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5. Carbohydrates

not precisely known how much of the intravenouslyadministered glucose was oxidized.
When glucose is administered in excess of the amount
that can be directly oxidized for energy production and
glycogen, the excess is directed to lipogenesis thus promoting fat deposition (1,2). Restoration of fat stores may
be a nutritional goal in patients with severe malnutrition,
however excessive fat deposition may be deleterious.
Whatever the situation, this conversion into lipids accounts, in part, for the increase in energy expenditure
observed with high rates of glucose infusion (3).
Excessive glucose intake is thought to increase CO2
production and minute ventilation but few relevant data
are available to support the clinical relevance (4–6). Total
energy delivery as well as amino acid intake also contribute to increased CO2 production and minute ventilation (5,6).
Excessive glucose intake may also impair liver function especially by inducing steatosis, while its contribution to the development of cholestasis is not clearly
established (7–9). Studies in normal adult volunteers
suggest that high carbohydrate feeding leads to an increase in total VLDL triglyceride secretion rate from de
novo synthesis, primarily due to stimulation of the secretion of preformed fatty acids (FA) (10). These results
imply that the liver derives it’s energy from carbohydrate
oxidation rather than from FA oxidation, while FA taken
up by the liver are channelled into VLDL triglycerides
(10). Hepatic steatosis results when export of the VLDL
triglycerides does not keep pace with triglyceride production (10,11). PN may be associated with insulin resistance, due to both the substrate infusion and the
underlying disease (12,13).
Protein metabolism is influenced by the composition of
energy intake in patients on PN (14–17). Lipid emulsion
allows the energy input to be diversified, with a reduction
in the consequences of excessive glucose supply. In adults,
as well as in paediatric patients, the use of IVFE and/or the
reduced glucose intake was shown to improve net nitrogen
balance (14–17).
PN is associated with an increased risk of infectious
complications compared with enteral feeding or no nutritional support. The most recent and largest meta-analysis
of 27 studies in 1828 adult surgical patients confirmed
that enteral feeding does carry a lower infective risk
than PN, but at the cost of a non-significant trend towards increased complications. Overall, enteral feeding
did not reduce mortality compared to PN (18). However,
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CARBOHYDRATES
Introduction
Carbohydrates are the main source of energy in nutrition and usually provide 40–60% of the energy supply in
western diets. The majority of the carbohydrate derived
from a normal diet reaches the body’s peripheral tissues
as glucose. Glucose is utilised by all cells and serves as
metabolic fuel for muscle, liver, heart, kidneys and gut
and as the obligate energy source for brain, renal medulla
and erythrocytes. Glucose is the main carbohydrate utilised during foetal life; about 7 g/kg per day (approximately 5 mg/kg per minute) of glucose crosses the
placenta in the last trimester of pregnancy.
The major source of non-protein calories in parenteral nutrition (PN) is D-Glucose (dextrose), which is provided in the monohydrate form for intravenous use.
Dextrose usually contributes most of the osmolality of
the PN solution.
By considering the consequences of excessive glucose
intake during PN, and by taking into account the rate of
glucose production and oxidation, it is possible to establish recommendations. Energy provision during PN
includes the use of intravenous fat emulsions (IVFE) (see
Lipids chapter). IVFE provide a concentrated source of
calories with a low osmotic load (2.0 kcal/ml for a 20%
emulsion, compared to about 0.8 kcal/ml for a 20% dextrose solution). The optimal glucose/lipid ratio remains
to be defined. Glucose tolerance may be influenced by
cyclical PN, metabolic status, acute illness and always
requires careful monitoring.
Consequences of Overfeeding with Glucose
In the past, PN for adults, children and infants provided most of the energy as glucose, although it was
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failure to prescribe PN for malnourished patients who
are unable to tolerate enteral feeds triples their risk of
death (19).
Animal data suggests that hyperglycaemia might be
a risk factor for infection. Hyperglycaemia in an animal
model reduces the ability of lung macrophages to fight
infection (20). Animal data suggests that infection reduces non-hepatic glucose utilisation and causes hyperinsulinism (21). High blood glucose levels in adult ICU
patients are associated with increased infectious-related
mortality (22).
Statements
 Excessive glucose intake may be responsible for
hyperglycaemia. LOE 1
 Excessive glucose intake causes increased lipogenesis and fat tissue deposition together with
subsequent liver steatosis and enhanced production of VLDL triglycerides by the liver. LOE 2-3
 Excessive glucose intake causes increased CO2
production and minute ventilation. LOE 3
 Excessive glucose intake causes impaired protein
metabolism. LOE 2-3
 High blood glucose levels have been shown, in
adult ICU patients, to be associated with increased
infectious-related mortality. LOE 2-3
Rate of Endogenous Glucose Production
and Rate of Glucose Oxidation
The efficiency with which glucose is used to meet
energy needs should guide its relative contribution to PN
regimens. Exogenous glucose delivered in excess of the
rate of glucose oxidation may enter non-oxidative pathways and is unlikely to improve energy balance.
The majority of quantitative estimates of production
and oxidation of glucose have been performed using stable isotopic tracers and indirect calorimetry in newborns,
while only few studies are available for infants and children. Basal rate of glucose production (RGP) varies from
2 mg/kg per min in adults, to 8 mg/kg per min in preterm infants (or from 3 g/kg per day to 11.5 g/kg per
day) (23–26). The RGP is maximal during the post natal
period and decreases gradually with age.
Gluconeogenesis provides a significant amount of
glucose, and is responsible for about 31% rate of glucose
appearance in healthy full term newborns (23). A clinical
trial of 20 preterm infants on PN (25) showed that these
infants maintain normoglycaemia by glucose produced
via gluconeogenesis as a result of glycerol delivery from
fat metabolism. This suggests that not all the glucose has
to be provided exogenously (25).
During PN, the rate of parenteral glucose delivery
must be kept constant without exceeding the maximum
rate of glucose oxidation (RGO), which differs
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significantly among patients according to their age and
clinical status. During high rates of glucose infusion,
there is a complete suppression of endogenous production of glucose, accompanied by hyperinsulinism and
a respiratory quotient equal to 1.0. A linear relationship
was shown in newborns between glucose intake and
glucose utilization, measured by indirect calorimetry and
glucose oxidation measured by stable isotopic tracers (24).
In appropriate for gestational age-preterm infants, the
RGO does not exceed 6 to 8 mg/kg per min (9.5 g/kg per
day) after birth (27,28) while in term surgical infants
or infants on long-term PN, the maximal RGO is about
12 mg/kg per min (18 g/kg per day) (29,30). A study in
critically burned children, demonstrated the maximal
RGO to be 5 mg/kg per min, which is below caloric
requirements (31). The clinical approach is probably to
exercise restraint in the delivery of glucose in critically
ill children. While estimations of caloric requirement
for children often include a component to support growth,
this may not be a reasonable goal in a child receiving
acute care for severe injury or illness. Except for preterm
infants, one could consider that maximal RGO is continuously decreasing from birth to adulthood taking into
account the brain to total body weight ratio and the brain
glucose consumption.
Thus glucose intake should be adapted to age and
clinical situation e.g. premature babies, infants and
children, critically ill patients and severe malnutrition.
Statements and Recommendations
 Production of glucose varies from 2 mg/kg per
min in adults to 8 mg/kg per min in preterm
infants (or from 3 g/kg per day to 11.5 g/kg
per day). LOE 2
 In preterm infants glucose infusion should be
started with 4–8 mg/kg per min. GOR C
 Maximal glucose oxidation in preterm infants is
8.3 mg/kg per min (12 g/kg per day) after birth.
LOE 2-3
 In critically ill children glucose intake should
be limited to 5 mg/kg per min (7.2 g/kg per day).
GOR D
 Glucose administration to full term neonates and
children up to 2 years of age should not exceed
18 g/kg per day (13 mg/kg per min). GOR C
 Variations in glucose intake according to age
and clinical situation (e.g. malnutrition, acute
illness, drug administration) should be considered.
GOR D
 Glucose intake should be adapted in case of
simultaneous administration of drugs known to
impair glucose metabolism such as steroids,
somatostatin analogs, tacrolimus. GOR C
 The recommended glucose supply is shown in
Table 5.1. GOR D
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TABLE 5.1. Recommended parenteral glucose supply
(g/kg body weight and day)

Up to 3 kg
3–10 kg
10–15 kg
15–20 kg
20–30 kg
.30 kg

Day 1

Day 2

Day 3

Day 4

10
8
6
4
4
3

14
12
8
6
6
5

16
14
10
8
8
8

18
16–18
12–14
10–12
,12
,10

 These recommendations need to be adapted to the
clinical situation (e.g. refeeding syndrome in severe malnutrition) to oral and/or enteral energy
intake and to the required weight gain for normal
or catch up growth. GOR C
 It is important, especially when prescribing PN
for infants, to accurately evaluate the carbohydrate load provided by concurrent infusion therapy. GOR C
 In critically ill and unstable patients, it is reasonable to start with lower amounts of carbohydrates and increase the amounts according to the
patient’s condition. Metabolic complications associated with a more rapid introduction of carbohydrate may be uncommon in more stable
patients, and this approach can be an exercised
if blood glucose is closely monitored. GOR C
Glucose/Fat Ratio
Substitution of part of the glucose calories with fat
derived calories avoids the undesirable effects reported
with glucose-based PN. Studies performed in infants or
neonates have assessed glucose and fat utilization (32–
35). In infants, it was possible to study the optimal
glucose infusion rate by using five isocaloric PN regimens differing in their glucose/lipid ratio (32). Fat infusion aiming at a significant contribution to the coverage
of energy expenditure requires that glucose oxidation
be equal to or lower than maximal oxidative glucose
disposal. For maximal lipid infusion rates see chapter on
Lipids.
Recommendation
 Glucose intake should usually cover 60–75%
of non-protein calories. GOR C

term PN (37–40). Cyclical PN is well established with
documented tolerance in children (41–44). However
cyclical PN may lead to high glucose infusion rates with
subsequent hyperglycaemia, and an increased risk of
hypoglycaemia upon discontinuation.
In clinical practice, cyclical PN may be performed as
soon as clinical status permits. Maximal glucose infusion
rate should not exceed 1.2 g/kg per hour, and the rate of
infusion should be increased in a stepwise manner. Such
a stepwise adaptation of infusion rate will not only avoid
glucose overload but also hyperosmotic load from electrolytes. A similar stepwise reduction of infusion rate
is also recommended at PN discontinuation to avoid
hypoglycaemia (45).
Advantages of cyclical PN include:
1. Alternating fasting and feeding periods allows for
changes in the insulin/glucagon balance and reduces
lipogenesis in both adipose tissue and liver.
2. Physical activity during the day that is beneficial for
protein synthesis and growth as well as psychologic
behaviour (46). In that regard, advantages in terms of
nitrogen balance were never shown in the conditions
of the experiments in humans.
3. Cyclic PN might lower the risk for the development
of liver disease. In a prospective study (47), involving
adults on PN exhibiting various degrees of presumed
PN-associated liver disease, patients who developed
hyperbilirubinemia were randomized to either remain
on continuous PN or were placed on cyclic PN. Patients with initial serum bilirubin less than 20 mg/dl,
who remained on continuous PN, had a significant rise
in serum bilirubin compared with the cyclic PN
groups. There was no apparent advantage of cyclic PN
in patients with serum bilirubin greater than 20 mg/dl.
Similar studies in paediatric patients are not available.
Recommendations
 Cyclical PN is well tolerated and may be used
from 3–6 months of age. GOR C
 In cyclical PN the maximal rate of glucose
infusion may exceed glucose oxidation rate. The
maximal infusion rate should not exceed 1.2 g/kg
per hour (20 mg/kg per min). GOR C
 A stepwise increase and decrease of glucose
infusion rates at onset and at discontinuation of
the infusion respectively should be considered to
avoid hyper- and hypoglycaemia. Glucose tolerance should be monitored. GOR D

Cyclical Parenteral Nutrition
Monitoring and Use of Insulin
The term cyclical PN refers to the administration of
intravenous fluids intermittently with regular discontinuation of infusion (36). Most available data comes from
studies performed in stable adult patients on long-
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PN may be associated with insulin resistance, due to
both the substrate infusion and the underlying disease.
Animal studies suggest that a PN adapted state is reached
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in long term PN, where liver glucose uptake is unresponsive to rises in insulin above basal level (21).
Particular attention must be paid to glucose tolerance
(hyperglycaemia, glycosuria) at the time of starting
cyclic PN, since decreasing the duration of infusion may
lead to excessive increase in the glucose rate of delivery.
Osmotic diuresis may cause water and electrolyte depletion. In patients on stable long-term PN, glycosuria
may indicate a stressful event, particularly infection,
which impairs sensitivity to insulin (48).
Some children receiving PN have abnormal glucose
tolerance (13). Insulin secretion and sensitivity were
measured in 12 patients; the insulin response to sustained
hyperglycaemia was stronger in children with normal
glucose tolerance while receiving cyclic PN. Two patients with abnormal glucose tolerance showed decreased
capacity to release insulin. Whole body glucose disposal
was greater in younger than older children (range 7.1–
25.2 mg/kg per min) (p , 0.01) (13).
A study in adult ICU patients showed that by using
insulin to control blood glucose between 80–110 mg/dl,
mortality in the ICU was reduced from 8 to 4.6%, overall
in-hospital mortality was reduced by 34% and bloodstream infections by 46% (49). The message in adults, in
ICU, is to keep glucose infusion below 4 mg/kg/min and
manage hyperglycaemia with insulin. However, these
data have to be confirmed in children, and therefore no
firm recommendation can be made. Also, pre-term infants given insulin respond variably to insulin and may
develop profound hypoglycaemia.
Recommendations
 Hyperglycaemia causing marked glycosuria
should be avoided. GOR D
 Hypoglycaemia (,2.5 mmol/l, [,50 mg/dl])
should be avoided. GOR D
 Insulin infusion may be used in VLBW infants
with hyperglycaemia while on PN, but the safety
and the effects on clinical outcome are presently
unknown. GOR D
 The use of insulin should be restricted to conditions where reasonable adaptation of glucose
infusion rate does not control marked hyperglycaemia. GOR D
REFERENCES
1. Robin AP, Carpentier YA, Askanazi J, et al. Metabolic consequences of hypercaloric glucose infusions. Acta Chir Belg 1981;80:
133–40.
2. Koretz RL, Lipman TO, Klein S, et al. AGA technical review on
parenteral nutrition. Gastroenterology 2001;121:970–1001.
3. Elwyn DH, Askanazi J, Kinney JM, et al. Kinetics of energy
substrates. Acta Chir Scand Suppl 1981;507:209–19.
4. Talpers SS, Romberger DJ, Bunce SB, et al. Nutritionally associated increased carbon dioxide production. Excess total calories vs
high proportion of carbohydrate calories. Chest 1992;102:551–5.

S31

5. Askanazi J, Weissman C, LaSala PA, et al. Effect of protein intake
on ventilatory drive. Anesthesiology 1984;60:106–10.
6. Rodriguez JL, Askanazi J, Weissman C, et al. Ventilatory and metabolic effects of glucose infusions. Chest 1985;88:512–8.
7. Burke JF, Wolfe RR, Mullany CJ, et al. Glucose requirements following burn injury. Parameters of optimal glucose infusion and possible hepatic and respiratory abnormalities following excessive
glucose intake. Ann Surg 1979;190:274–85.
8. Tulikoura I, Huikuri K. Morphological fatty changes and function
of the liver, serum free fatty acids, and triglycerides during parenteral nutrition. Scand J Gastroenterol 1982;17:177–85.
9. Stein PT, Mullen JL. Hepatic fat accumulation in man with excess
parenteral glucose. Nutr Res 1985;5:1347–51.
10. Aarsland A, Chinkes D, Wolfe RR. Contributions of de novo
synthesis of fatty acids to total VLDL-triglyceride secretion during
prolonged hyperglycemia/hyperinsulinemia in normal man. J Clin
Invest 1996;98:2008–17.
11. Klein CJ, Stanek GS, Wiles CE. Overfeeding macronutrients to
critically ill adults: metabolic complications. J Am Diet Assoc 1998;
98:795–806.
12. DeFronzo RA, Jacot E, Jequier E, et al. The effect of insulin on the
disposal of intravenous glucose. Results from indirect calorimetry
and hepatic and femoral venous catheterization. Diabetes 1981;30:
1000–7.
13. Lienhardt A, Rakotoambinina B, Colomb V, et al. Insulin secretion
and sensitivity in children on cyclic total parenteral nutrition. JPEN
J Parenter Enteral Nutr 1998;22:382–6.
14. Macfie J, Smith RC, Hill GL. Glucose or fat as a nonprotein
energy source? A controlled clinical trial in gastroenterological
patients requiring intravenous nutrition. Gastroenterology 1981;
80:103–7.
15. Pineault M, Chessex P, Bisaillon S, et al. Total parenteral nutrition
in the newborn: impact of the quality of infused energy on nitrogen
metabolism. Am J Clin Nutr 1988;47:298–304.
16. Bresson JL, Bader B, Rocchiccioli F, et al. Protein-metabolism
kinetics and energy-substrate utilization in infants fed parenteral
solutions with different glucose-fat ratios. Am J Clin Nutr 1991;54:
370–6.
17. Pencharz P, Beesley J, Sauer P, et al. Total-body protein turnover in
parenterally fed neonates: effects of energy source studied by using
[15 N]glycine and [1-13C]leucine. Am J Clin Nutr 1989;50:1395–
400.
18. Braunschweig CL, Levy P, Sheean PM, et al. Enteral compared
with parenteral nutrition: a meta-analysis. Am J Clin Nutr 2001;74:
534–42.
19. Griffiths RD. Is parenteral nutrition really that risky in the intensive
care unit? Curr Opin Clin Nutr Metab Care 2004;7:175–81.
20. Kwoun MO, Ling PR, Lydon E, et al. Immunologic effects of acute
hyperglycemia in nondiabetic rats. JPEN J Parenter Enteral Nutr
1997;21:91–5.
21. Chen SS, Donmoyer CM, Pearson DA, et al. Impact of infection on
glucose-dependent liver glucose uptake during TPN: interaction
with insulin. Am J Physiol Endocrinol Metab 2004;286:E286–95.
22. Van den Berghe G. How does blood glucose control with insulin
save lives in intensive care? J Clin Invest 2004;114:1187–95.
23. Kalhan SC, Kilic I. Carbohydrate as nutrient in the infant and
child: range of acceptable intake. Eur J Clin Nutr 1999;53:S94–
100.
24. Denne SC, Karn CA, Wang J, et al. Effect of intravenous glucose
and lipid on proteolysis and glucose production in normal newborns. Am J Physiol 1995;269:E361–7.
25. Sunehag AL, Haymond MW, Schanler RJ, et al. Gluconeogenesis
in very low birth weight infants receiving total parenteral nutrition.
Diabetes 1999;48:791–800.
26. Lafeber HN, Sulkers EJ, Chapman TE, et al. Glucose production
and oxidation in preterm infants during total parenteral nutrition.
Pediatr Res 1990;28:153–7.
27. Forsyth JS, Crighton A. Low birthweight infants and total parenteral nutrition immediately after birth. I. Energy expenditure and

J Pediatr Gastroenterol Nutr, Vol. 41, Suppl. 2, November 2005

S32

28.
29.
30.

31.
32.
33.

34.
35.
36.
37.

GUIDELINES ON PAEDIATRIC PARENTERAL NUTRITION

respiratory quotient of ventilated and non-ventilated infants. Arch
Dis Child Fetal Neonatal Ed 1995;73:F4–7.
Sauer PJ, Van Aerde JE, Pencharz PB, et al. Glucose oxidation
rates in newborn infants measured with indirect calorimetry and
[U-13C]glucose. Clin Sci (Lond) 1986;70:587–96.
Jones MO, Pierro A, Hammond P, et al. Glucose utilization in the
surgical newborn infant receiving total parenteral nutrition. J Pediatr
Surg 1993;28:1121–5.
Nose O, Tipton JR, Ament ME, et al. Effect of the energy source on
changes in energy expenditure, respiratory quotient, and nitrogen
balance during total parenteral nutrition in children. Pediatr Res
1987;21:538–41.
Sheridan RL, Yu YM, Prelack K, et al. Maximal parenteral glucose
oxidation in hypermetabolic young children: a stable isotope study.
JPEN J Parenter Enteral Nutr 1998;22:212–6.
Bresson JL, Narcy P, Putet G, et al. Energy substrate utilization in
infants receiving total parenteral nutrition with different glucose
to fat ratios. Pediatr Res 1989;25:645–8.
Salas J, Girardet JP, De Potter S, et al. Glucose versus glucose-fat
mixture in the course of total parenteral nutrition: effects on
substrate utilisation and energy metabolism in malnourished
children. Clin Nutr 1991;10:272–8.
Salas JS, Dozio E, Goulet OJ, et al. Energy expenditure and
substrate utilization in the course of renutrition of malnourished
children. JPEN J Parenter Enteral Nutr 1991;15:288–93.
Pierro A, Carnielli V, Filler RM, et al. Metabolism of intravenous
fat emulsion in the surgical newborn. J Pediatr Surg 1989;24:
95–101.
Matuchansky C, Messing B, Jeejeebhoy KN, et al. Cyclical
parenteral nutrition. Lancet 1992;340:588–92.
Just B, Messing B, Darmaun D, et al. Comparison of substrate
utilization by indirect calorimetry during cyclic and continuous
total parenteral nutrition. Am J Clin Nutr 1990;51:107–11.

J Pediatr Gastroenterol Nutr, Vol. 41, Suppl. 2, November 2005

38. Lerebours E, Rimbert A, Hecketsweiler B, et al. Comparison of the
effects of continuous and cyclic nocturnal parenteral nutrition on
energy expenditure and protein metabolism. JPEN J Parenter
Enteral Nutr 1988;12:360–4.
39. Gramlich LM. Cyclic parenteral nutrition: considerations of carbohydrate and lipid metabolism. Nutr Clin Pract 1994;9:49–50.
40. Macfie J. Cyclic parenteral nutrition. Nutrition 1997;13:46–8.
41. Putet G, Bresson JL, Ricour C. Exclusive parenteral nutrition in
children. Influence of continuous or cyclic intake on the utilization
of food. [Article in French]. Arch Fr Pediatr 1984;41:111–5.
42. Larchet M, Jos J, Ricour C. Cyclic parenteral nutrition in children
and glucose metabolism. [Article in French]. Arch Fr Pediatr 1985;
42:597–600.
43. Nicol JJ, Hoagland RL, Heitlinger LA. The prevalence of nausea
and vomiting in pediatric patients receiving home parenteral
nutrition. Nutr Clin Pract 1995;10:189–92.
44. Collier S, Crough J, Hendricks K, et al. Use of cyclic parenteral
nutrition in infants less than 6 months of age. Nutr Clin Pract 1994;
9:65–8.
45. Werlin SL, Wyatt D, Camitta B. Effect of abrupt discontinuation of
high glucose infusion rates during parenteral nutrition. J Pediatr
1994;124:441–4.
46. Beghin L, Michaud L, Hankard R, et al. Total energy expenditure
and physical activity in children treated with home parenteral
nutrition. Pediatr Res 2003;53:684–90.
47. Hwang TL, Lue MC, Chen LL. Early use of cyclic TPN prevents
further deterioration of liver functions for the TPN patients with
impaired liver function. Hepatogastroenterology 2000;47:1347–50.
48. Donmoyer CM, Chen SS, Lacy DB, et al. Infection impairs insulindependent hepatic glucose uptake during total parenteral nutrition.
Am J Physiol Endocrinol Metab 2003;284:E574–82.
49. Van den Berghe G. Beyond diabetes: saving lives with insulin in
the ICU. Int J Obes Relat Metab Disord 2002;26:S3–8.

