hospital mortality and length of stay, rates are
a heavily scrutinised quality of care metric.18 Evidence-
based local guidelines for line placement and care should
exist, and must be carefully followed to minimise the
risk of infection.

Other catheter-associated problems

Other catheter related complications include damage to
surrounding structures, bleeding, venous thrombosis
and/or stenosis and line obstruction (which may occur
due to precipitation of infusates and thrombosis). Precip-
itation can be prevented by appropriate nursing care,
including continuous infusion of PN by pump, utilisation
of appropriate protocols for flushing when the catheter is
not in use (or after blood withdrawal), avoidance of rou-
tine use of the catheter for infusion of products other
than PN (including infusion or withdrawal of blood
products) and preventing direct contact between lipid PN
and heparin solutions.18 To prevent thrombosis, the tip
of the catheter should be placed at, or near to, the cavo-

atrial junction and endothelial trauma should be
minimised during insertion. A catheter made of a sili-
cone or later-generation polyurethane is least
thrombogenic and should be selected with the smallest
practical calibre and least number of lumens as required.
If venous thrombosis occurs in relation to central access
for PN, international guidelines recommend the CVAD
need not necessarily be removed, provided it is well posi-
tioned, is non-infected, and clot resolution can be dem-
onstrated with systemic anticoagulation.19 Although
3-months of therapy is recommended, this may not
always be possible in acutely unwell patients, and line
removal may be appropriate.19,20

Metabolic problems

Acutely ill and postoperative patients may have signifi-
cant disorders of fluid and electrolyte balance and dys-
regulation of sodium and chloride excretion.21 Careful
assessment of fluid status is required, whereby the co-
administration of balanced isotonic intravenous fluid
may be required to ensure euvolaemia.21

Re-feeding syndrome is a potentially fatal metabolic
complication in severe cases and is characterised by fluid
and electrolyte derangements occurring during the intro-
duction of nutritional support. While there are non-specific

Table 3 Safety and monitoring of parenteral nutrition (PN) provision

Domain Measurement Frequency

Goal of treatment Consider presenting condition, comorbid disease, quality of life, prognosis
and patient and families wishes

Initial assessment and at least weekly

Indication Gastrointestinal function, goals of treatment, nutritional status and
nutritional intake from other sources

Daily, possibly reduced to twice weekly in
stable conditions

Nutrition provision Assessment of total energy and macronutrient provision form PN and other
sources (oral and enteral) to ensure daily needs are met
Once nutrition provision from other sources exceeds >50% of requirements
PN could be weaned

Daily, possibly reduced to twice weekly in
stable conditions

Nutritional
parameters

Weight Daily if fluid balance is a concern, otherwise
weekly, reducing to monthly

Other anthropometric measures to monitor nutritional status:
• Mid-arm circumference
• Triceps skinfold thickness
• Bioimpedance spectroscopy
• Possible quadriceps muscle ultrasound

If weight is not possible or likely to not reflect
nutritional adequacy, complete weekly
reducing to monthly

Clinical parameters Temperature Daily
Gastrointestinal
function

• Nasogastric tube outputs
• Bowel function and stoma outputs
• Abdominal distension

Daily in acute conditions, assessing the
appropriateness of the current mode of
nutrition delivery

Fluid balance • Total inputs and outputs
• Volume status and evidence of oedema

Daily, to weekly in stable patients

Functional capacity Muscle strength and physical function assessments
• Handgrip strength
• 6-min walk test
• Short Physical Performance Battery

Weekly to monthly, if possible
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clinical manifestations, the most sensitive biochemical
marker is the development of hypophosphataemia, with
values <0.6 mmol/L associated with increased mortality in
the intensive care setting, and levels <0.32 mmol/L causing
manifestations of impaired neuromuscular function such as
seizures, paraesthesia, cramps, muscle weakness including
respiratory muscle failure and cardiomyopathy.22,23 Table 5
outlines the criteria for patients considered at high risk of
re-feeding syndrome.12,22

In patients at risk, documentation of risk status should
be clear, and appropriate care directed towards monitor-
ing and treatment of complications. The risk of re-
feeding may be lessened by slow introduction of energy
at the commencement of PN (starting at a maximum of
10–15 kcal/kg/day or half of this in extreme cases),
increasing slowly to meet requirements by 4–7 days. The
need for continuous cardiac monitoring, administration
of thiamine (100–300 mg/day depending on risk of
Wernicke encephalopathy) and B group vitamins, care-
ful fluid and electrolyte monitoring and replacement
should be considered.12,22 Protocalised calorie restriction
was found to improve 60 day survival and increase

overall survival time compared to standard nutrition care
in 339 critically ill adults who had developed re-feeding
syndrome (defined by a low phosphate within 72 h of
nutrition support commencement).24

Maintenance of euglycaemia during PN is associated
with fewer complications.14,17 Intensive insulin therapy
(target blood glucose ≤6.1 mmol/L) is associated with a
higher incidence of potentially dangerous hypoglycaemia
with no demonstrated advantage to a more liberal target
of 8.3–10 mmol/L.14,17,25,26 Hyperglycaemia may repre-
sent insulin resistance due to inflammation, but progres-
sively increasing insulin requirements may reflect
overfeeding.

Abnormal liver biochemistry occurs frequently in
patients receiving PN (up to 85% of patients in some
series).6 In adult patients with acute IF, these abnormali-
ties are generally mild and most often related to underly-
ing sepsis or pre-existing liver disease.27

Overfeeding of energy can easily occur with PN as the
infusion is rarely interrupted, therefore a conservative
energy target is recommended. Exceeding energy require-
ments by 110–120%, and particularly >25 kcal/kg/day, has

Table 4 Biochemical monitoring (Adapted from the National Collaborating Centre for Acute Care,12)

Domain Laboratory test Recommended frequency

Hydrations and renal
function

Sodium, potassium, urea, creatinine At baseline, daily until stable then 1–2 times/week

Glucose tolerance Blood glucose level At baseline, 1–2 times/day (more if needed) until stable then
weekly†

Anaemia status and
evidence of infection

Full blood count and MCV At baseline, 1–2 times/week until stable, then weekly

Electrolytes/re-feeding risk Potassium, magnesium, phosphate, calcium At baseline, daily if at risk of re-feeding syndrome, three times a
week until stable then weekly

Liver biochemistry Liver biochemistry including international
normalised ratio

At baseline, twice weekly until stable then weekly

Acute phase protein Albumin At baseline, then weekly
Inflammation C-reactive protein At baseline, then 2–3 times/week until stable
Micronutrients Zinc, copper At baseline, then every 2–4 weeks, depending on results

Selenium At baseline if risk of depletion; further testing dependent on
baseline

Iron, ferritin At baseline, then every 3–6 months
Folate, B12 At baseline, then every 2–4 weeks

†The frequency of glucose monitoring in most other guidelines is greater: in the initial phase, at least every 4–6 h is endorsed.

Table 5 Criteria for people at high risk of re-feeding syndrome

Patient who has one or more of the following Patient who has two or more of the following

BMI less than 16 kg/m2 BMI less than 18.5 kg/m2

Unintentional weight loss greater than 15% within the last 3–6 months Unintentional weight loss greater than 10% within the last 3–6 months
Little or no nutritional intake for more than 10 days Little or no nutritional intake for more than 5 days
Low levels of potassium, phosphate or magnesium prior to feeding A history of alcohol abuse or drugs including insulin, chemotherapy,

antacids or diuretics

BMI, body mass index.
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been shown to cause elevated liver enzymes within days
and is associated with increased rates of sepsis in critically
ill patients.23,28 Glucose administration at rates greater than
5 g/kg/min, and accompanying endogenous or exogenous
hyperinsulinaemia, causes hepatic steatosis and liver dys-
function. Liver enzymes can be improved by cyclic provi-
sion of PN (interruption of glucose infusions for 8 or more
hours each day).27 The use of lipid emulsion for energy
provision reduces the incidence of steatosis, but high doses
(particularly >1 g/kg/day of soybean oil-based lipid) are
associated with liver function abnormalities.29 Newer blend
lipid emulsion containing medium-chain triglycerides (olive
oil or fish oil) may exert anti-inflammatory properties
resulting in improvements in liver biochemistry; however,
data are scarce regarding any clinical advantage of these
emulsions in longer term use.2 The final strategy to
improve deranged liver enzymes may be to trial a lipid free
solution but care must be taken to avoid increases in glu-
cose contribution to maintain energy.

Ceasing PN

PN should be ceased when oral or EN is well established.
In patients who are severely malnourished, there may
be some benefit of a cross-over period, particularly
where malabsorption is evident. There is a risk of
hypoglycaemia, particularly for patients who have
received insulin if PN is ceased when oral or EN has not
been established. In such cases, it is recommended that
blood sugar levels are checked within 1 h post sudden
cessation and supplemented as required.12,13

Special considerations in the acute
setting

Micronutrients

Micronutrients are generally separate in commercially
available PN solutions to ensure longer shelf life and can
be added to PN at the time of infusion if compatible, or
provided separately. These products generally meet the
requirements for intravenous provision of micronutrients,
but may not correct deficiencies.30 Vitamins, minerals and
trace elements should be provided from the first day of
PN delivery, as delay risks depleting a compromised
patient’s micronutrient stores and impairing the ability to
utilise the nutrition provided appropriately. Patients on
PN for longer than 3–6 months need close monitoring of
micronutrient status for depletion or toxicity, depending
on the underlying clinical situation.

Food allergies

Potential allergens should be considered when PN is pre-
scribed, with the main allergens present being egg, soybean
and fish. A recent systematic review found that hypersensi-
tivity reactions are rare, but in the described cases, occurred
due to the intravenous fat emulsion (48.4%), multivitamin
solution (33.3%) and amino acid solution (9%).31 For
patients with documented anaphylaxis, caution should be
exercised and consultation with a Clinical Immunologist
considered. Commencement of the potential allergen
under close supervision may be appropriate.

Application of PN in the intensive care unit

The use of PN and the timing for commencement in the
intensive care unit (ICU) remains a controversial topic due
to conflicting trial results. Two contemporary large,
well-conducted randomised controlled trials (RCT) have
demonstrated that the complications associated with the
provision of PN are similar to that of EN or standard care
nutrition (which may include no nutrition).32,33 This is in
contrast to previous evidence obtained using older PN
solutions, higher energy targets, and less stringent line con-
trol.34 One large RCT including 4641 patients indicated
that delayed (Day 8) supplemental PN resulted in earlier,
discharge alive from the ICU and the hospital compared to
early (Day 3) supplemental PN.35 However, these results
are difficult to generalise to other populations due to trial-
specific factors such as the use of tight glycaemic control,
the short duration of ICU stay of 4 days (meaning PN may
not have been indicated), and likely overfeeding.35

A pragmatic approach is to consider carefully the under-
lying clinical and nutrition condition when deciding when
to initiate PN in the ICU. PN should be initiated as early as
possible where otherwise indicated in pre-morbidly mal-
nourished patients who are: (i) unable to tolerate any EN;
or (ii) when EN is insufficient; or (iii) nutrition intake has
been poor for >5 days. For other patients without malnutri-
tion, clinical guidelines recommend waiting between 3–
7 days to determine if PN is indicated; the length of time to
wait before commencement should be considered on a case
by case basis, informed by the underlying diagnosis.14,17

The provision of glutamine to critically ill patients
through parenteral supplementation was common prac-
tice some years ago. However, a large, double-blind,
multicentre RCT found a significant increase in mortality
with high doses of glutamine in unstable critically ill
patients (specifically in the group that were more
severely unwell with more organ failure).36 Therefore,
the provision of glutamine in PN is no longer rec-
ommended in critically ill patients.
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Conclusion

The provision of PN was first successfully achieved
in the late 1960s, albeit associated with many com-
plications. Over the past several decades, significant
advancements in PN formulations, along with an

enhanced understanding of what is safe and best
practice have reduced complications. Appropriate
use of PN is safe, improves nutritional parameters
and reduces complications associated with
malnutrition.
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