
Table S2. Detailed commentaries and references. 
 

Recommendation 1: Parenteral nutrition (PN) is indicated in patients who are 
unable to meet their nutritional needs orally and/or enterally as a result of 
suboptimal function of the gastrointestinal tract (GIT) or in whom the GIT is not 
accessible.  
 
Commentary: PN provides essential nutrients intravenously and bypasses the GIT. It can 
be used to provide complete nutritional requirement (total parenteral nutrition) or 
partial nutritional requirement (supplemental PN) to supplement oral and/or enteral 
feeding. PN should only be considered when it is not possible to meet individuals’ 
nutritional needs orally and/or enterally due to suboptimal function of the GIT or when 
GIT is not accessible. The 5 broad categories of conditions that may require PN are 
impaired absorption and/or loss of nutrients, mechanical bowel obstruction, clinical 
need for bowel rest, bowel motility disorders and inability to achieve or maintain enteral 
access.5  
 
In a meta-analysis of studies in the critical care setting,6 the use of enteral nutrition (EN) 
was found to significantly reduce infectious complications and length of stay in the 
intensive care unit (ICU) when compared to PN. Similar findings were also observed in 
other studies with non-ICU patients7-11 where EN was associated with lower rates of 
infection and postoperative complications, and reduced length of hospital stay. In a 
landmark technical review of 82 randomised controlled trials (RCTs)12, PN was not found 
to improve survival, total complications or length of stay compared to standard therapy. 
Besides, some studies13 found that PN resulted in more harm such as increased risk of 
infection, poorer response to cancer treatment and higher mortality. Hence, whenever 
possible, oral and/or EN should be optimised before initiating PN as they are 
physiologically more advantageous, cost-effective and associated with fewer 
complications. PN should not be started until all pragmatic approaches to improve 
tolerance to oral or EN have been attempted.    
 
Recommendation 2a: For patients who are well-nourished on initial assessment, 
initiating PN can be considered after 5–7 days of not achieving 60% or more of 
estimated total energy requirement.  
 
Recommendation 2b: For patients who are severely malnourished or at high risk 
of malnutrition, consider initiating PN earlier than 5 days of not achieving 60% or 
more of estimated total energy requirement. 
 
Commentary: The optimal time to initiate PN remains debated and unclear. Due to 
large heterogeneity in studies, recommendations made in clinical practice guidelines 
are fundamentally based on expert opinions. The European Society of Parenteral and 
Enteral Nutrition (ESPEN) 2019 guideline suggested that supplemental PN should be 
initiated in all critically ill patients 3 days after admission if oral and/or EN is below 60% 
of the energy requirement, regardless of nutritional status. In contrast, the American 
Society of Parenteral and Enteral Nutrition (ASPEN) and Society of Critical Care 
Medicine (SCCM) 2016 guideline14 recommended initiating PN only after 7 days of ICU 
admission, as supplemental PN in the first week of ICU stay does not improve clinical 
outcomes and may even cause potential harm.15 These recommendations made, 
however, were criticised as it was based on data that did not consider the nutritional 
status of the patients.  
 



Although some studies16-18 found no significant difference in mortality when comparing 
early PN and late PN, the EPaNIC study19 observed that late PN initiation 7 days after 
admission was associated with lower incidence of infections, earlier recovery from 
organ failure and shorter hospital stay compared to early PN initiation before 7 days. 
On the other hand, findings of a recent retrospective analysis where surgical patients 
were stratified based on their nutritional risk19 revealed that those with high risk of 
malnutrition who received early supplemental PN within 48 hours after emergency 
surgery had a better survival when compared to those who did not receive PN earlier. A 
favourable finding was also demonstrated in another RCT where early supplemental PN 
in patients undergoing major abdominal surgery with high nutritional risk20 was 
associated with reduced nosocomial infections. 
 
Hence, taking all the above-mentioned into consideration, we recommend initiating PN 
after 5–7 days for well-nourished patients who have not been able to achieve 60% or 
more of estimated total energy requirement and earlier than 5 days for patients who are 
severely malnourished or at high risk of malnutrition. 
 
Recommendation 3a: Contraindications to PN include patients with critical 
electrolytes abnormalities, specifically serum potassium (K) <2.5 mmol/L, serum 
sodium (Na) <125 mmol/L, serum phosphate (PO4) <0.4 mmol/L or serum 
magnesium (Mg) <0.5 mmol/L. 
 
Commentary: Metabolic complications can occur during PN administration due to 
intracellular shifts of glucose, electrolytes and fluid. Refeeding syndrome is a potentially 
fatal condition that may occur when artificial nutrition is introduced after prolonged 
starvation or minimal nutrient intake. Rapid feeding may worsen electrolyte 
derangement and exacerbate pathophysiological complications that adversely affect 
muscular, cardiac, respiratory, neurological, haematological and hepatic systems.  
 
Severe and life-threatening electrolyte abnormalities are defined as serum K <2.5 
mmol/L, serum Na <125 mmol/L, serum PO4 <0.4 mmol/L and serum Mg <0.5 
mmol/L.21-24 There is a lack of RCTs and observational studies to guide the threshold for 
electrolytes at which PN could be started or withheld. Hence, it is not recommended to 
start PN for patients who have critical electrolytes abnormalities until it has been 
adequately corrected.25,26 PN should only be initiated after electrolytes are at an 
acceptable level after replacement. Due to lack of evidence on this matter, we 
recommend that PN should be initiated with caution when electrolytes are replaced 
and rechecked to an acceptable level of at least K >3 mmol/L, Na >125 mmol/L, 
Phos >0.6 mmol/L and Mg >0.6 mmol/L. 
 
Recommendation 3b: Contraindications to PN include patients who have suffered 
irreversible brain injury or terminal illness where there is a lack of therapeutic goal 
to prolong life in the inevitable death. 
 
Commentary: PN is not encouraged for patients with irreversible brain injury or terminal 
illness due to its potential complications, cost and futility. Besides, PN therapy may lead 
to unnecessary prolongation of suffering. PN may, however, be considered in a 
subgroup of terminally ill cancer patients who have reasonable functional status 
(Eastern Cooperative Oncology Group <3, Karnofsky status >50) and with an expected 
survival of more than 3 months when oral and/or EN is not feasible due to intestinal 
obstruction or high output fistula.27 
 



Recommendation 3c: Contraindications to PN include patients who have no 
suitable venous access for PN. 
 
Commentary: The preferred delivery of PN is through central venous access (inserted 
either peripherally or centrally), especially for those who require longer-term PN 
support.28,29 Delivery of PN through central venous access allows solutions of higher 
osmolality and volume to be infused as compared to delivery of PN through peripheral 
venous access. A dedicated catheter for PN delivery is recommended. These catheters 
should be handled using aseptic technique all the time. Withdrawal of blood via these 
catheters should be avoided. When catheter-related sepsis or blockage happens, 
catheter removal may be required. However, if all possible routes for central venous 
access have been exhausted, PN delivery through the peripheral route may be 
considered. 
 
Recommendation 4: Patients on PN support in hospital should be managed by a 
nutrition support service consisting of a team of trained physician, nurse, dietitian 
and pharmacist. 
 
Commentary: PN is a complex and specialised form of nutrition support. Inappropriate 
use and prescription of PN may lead to severe electrolyte disturbances, metabolic 
complications and even death.30 Consulting a multidisciplinary team of HCPs dedicated 
to PN support has been demonstrated to enhance the quality of care, promote 
appropriate use of PN, improve clinical outcomes and reduce the incidence of adverse 
PN-related complications.31-34  
 
Dietitians play a pivotal role in conducting individualised nutritional assessments to 
determine patients’ specific nutritional needs. They develop and implement 
personalised nutrition care plans and monitor the effectiveness of interventions. They 
are also responsible in identifying and preventing metabolic complications, such as 
refeeding syndrome. Pharmacists are integral to the safe administration of parenteral 
nutrition. They are tasked with designing, compounding and dispensing PN 
formulations tailored to patients’ needs. They ensure the safety and quality of PN 
preparations by adhering to stability, compatibility and aseptic standards. Nurses are 
responsible for managing and maintaining central venous access devices used for PN 
administration. This includes monitoring for and preventing complications, such as 
catheter-related bloodstream infections and thrombosis. The physician is responsible in 
determining the indication for PN, conducting accurate assessment, overseeing the 
monitoring for complications, as well as ensuring safe and effective use of PN. 
 
In Singapore, each hospital has its own governance regarding qualification of nutrition 
support team member. Ideally, the nutrition support team should acquire the relevant 
clinical experience and attain relevant course pertaining to nutrition support service 
such as the National Board for Nutrition  Support Certificate (ASPEN)  before being 
inducted into nutrition support team. 
 
Recommendation 5a: All patients should have a baseline biochemical assessment 
prior to initiation of PN. 
 
Recommendation 5b : After establishing a patient on PN, the frequency of 
biochemical monitoring should be adjusted according to patient’s clinical 
progress, nutritional status and stage of PN therapy. 
 



Commentary: Biochemical monitoring is essential for the detection of potential 
metabolic complications. Common complications associated with PN are electrolyte 
imbalances, hyperglycaemia, refeeding syndrome, metabolic bone disease and 
hepatobiliary disorders.25 Regular biochemical monitoring and early detection enables 
timely management of these abnormalities, thereby mitigating the risk of complications 
associated with PN.  
 
Before initiating PN, it is essential to conduct baseline tests assessing renal function 
(including sodium, potassium, creatinine, urea, bicarbonate and chloride levels), bone 
metabolism (such as calcium, phosphate, magnesium), liver function (including alkaline 
phosphatase, alanine aminotransferase, aspartate aminotransferase, gamma glutamyl 
transferase, bilirubin) and lipid profile. The time interval for biochemical surveillance 
after PN initiation depends on the patient’s clinical progress and nutritional status, as 
well as the stage of PN therapy that he/she is at. The stages of therapy include the 
initiation, maintenance and transition phases. The initiation phase is where there is a 
gradual increase of caloric delivery based on the patient’s status and tolerance. The 
maintenance phase is where the patient is being provided a full, stable nutrition to meet 
its nutritional goals after being stabilised from the initial acute illness or postoperative 
phase. The transition phase is where the patient has adequate nutritional intake through 
oral or enteral feeding and parenteral nutrition are being gradually reduced. 
 
Biochemical parameters should be reviewed daily for the first few days, and subsequent 
monitoring can be less frequent depending on patient’s clinical status and stability of 
the biochemical parameters measured. There is currently no evidence to guide the 
timing of laboratory monitoring. Hence, the recommendation made here is based on 
the opinions and institutional practices of the authors of this guideline.  
 
Recommendation 6a: Energy expenditure for patients requiring PN should ideally 
be measured using indirect calorimetry. However, if indirect calorimetry is not 
available, providing 25–30 kcal/kg/day or using validated predictive equations, 
taking into account physical activity and stress factor, are acceptable to calculate 
energy requirement.  
 
Commentary: Inappropriate delivery of PN can have detrimental effects on patients’ 
clinical outcomes. Excessive PN has been associated with complications such as 
hyperglycaemia, liver dysfunction and weight gain. On the other hand, inadequate PN 
can lead to macro- and micro-nutrient deficiencies and weight loss. Hence, accurate 
measurement or calculation of energy requirement is important so that adequate 
calories can be provided. 
 
Energy requirements are not only highly variable between individuals, it also varies 
widely during different phases of the disease or clinical conditions for each individual. 
Therefore, regular assessment of energy requirement is recommended to ensure PN 
prescriptions are adjusted accordingly. Indirect calorimetry is the gold standard for 
determining resting energy expenditure (REE). REE is calculated using the adjusted 
Weir’s equation (3.941 * VO2 (L/min)/RQ +1.106 * VCO2 (L/min) * 1440) based on 
measurements of oxygen consumption and carbon dioxide production. Even though 
indirect calorimetry is a well-established method to measure REE, it is often 
underutilised due to cost, lack of trained personnel and measurements can be time-
consuming. Furthermore, many hospitals do not have a metabolic cart. 
 



In the absence of indirect calorimetry, predictive equations such as Harris-Benedict, 
Schofield and Mifflin St-Jeor can be used to estimate REE. However, concerns 
regarding their applicability in patients with increased metabolic rates associated with 
injury, inflammation and disease were raised as these equations were initially 
developed to predict REE of healthy individuals. Moreover, large discrepancies were 
recorded between estimates obtained from predictive equations and measurements 
taken using indirect calorimetry, with differences ranging from ±10–90% of measured 
REE.35-38 
 
To date, 7 RCTs and cohort studies39-45 had compared estimated REE using predictive 
equations against measured REE using indirect calorimetry for patients on PN. Findings 
from early studies observed that estimates calculated using the Harris-Benedict 
equation were not significantly different from the measured REE for both hospitalised 
and healthy ambulatory patients on PN.

39,43 There was also no difference reported for 
patients on cyclic and continuous PN regimens.39 These findings, however, were not 
replicated in subsequent studies. For critically ill patients on PN, 2 studies40,41 found that 
the Harris-Benedict equation significantly underestimated measured REE using indirect 
calorimetry. While in non-critically ill patients, 1 study42 demonstrated that half of the 
predicted REEs using the Harris-Benedict equation overestimated the measured REE 
by >10%.  
 
In summary, in the absence of indirect calorimetry, predictive equations are acceptable, 
but no equation can confidently estimate REE due to various compounding factors. A 
practical alternative using standard caloric intake ranges 25–30 kcal/kg/day with 
adjustments based on individual clinical conditions has also been recommended by 
ESPEN as a reasonable estimate of energy requirement.46 The nutrition support team 
will need to exercise clinical judgement when using predictive equations or standard 
caloric ranges as they may under- or overestimate the true caloric requirement.  
 
Recommendation 6b: Protein requirements for patients requiring PN should be 
tailored to individual needs, ranging from 1 to 2 g/kg/day. Higher protein doses 
may be required for the critically ill, cancer and elderly patients. 
 
Commentary: Protein requirements for patients requiring PN vary depending on the 
clinical condition, nutritional status and metabolic stress. In general, patients receiving 
PN should have protein intake adjusted to their individual needs to promote recovery, 
prevent muscle wasting, and improve outcomes. The protein requirement for adults in 
the acute care setting typically ranges from 1.0 to 2.0 g/kg/day, with higher amounts for 
patients in severe catabolic states.  
 
In a randomised control trial47 that evaluated the effect of protein intake through 
parenteral nutrition on muscle strength and clinical outcomes in critically ill patients, 
those who received higher protein intake (1.2 g/kg/day) showed improved handgrip 
strength, greater muscle thickness and less fatigue during the first week of ICU as 
compared to those who received less protein intake (0.8 g/kg/day). Similarly, in a large 
retrospective observational study48 that assessed the association between protein 
intake and mortality in non-critically ill older patients receiving PN, higher protein intake 
(≥0.8 g/kg/day) was found to be significantly associated with better survival outcomes. 
These findings highlight the importance of ensuring adequate protein provision in this 
vulnerable population to improve clinical outcomes. Additionally, in another study49 
among non-critically ill patients with advanced cancer receiving PN for more than 3 
weeks, patients treated with high protein PN (1.5 g/kg/day) had a significantly higher 



body weight as compared with patients treated with standard protein PN (1 g/kg/day). 
High protein PN appeared to be safe with no adverse effect on liver function.  
 
While the studies discussed above provide valuable insights into protein intake and 
clinical outcomes for patients requiring PN, there is a pressing need to expand the 
scope of research in other patient population groups to further validate this 
recommendation. In summary, protein requirements should be individualised, with 
higher protein goals for patients with higher catabolic states, such as critical illness, 
malnutrition or cancer. Regular monitoring and adjustment of protein requirement are 
essential to ensure adequate protein intake while avoiding complications such as renal 
overload in specific conditions. 
 
Recommendation 7: There is currently no nutritional assessment tool developed 
specifically for patients requiring PN. Validated assessment tools, such as 
Subjective Global Assessment (SGA), are recommended for the diagnosis and 
determination of the severity of malnutrition.   
 
Commentary: Nutritional assessment is the collection of in-depth information pertaining 
to individuals’ nutritional status carried out by trained HCPs. The assessment made will 
enable HCPs to formulate appropriate nutritional therapy tailored to the individual’s 
needs. Commonly used nutritional assessment tools, such as SGA, Patient-Generated 
SGA and Mini Nutritional Assessment, have been validated in both hospital and 
community settings.50-53 Only 2 studies54,55 have assessed the sensitivity and validity of 
nutritional assessment tools used in the local acute care settings. One of the 2 studies 
found that 7-point SGA is more sensitive in detecting changes in nutritional status over 
time, in comparison to conventional SGA.55 While findings from another study have 
shown that although modified Nutrition Risk in Critically Ill Score tool has a prognostic 
ability to predict mortality in the critical care setting, it has a poor agreement with 
SGA.54 
 
No specific nutritional assessment tool has been developed or validated among 
patients requiring PN thus far. Hence, based on current literature, SGA can be used 
until other validated nutritional assessment tools become available. In addition, the 
nutrition support team should perform a comprehensive assessment of the patient’s 
baseline anthropometry, biochemistry, clinical signs and symptoms and diet history as 
part of the nutrition care process for all patients requiring PN. 
 
Recommendation 8: It is recommended to start at 15–20 kcal/kg/day on day 1 and 
increasing it progressively to target for non-critically ill patients. Patient’s 
nutritional status and risk of refeeding should be considered when initiating and 
advancing PN infusion rate.  
 
Commentary: Twenty-six studies15-17,56-78 were included in the analysis of this question. 
Of these studies, 20 studies were conducted among ICU patients,15,17,56-66,71-74,77,78 4 
studies among surgical patients,69,70,75,76 1 study among patients undergoing stem cell 
transplant67 and 1 study that included exclusively patients who required PN.68 There 
were vast differences in methodological quality and intervention design among these 
studies. The methods used to determine energy expenditure were also different. Some 
studies measured energy expenditure using indirect calorimetry,57-60 while others were 
based on predictive equations17,61-63,72 or weight-based estimates.15,17,64-66 In addition, 
the discrepancy between prescribed calories versus (vs) calories received by patients 



was likely present as not all studies have provided information on actual calories 
delivered. 
 
Only 7 out of all included studies17,63,66-70 compared the clinical effects of different PN 
dosages (high-calorie vs low-calorie) for patients who were solely on PN support, while 
other studies57, 60, 61, 63, 65, 71-75 included patients who were on both PN and EN support. 
The impact of EN on clinical outcomes in these studies was difficult to establish.  
 
In the critical care setting, most of these studies15,17,57,60-63,72 did not find any significant 
difference in mortality, length of stay in hospital and in ICU, number of mechanically 
ventilated days, incidence of organ failure and infection rate when comparing patients 
in the high-calorie group and patients in the low-calorie group. Four studies15,62,71,73 
reported that providing lower amounts of calories was more advantageous as it was 
associated with a lower rate of infection and fewer days of mechanical ventilation. Other 
favourable clinical outcomes included improved survival rates (with a higher number of 
patients discharged alive from ICU), increased survival at day 60, and reduced length of 
stay in ICU and hospital.15,71,72,78 In contrast, 1 study60 found a higher number of 
nosocomial infections in the hypocaloric group. The outcome might be attributed to the 
relatively low provision of protein (0.4 g/kg/day). On the other hand, in the non-ICU 
setting, little insight could be gained due to the heterogeneity of studies.67-70,75,76 
Therefore, based on our consensus, calorie intake may start with 15–20 kcal/kg/day on 
day 1 and increase progressively to target by day 3 or day 4 for non-critically ill patients, 
while critically ill patients may necessitate a more cautious approach to calorie 
progression.  
 
Recommendation 9: PN can be reduced and discontinued when the patient is 
receiving more than 60% of target energy requirement from enteral nutrition 
and/or oral diet. 
 
Commentary: There is no available data thus far to determine the cut-off point when PN 
can be discontinued. Clinical judgement is still required, especially for malnourished 
patients and patients with a complicated hospital course. These patients may require a 
longer period of PN support and should demonstrate a higher enteral and/or oral 
intake before PN is discontinued. Patients with severe gastrointestinal diseases, such as 
short bowel syndrome, may never be weaned off PN and will require long-term home 
PN support.  
 
The ASPEN and SCCM guideline10 suggested that when tolerance to enteral nutrition is 
evident, PN should be weaned off when more than 60% of the patient’s needs are met 
orally or enterally. Other studies15,20,79,80 used 50–80% as the cut-off points to 
discontinue PN. 
 
Recommendation 10: Fish oil (FO) containing injectable lipid emulsion (ILE) 
should be used as part of the lipid component of PN.  
 
Commentary: ILE should be included in PN formulation to provide a dense source of 
non-protein energy as well as a source of essential and conditionally essential fatty 
acids to prevent essential fatty acid deficiency. A variety of ILEs are currently available in 
Singapore, from conventional soy-based-ILE to newer fourth generation ILE containing 
soybean oil (SO), medium and long chain triglyceride (MCT/LCT), olive oil (OO) and FO. 
  



Seven original studies81-87 and 9 systematic reviews and meta-analyses88-96 were 
evaluated to determine the most favourable type of ILE to be used in PN therapy. 
Among the 7 original studies, 6 studies81-85, 87 compared FO-ILE against non-FO-ILE 
(namely SO-ILE, OO-ILE and a combination of SO and OO ILE), while 1 study86 
compared FO-ILE against lipid-free PN, SO-ILE, MCT/LCT and OO-ILE. Among the 
benefits of FO demonstrated in these studies were improvements in biochemical 
parameters indicating preservation of liver functions,81,82, 84 as well as improvement in 
clinical outcomes such as shorter length of hospital stay84 and reduced rate of 
nosocomial infections.87 The benefit of reduced length of stay was demonstrated in 
certain patient groups such as postoperative patients and critically ill patients. A 
reduction in all-cause mortality was demonstrated in a study of critically ill patients with 
sepsis.83 Among the 9 systematic reviews and meta-analyses, the patient population 
was mostly postoperative and critically ill patients. 
 
Most of the studies, which were of moderate to high quality of evidence,88,91-94,97,99 
demonstrated that the use of FO-ILE was associated with reduced mortality, shorter 
length of hospital stay, fewer mechanical ventilated days, and lower infection rate 
compared to non-FO-ILE. However, there were conflicting data suggesting that there 
was no mortality advantage with FO-ILE.89,90,95 Taking into consideration the strengths 
and limitations of the studies included, the authors recommended using FO-ILE as part 
of the lipid component of PN. 
 
Recommendation 11a: Multivitamins are recommended in patients initiated on 
PN. In patients at risk of refeeding syndrome, additional intravenous thiamine 
supplementation for 3–5 days is recommended. 
 
Commentary: Vitamins are essential micronutrients required for normal cell function, 
growth and development. They function as enzyme cofactors that play important roles 
in energy metabolism, protein synthesis, wound healing and maintenance of proper 
immune function. Inadequate intake of vitamins can lead to deficiencies with negative 
clinical outcomes.  
 
Serum levels of various vitamins decrease in the presence of inflammatory response. 
This has been observed among postoperative patients and patients with sepsis. The 
addition of multivitamins to PN formulation for postoperative patients has been found 
to reduce traumatic stress and improve the metabolic transition from catabolism to 
anabolism.101 Due to a nationwide shortage of multivitamins in the US in 1997, multiple 
cases of adverse clinical outcomes related to vitamin deficiency were also 
reported.102,103 Therefore, daily supplementation of multivitamins should be provided to 
all patients on PN support, especially to those who are malnourished with/without 
underlying acute illness. Patients who are at risk of refeeding syndrome will require 
higher doses of intravenous thiamine supplementation of 250 mg/day for 3–5 days to 
prevent the development of Wernicke’s encephalopathy.104 
 
Recommendation 11b: Trace elements are recommended in patients initiated on 
PN.  
 
Commentary: Trace elements are minerals that are required in small amounts and 
function primarily as catalysts in enzymatic reactions. Some trace elements are 
nutritionally essential as they are vital for normal growth and development, whereas 
some trace elements are non-essential. Common essential trace elements added to PN 
formulation are chromium, copper, iron, manganese, selenium and zinc. 



 
Case studies of trace element deficiencies were more frequently reported among 
patients receiving long-term PN support. There is currently no high-quality RCT that has 
evaluated the clinical outcomes of patients on PN who had received trace elements 
compared to those who did not. In addition, standardised laboratory measurement of 
the various trace elements serum levels is still lacking, hence making it difficult to 
confirm the presence of deficiencies. Most of the available studies101-115 suggested that 
all adult patients on PN support should receive daily supplementation of trace 
elements. 
 
Deficiencies of trace elements have been predominantly reported in patients receiving 
long-term PN. For patients newly initiated on PN, especially those without pre-existing 
deficiencies or critical illness, the clinical impact of omitting trace elements remains 
unclear. As such, findings from the literature and expert consensus suggest that trace 
elements may be omitted for the first month of PN therapy in this subgroup of 
patients.116-118 After this period, or in cases of pre-existing deficiencies or critical illness, 
supplementation with standard daily dose of trace elements is recommended. 
 
While most studies suggest universal supplementation, the low quality of evidence and 
lack of clear deficiency markers emphasise the importance of clinical judgement. 
Limitations of evidence revolve around 3 consideration points: (1) lack of high-quality 
RCTs comparing outcomes of patients receiving PN with and without trace elements, (2) 
reported deficiencies are more common in long-term PN patients and may not be 
applicable to short-term PN use in acute care settings, and (3) the absence of 
standardised tests for serum levels of trace elements limits the ability to confirm or 
categorise deficiencies reliably.116-118 
 
While all adult patients on PN are recommended to receive daily supplementation of 
trace elements, this should be guided by clinical judgement, particularly in the first 
month of therapy for patients without pre-existing deficits or critical illness. The 
inclusion of trace elements should be re-evaluated based on clinical context, duration 
of PN, and availability of reliable laboratory assessments. 
 
Recommendation 12a: Additional supplementation of vitamin C is recommended 
for patients who are critically ill and patients who have had gastrectomy or 
colorectal resection. 
 
Commentary: Vitamin C, also known as ascorbic acid, is an antioxidant that protects the 
body cells from harmful free radicals. It is essential for the synthesis of collagen, 
carnitine and neurotransmitters. Prolonged deficiency of vitamin C can result in 
defective collagen synthesis, blood vessel fragility and, in severe cases, scurvy. Classical 
manifestations of scurvy include easy bruising, gum bleeding, poor wound healing and 
extracutaneous haemorrhage. 
 
Two RCTs111,112 had reported that high-dose supplementation of vitamin C was 
associated with decreased postoperative oxidative stress and improved wound healing 
among patients who had undergone gastric or colorectal resection. Serum vitamin C 
level was observed to drop significantly shortly after major gastrointestinal surgeries, 
but it was quickly restored with high dose of intravenous vitamin C supplementation. 
Therefore, special consideration for additional supplementation of intravenous vitamin 
C of up to 500 mg/day, on top of a standard dose of multivitamins, should be given to 
critically ill patients and those who have undergone gastric or colorectal resection. The 



additional supplementation should be administered peripherally instead of being 
added to PN admixtures as high doses of vitamin C may affect PN stability.112-114 
 
Recommendation 12b: Additional supplementation of zinc (Zn) is recommended 
for patients with high GIT losses. For every 1L of GIT losses via fistula or stoma, an 
additional 12–17 mg of Zn should be provided.  
 
Commentary: Zn is an important cofactor for many enzymatic reactions and plays a vital 
role in cell division and growth, protein and deoxyribonucleic acid synthesis, wound 
healing, immunity and regulation of the central nervous system. Zn deficiency can lead 
to a range of skin disorders, impaired gastrointestinal digestion and absorption, 
immune dysregulation and impaired cognitive function. 
 
In a study of patients with gastrointestinal disease,115 a Zn replacement equation was 
derived using a regression analysis. Based on the equation, Zn replacement can be 
accurately calculated using measured GIT losses. In studies with burns patients (>20% 
total body surface area),119-121 it was observed that these patients experienced 
significant exudative Zn losses hence higher dosage of Zn should be added to PN. Zn 
supplementation up to 40 mg/day for 3 weeks was found to be safe and demonstrated 
clinical benefits, especially in wound healing.119-121 
 
Recommendation 13: Additional supplementation of glutamine is not 
recommended in patients initiated on PN. 
 
Commentary: Glutamine, a conditionally essential amino acid, is the most abundant 
amino acid in the blood. In normal healthy individuals, glutamine can be produced in 
sufficient amount and does not need to be supplemented in the diet. However, during 
critical illness when utilisation is high, the body may not be able to produce sufficient 
amount of glutamine to meet requirement hence causing a depletion in glutamine level 
making it a conditionally essential amino acid.122  
  
Eleven studies123-133 and 8 systematic reviews and meta-analyses134-141 were reviewed to 
evaluate the benefits of adding glutamine into PN. There is significant heterogeneity in 
the quality of studies and patient population, making it challenging to make a 
recommendation. Studies had also reported that PN with glutamine supplementation 
was associated with a reduction in infection rates, length of hospital stay and days on 
mechanical ventilation in critically ill and post-surgical patients126,127,130,134-138,140,141 as well 
as in patients with acute pancreatitis.127,128,131,132,139 Early studies observed reduced 
mortality in critically ill patients or those with acute pancreatitis; however, these studies 
and reviews had small sample sizes and were of low to moderate methodological 
quality.128,129,131,138,139 Subsequent high-quality, large sample multicentre RCT study123 
showed that glutamine supplementation was associated with increased mortality for 
critically ill patients with multi-organ failure. Other studies and reviews with moderate to 
high methodological quality133-136,140 also did not show mortality benefits. Thus, in view 
of conflicting data and high heterogeneity of studies as well as a lack of 
recommendations in the international guidelines, the authors do not recommend 
additional glutamine supplementation in PN.  
 
Recommendation 14: Peripherally inserted central catheter (PICC) with a 
dedicated lumen is recommended for PN administration. However, an existing 
central venous access device (CVAD) in the internal jugular vein can be used for up 
to 14 days. 



 
Commentary: The choice of venous access for the administration of PN is of paramount 
importance.142 PN should be delivered through a CVAD. CVAD is defined as a catheter 
with its distal tip located at the junction of the superior vena cava and the right 
atrium.143,144 Common sites of venepuncture for CVAD placement include the 
subclavian, jugular, cephalic and basilic veins. 
 
PICC is a CVAD placed in the antecubital fossa and is suitable for hospitalised patients 
requiring PN infusion. PICC is the preferred choice of vascular access for PN therapy as 
it is cost-effective and is associated with fewer catheter-related complications such as 
infection, obstruction, dislocation and venous thrombosis.142,145 However, there is no 
clear data showing significant advantages of PICC over other CVADs for hospitalised 
patients on PN therapy.142,146  
 
Femoral catheters, on the other hand, are not recommended for the administration of 
PN due to their association with increased risk for contamination, infection and venous 
thrombosis. Hence, PICC is a relatively safe device for the administration of long-term 
PN as it preserves the integrity of the venous system.147 Nevertheless, PICC should be 
avoided for patients with renal failure where venous access for dialysis takes priority.145  
 
Recommendation 15: CVADs should be flushed using normal saline after each use, 
or weekly if not in use, to maintain catheter patency.  
 
Commentary: Most CVADs can be safely flushed and locked with normal saline solution 
when not in use. Although the use of heparin flush to maintain CVAD patency has been 
recommended in some nursing guidelines, the evidence to support this practice was 
based on low-quality studies.148 Several systematic reviews146,147,150 have shown that 
heparin flushes have no significant benefit over normal saline flushes in maintaining 
catheter patency. Therefore, taking into account all the above-mentioned reasons, the 
flushing of CVADs with normal saline solution is recommended.  
 
Current recommendations pertaining to how frequent CVADs should be flushed are 
conflicting and based on weak evidence.151,152 The most appropriate flushing frequency 
is after each use or weekly if not in use. In addition, several flushing techniques can 
minimise the risk of CVAD occlusion. For example, flushing with a push-pause motion 
causes turbulence of flow which may prevent build-up of deposits.153 Additionally, 
clamping the catheter while injecting the last 0.5 ml of fluid will prevent blood from 
being drawn back into the catheter tip. 
 
Recommendation 16a: PPN can be used as supplemental PN where oral or EN is 
suboptimal. 
 
Recommendation 16b: The duration of PPN therapy should not exceed 14 days 
due to an increased risk of complications related to peripheral intravenous 
catheters. 
 
Commentary: High-quality studies evaluating the benefits of PPN therapy are limited. 
Most studies are either small in sample size or based on retrospective data.154-156 In view 
of the high volume and low nutritional content of PPN, PPN alone is unlikely to be 
adequate to meet individual’s nutritional requirement. Therefore, PPN can be used as a 
short-term therapy to bridge the nutritional gap during transition periods until CVAD is 
inserted or as a supplement to oral and/or EN until GIT regains full function.  



 
Peripheral intravenous catheters typically have a short dwell time as the risk of 
complications increases for every day it is left in place.156,157 Consequently, there is a 
need to change the venous access site every 48–72 hours or earlier if local 
complications such as infection, subcutaneous infiltration of infusate or 
thrombophlebitis develop. The risk of thrombophlebitis has been reported to range 
from 14% to 28% with the use of PPN.154,158,159 Thus, the authors do not recommend the 
use of PPN for more than 14 days. It is important to assess the adequacy of the patient’s 
venous access prior to starting PPN. The access site must be examined daily for signs of 
local complications.  
 
Recommendation 17: Osmolarity of PPN therapy should be maintained at less 
than 900 mOsm/L to minimise the risk of catheter-related complications. 
 
Commentary: PPN is usually reserved for short-term use because the infusion of 
hypertonic solution into peripheral veins may cause phlebitis and thrombosis. Hence, 
the osmolarity of the solution should be kept low and this can be achieved by lowering 
nutrient content and increasing fluid volume of the PPN solution. The osmolarity of less 
than 900 mOsm/L in PPN has been shown to be well tolerated.160,161  
 
Recommendation 18a: Patients who are at risk of refeeding syndrome are 
required to have their serum electrolytes monitored daily for the first few days, 
following which frequency of monitoring can be reduced when serum electrolytes 
stabilise.  
 
Recommendation 18b: Serum electrolyte abnormalities should be promptly 
recognised and corrected.  
 
Commentary: Refeeding syndrome is a potentially fatal condition that may occur when 
artificial nutrition is introduced in malnourished patients who have undergone 
prolonged fasting or minimal oral/enteral intake. It is characterised by serum electrolyte 
disturbances (predominantly hypokalaemia, hypophosphataemia and 
hypomagnesaemia), thiamine deficiency and shift in body fluids.162,163 When nutrition is 
introduced after a prolonged period of fasting, nutrient utilisation in the body shifts 
from endogenous protein and fat stores to exogenous carbohydrates. This process 
leads to increase in insulin production and utilisation of potassium, phosphate, 
magnesium and thiamine as glucose is transported into cells to be converted to energy 
stores in the form of adenosine triphosphate. Consequently, rapid depletion of 
extracellular electrolytes and thiamine can ensue, which may cause serious clinical 
complications, such as cardiac dysfunction, respiratory failure, neurological and 
haematological disorders.  
 
Individuals who are at high risk of refeeding syndrome include those who have 
prolonged fasting, are severely malnourished and have history of chronic alcoholism. 
The incidence of refeeding syndrome in patients requiring PN has been reported to be 
high, with a study164 reporting approximately 84% of patients developed biochemical 
characteristics of refeeding syndrome after commencement of PN.  
 
Although refeeding syndrome is associated with severe and life-threatening 
complications, it is preventable through close monitoring, early detection and timely 
replacement of serum electrolytes and vitamins. Therefore, serum electrolytes should 
be monitored daily during the first few days of PN therapy and corrected promptly as 



refeeding syndrome tends to occur within the first 72 hours after initiation of nutrition 
therapy.165,166 Vital signs, hydration status and blood glucose should be monitored 
when PN is initiated. The frequency of monitoring can be reduced subsequently 
depending on the clinical status, trend of serum electrolyte levels and fluid balance of 
the patient. Preventive measures through initial controlled hypocaloric feeding have 
also been found to be associated with reduced risk of refeeding syndrome and 
improved overall survival.72,167 Hence, it is recommended that PN therapy should be 
started at a lower infusion rate and gradually escalating to target nutritional needs for 
those who are at risk of refeeding syndrome. Additionally, prophylactic 
supplementation of thiamine (250 mg/day) should be provided prior to starting PN 
therapy. 
 
Recommendation 19: Blood glucose levels should be measured every 6 hourly at 
least for the initial 48 hours after initiation of PN therapy.  
 
Commentary: Hyperglycaemia and hypoglycaemia are common complications in 
hospitalised patients receiving PN and are independently associated with adverse 
clinical outcomes.168 Hyperglycaemia is reported to occur in more than half of the 
patients receiving PN regardless of pre-existing diabetes mellitus.169 The increase in 
blood glucose level results from a combination of factors such as increased stress 
hormones and insulin resistance due to underlying acute illness, surgery or trauma, as 
well as delivery of glucose and gluconeogenic substrates through PN.170 It is well 
reported that hyperglycaemia increases the length of hospital stay and the risk of 
complications such as systemic infections, organ dysfunction and death.171 
Hypoglycaemia, on the other hand, tends to result from tight glycaemic control with 
insulin therapy, abrupt discontinuation of PN, tapering doses of corticosteroids or 
vasopressors, and improved glycaemic control upon recovery from acute illness or 
organ failure.171  
 
A retrospective study172 reported that there was no association between the frequency 
of glucose monitoring and mortality. There is also insufficient evidence to demonstrate 
that less frequent blood glucose monitoring results in worse glycaemic control or 
poorer outcomes.172 However, guidelines from various international societies14,173,174 
recommended that blood glucose levels should be monitored every 6 hours for the first 
48 hours after PN initiation. Glucose monitoring may be discontinued in non-diabetic 
patients who are normoglycaemic without insulin therapy after 48 hours of achieving 
target nutrition infusion. 
  
Recommendation 20: A target blood glucose ranging between 7.8–10 mmol/L is 
recommended for patients receiving PN. 
 
Commentary: Both hypoglycaemia and hyperglycaemia are associated with poorer 
outcomes for patients receiving PN with or without pre-existing diabetes.172,175 Patient’s 
medical condition, PN formulation, insulin therapy and medication administered must 
be considered when controlling blood glucose level. 
 
An early RCT176 reported that in critically ill patients, tight glycaemic control (4.4–6.1 
mmol/L) using continuous intravenous insulin infusion reduced length of stay and 
morbidity but not mortality. However, findings from the NICE-SUGAR study177 revealed 
that ICU patients with tight glycaemic control (4.5–6.0 mmol/L) had a higher mortality of 
10.1% compared to those on conventional blood glucose control (<10 mmol/L). 
Subsequent meta-analyses and systemic reviews178-181 concurred that there was no 



evidence that tight glycaemic control with intensive insulin therapy reduced mortality 
but instead, it increased the risk of hypoglycaemia which was associated with worse 
outcomes. 
 
Multiple international societies including ASPEN,182 American Association of Clinical 
Endocrinologists,183 American Diabetes Association183 and Endocrine Society171 
recommended a target blood glucose ranging 7.8–10.0 mmol/L for adult patients 
admitted in the acute care setting. 
 
Recommendation 21: Subcutaneous insulin is preferred over the addition of 
insulin to PN admixtures for glycaemic control. At the discretion of the nutrition 
support team and guided by local institution practices, short-acting insulin may be 
added to PN admixture in patients whose clinical conditions and PN requirements 
are stable. 
 
Commentary: Insulin therapy is the choice of treatment to correct hyperglycaemia in 
both diabetic and non-diabetic patients receiving PN.184 Insulin can be administered 
subcutaneously, intravenously or added to PN admixture. The addition of short-acting 
insulin into PN admixture has the advantage of delivering a steady rate of insulin, which 
has been reported to provide a smoother glycaemic control without increasing risk of 
hypoglycaemia.185 On the other hand, subcutaneous administration of long-acting 
insulin is associated with reduced glycaemic variability and facilitates the transition to 
basal-bolus regimens when PN is reduced or discontinued.186 
 
Multiple studies187-190 have shown that both methods of insulin administration, 
subcutaneous insulin and insulin added to PN admixture, are safe and provided similar 
effects on glycaemic control. Findings from the INSUPAR trial,191 a multicentre RCT 
where diabetic patients receiving PN therapy were randomised to 1 of the 2 insulin 
regimens (100% short-acting insulin added to PN or 50% subcutaneous basal long-
acting insulin with 50% short-acting insulin added to PN), revealed that there were no 
significant differences in mean blood glucose levels, infectious complications, length of 
hospital stay and mortality between both groups. Patients who received a mix of 
subcutaneous insulin and intravenous insulin infusion from PN had better glycaemic 
control after PN interruption. However, the incidence of non-severe hypoglycaemia was 
higher and the duration to achieve mean blood glucose <10 mmol/L was longer.  
 
There is also concern pertaining to insulin availability after it is added into PN 
admixtures with a reported range of 10–95%.192 The availability of insulin is affected by 
differing PN compositions such as macronutrient content, presence of vitamins, trace 
elements and pH of the PN admixture.193,194 Flow rates and contact time between insulin 
with the PN bag and intravenous tubes can also affect insulin availability.195-197 The 
variability of insulin availability may result in unpredictable blood glucose levels and 
increases the risk of hypoglycaemia. 

 
Although adding insulin to PN is more convenient and leads to better glycaemic 
control, the concern pertaining to the variability of insulin availability after it is added to 
PN admixture cannot be disregarded.198 Hence, the addition of insulin to PN admixture 
is not recommended in patients whose medical conditions and PN requirements are 
unstable. For these patients, the use of subcutaneous insulin for glycaemic control while 
receiving PN is recommended. The addition of short-acting insulin into PN admixture 
may be considered at the discretion of the nutrition support team and guided by local 
institution practices. It should only be provided to patients whose medical conditions 



and PN requirements are stable and have achieved adequate glycaemic control on 
PN.185 
 
Recommendation 22: Baseline liver function tests (LFTs) should be obtained prior 
to initiation of PN. LFTs should be monitored on a weekly basis, with a reduction 
in frequency of monitoring subsequently depending on clinical progress. 
 
Commentary: Derangement of LFTs is common among patients receiving PN. The 
aetiology is usually multi-factorial and frequently caused by non-PN-related factors, 
such as pre-existing liver disease, sepsis, underlying acute illness and drug-related 
factors. A study reported that 34% of patients had underlying abnormal LFTs prior to 
starting PN therapy.199 Hence, it is pertinent to obtain baseline LFTs before PN is 
initiated and it should be monitored on a weekly basis. Frequency of LFTs monitoring 
can subsequently be reduced if it is normal. 
 
Recommendation 23: Non-PN-related causes of abnormal LFTs should first be 
identified and managed accordingly. Overfeeding of PN may also cause abnormal 
LFTs, hence adjustment of dextrose and/or lipid content of PN admixture may be 
necessary. 
 
Commentary: PN-related deranged LFTs typically occur after 2–4 weeks of PN 
therapy.200,201 Among patients who were already receiving PN, 1 study202 reported 
raised aspartate aminotransferase, alkaline phosphatase and bilirubin concentrations in 
27%, 32% and 31% of patients, respectively. However, most LFT abnormalities were 
mild and transient, and usually resolved after PN was discontinued and oral nutritional 
intake was commenced.203   
 
The initial management of abnormal LFTs should always include the identification and 
management of possible non-PN-related causes, such as biliary obstruction, hepatitis 
and sepsis.204 The use of hepatotoxic drugs, especially antibiotics, should be minimised 
or avoided. Besides, overfeeding patients with PN therapy can also lead to liver 
dysfunction. Excessive dextrose infusion can cause hepatic steatosis, where a build-up 
of fats occurs in hepatocytes due to an imbalance between fatty acid synthesis and 
oxidation.205 Excessive lipid infusion, on the other hand, may result in lipid overload 
overwhelming the body’s lipid clearance capacity. Therefore, adjustments to dextrose 
and lipid content in PN admixture are necessary if liver dysfunction is related to 
overfeeding. The ASPEN recommends that dextrose content should not exceed 7 
g/kg/day and lipid content not greater than 1 g/kg/day for adults.206 Nonetheless, 
clinical judgement is still necessary to prevent worsening of LFTs.  
 
Recommendation 24: Cyclic PN can be started when patient is clinically stable and 
satisfactory glycaemic control is maintained during a fasted state without PN. 
 
Commentary: PN is commonly administered through continuous infusion over 24 hours. 
The duration of PN infusion can gradually be reduced hourly over a period of days or 
weeks once the patient has achieved target nutritional goals and has remained clinically 
and biochemically stable. The tolerance of a higher PN flow rate should be frequently 
assessed, as it is administered over a shorter period of time. Blood glucose levels 
should be closely monitored for sudden fluctuations, particularly during the first hour 
following PN initiation and PN discontinuation.207 
 



Cyclic PN has been associated with a lower incidence of PN-related liver disease, as it 
mimics the physiological function of nutrient metabolism of oral feeding.208,209 During 
the fasting period of cyclic PN, carbohydrate oxidation reduces while lipid oxidation 
increases, hence improving the clearance of free fatty acids and suppressing 
lipogenesis in the liver. When compared with continuous PN, cyclic PN resulted in 
higher net hepatic lipid oxidation and lower net hepatic lipogenesis.209 Cyclic PN is 
advantageous for patients who require prolonged PN support, as it also allows daytime 
ambulation and activities when they are not receiving PN. Potential metabolic side 
effects associated with cyclic PN include fluctuations in blood glucose level and fluid 
imbalance.210  
 
Recommendation 25: Serum triglyceride should be maintained below 4.6 mmol/L. 
 
Commentary: Hypertriglyceridaemia is a complication associated with the use of PN, 
with reported incidence ranging from 6% to 38%.211,212 It occurs as a result of alteration 
in lipid metabolism caused either by overloading of dextrose or lipid. Persistent 
hypertriglyceridaemia may lead to adverse effects such as decreased pulmonary gas 
diffusion, impaired immune response and acute pancreatitis, especially when serum 
triglyceride level exceeds 11.3 mmol/L.205,206 As the risk of adverse effects increases 
when serum level exceeds 4.6 mmol/L, it is recommended that serum triglyceride 
should be maintained ≤4.6 mmol/L during PN therapy.213 
 
Recommendation 26: If serum triglyceride is more than 4.6 mmol/L, dextrose load 
in PN should be reduced followed by a reduction in ILE if serum triglyceride level 
does not improve. PN should be discontinued if serum triglyceride is more than 
11.4 mmol/L. 
 
Commentary: Dextrose overload is usually the primary cause of hypertriglyceridaemia 
in patients receiving PN. When the body receives a large amount of dextrose, 
lipogenesis occurs as excess dextrose is converted to fatty acids, which are then 
transported to the liver as triglyceride-rich lipoproteins. Therefore, when 
hypertriglyceridaemia develops, the amount of dextrose in PN should be reduced. On 
the other hand, hypertriglyceridaemia induced by excessive ILE infusion occurs due to a 
reduction in lipoprotein lipase (LPL) activity. LPL promotes the hydrolysis of circulating 
triglycerides into fatty acids. When LPL activity becomes saturated and reaches maximal 
capacity, typically at serum triglyceride levels between 3.4 and 4.5 mmol/L, lipid 
clearance is impaired resulting in lipid accumulation. Hence, reducing the dosage of ILE 
in PN could enhance lipid clearance if hypertriglyceridaemia does not improve after the 
amount of dextrose in PN is reduced. 
 
Besides PN therapy, other non-PN-related causes should be considered when 
managing hypertriglyceridaemia. Clinical conditions that predispose patients to 
hypertriglyceridaemia are sepsis, diabetes, liver failure, renal failure, multiorgan failure, 
obesity, alcoholism and pancreatitis.214-216 Medications such as steroids, antipsychotics, 
immunosuppressants, antiretroviral agents and beta-blockers may interfere with lipid 
metabolism and increase the risk of hypertriglyceridaemia. Additionally, propofol, 
which is infused in 10% lipid emulsion, can cause dose-dependent and duration-
dependent hypertriglyceridaemia.217,218 In cases of severe hypertriglyceridaemia where 
serum triglyceride level exceeds 11.3 mmol/L, PN should be withheld until level 
normalises.214,215  
 



Recommendation 27: The use of thrombolytic agents and anticoagulation 
treatment is recommended for catheter-related thrombosis (CRT), with removal of 
CVAD if complete resolution from these measures is not achieved.  
 
Commentary: CRT is a relatively common complication of CVAD use in PN therapy, with 
an incidence of 5% for symptomatic CRT and 15% for asymptomatic CRT when 
screened by venography.219,220 Multiple risk factors for the development of CRT have 
been identified and it includes patient’s underlying disease, type of CVAD and 
technique used for CVAD insertion. Patients with hypercoagulable states, such as 
cancer, critical illness, sepsis, renal failure and thrombophilic conditions are at 
increased risk of CRT. In relation to catheter-related factors, catheters with higher 
number of lumens and larger lumen diameter are associated with a higher risk of 
CRT.221-223 Catheters made of polyvinylchloride or polyethylene were found to be more 
thrombogenic compared with those made of polyurethane or silicone.224 With regard to 
insertion technique, improper positioning of the catheter tip, subclavian venepuncture 
insertion, left-sided insertion and multiple insertion attempts were associated with 
increased risk of CRT.225 
 
In order to minimise the risk of CRT, smaller diameter single lumen CVAD made of 
polyurethane or silicone should be used. In addition, the International Society of 
Thrombosis and Haemostasis guideline226 recommends that CVAD should be inserted 
into the right jugular vein with the tip located at the junction of the superior vena cava 
and right atrium. The routine use of anticoagulants to prevent CRT is not 
recommended. 
 
Although the removal of blocked CVADs is common practice, some causes of catheter 
occlusion may be rectified through simple measures. Occluded CVAD caused by build-
up of lipid emulsion residue may be cleared by instilling a solution of 70% ethanol into 
the catheter.227 For occlusion caused by an intraluminal clot or fibrin sheath, 
thrombolytic agents such as urokinase or alteplase may be used to restore lumen 
patency.228,229 In symptomatic CRT, systemic anticoagulation for at least 3 months is 
recommended if the existing CVAD remains in-situ. Low molecular weight heparin is the 
preferred choice of anticoagulation for cancer patients.230 The treatment of CRT should 
include thrombolysis for acute symptomatic cases and anticoagulation therapy for 
subacute and chronic symptomatic cases. CVAD should be removed if all measures to 
achieve complete patency fails.  
 
Recommendation 28a: In the event that catheter related-bloodstream infection 
(CRBSI) is suspected, 2 sets of blood cultures should be obtained from both the 
CVAD and peripheral vein before initiation of antimicrobial therapy.  
 
Recommendation 28b: In complicated CRBSI, the CVAD should be removed for 
source control. In uncomplicated CRBSI or in patients with limited vascular access, 
discussion with an infectious disease specialist is recommended to explore 
possibility of CVAD salvage. 
 
Commentary: Paired blood cultures should be drawn from both the CVAD and a 
peripheral vein for suspected CRBSI before the initiation of antimicrobial therapy. In a 
retrospective cohort study,231 obtaining blood cultures before initiation of antimicrobial 
therapy was associated with better pathogen detection rates. The initial choice of 
antimicrobial therapy depends on the severity of the patient’s clinical presentation, risk 
factors for infection and types of potential pathogens suspected.232  



 
Complicated CRBSI refers to those that are associated with severe suppurative 
thrombophlebitis, endocarditis and blood infection that continues despite more than 
72 hours of appropriate antimicrobial therapy, or infection due to Staphylococcus 
aureus, Pseudomonas aeruginosa, fungi and mycobacteria.232 Under such 
circumstances, CVAD should be removed to prevent undesirable complications such as 
septic shock and death.232-234 Reinsertion of CVAD should be deferred until after 
appropriate antimicrobial therapy has begun and/or after a repeat blood culture is 
negative. Discussion with an infectious disease specialist is recommended to guide how 
soon a new CVAD can be inserted. 
 
Retrospective studies showed that CVAD salvage is possible in uncomplicated CRBSI, 
especially if the pathogen is coagulase-negative S. aureus and both antimicrobial lock 
and systemic antimicrobial therapy are used.233,235 As the reinfection rate was 
approximately 3 folds higher in salvaged CVAD,235 consultation with an infectious 
disease specialist is prudent. 
 
Recommendation 29: It is not necessary to withhold PN during surgery. 
 
Commentary: Concerns regarding the safety of continuous administration of PN during 
operative procedures when patients are under metabolic stress of surgery have been 
raised. Excessive use of fluids intraoperatively can put patients at risk of fluid overload, 
acid-based imbalance, renal impairment and cardio-respiratory compromise. Currently, 
there are no studies that have examined the metabolic effects of intraoperative 
administration of PN and patient outcomes. In view of a lack of evidence to support 
withholding PN during surgery, the authors recommend that it is not necessary to 
practice it.   
 
Recommendation 30: Tapering of PN or administration of intravenous dextrose 
solution after abrupt termination of PN may not be necessary unless the patient is 
on insulin therapy. 
 
Commentary: Gradual tapering of PN before cessation is a common practice to prevent 
rebound hypoglycaemia. However, it has been shown that the body adapts quickly to 
decreased glucose levels and subsequent need for insulin.46,236,237 In an RCT,237 which 
compared the metabolic effects of patients who had abrupt discontinuation of PN and 
those who had tapered discontinuation of PN, no difference was found in mean levels 
of glucose, insulin and counter-regulatory hormones such as glucagon, cortisol, growth 
hormone, epinephrine and norepinephrine. No patients had symptomatic 
hypoglycaemia throughout the study. Other studies238,239 also demonstrated that blood 
glucose response was rapid and returned to normal values within 60 minutes after the 
abrupt termination of PN, even in diabetic patients.   
 
Although ESPEN recommended that tapering of PN is not necessary,46 tapering of PN 
may be a safety precaution for patients who are susceptible to hypoglycaemia or on 
insulin therapy. PN infusion rate can be reduced by 50% for 1–2 hours before 
discontinuation with concurrent close monitoring of blood glucose levels. Alternatively, 
the initial PN infusion rate can be reduced by 50% for the first hour followed by a further 
reduction in infusion rate by another 50% over the second hour. In the event of 
unforeseen abrupt discontinuation of PN, intravenous dextrose solution may be 
administered, and blood glucose levels should be monitored.  
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