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Abstract
The main role of carbohydrates in the human body is to provide energy.
Carbohydrates should always be infused with PN (parenteral nutrition)

U. Bolder1

C. Ebener2in combination with amino acids and lipid emulsions to improve nitrogen
H. Hauner3balance. Glucose should be provided as a standard carbohydrate for
K. W. Jauch4PN, whereas the use of xylite is not generally recommended. Fructose

solutions should not be used for PN. Approximately 60% of non-protein G. Kreymann5

energy should be supplied as glucose with an intake of 3.0–3.5 g/kg
J. Ockenga6

body weight/day (2.1–2.4 mg/kg body weight/min). In patients with a
K. Traeger7high risk of hyperglycaemia (critically ill, diabetes, sepsis, or steroid

therapy) an lower initial carbohydrate infusion rate of 1–2 g/kg body Working group for
developing the

weight/day is recommended to achieve normoglycaemia. One should
aim at reaching a blood glucose level of 80–110 mg/dL, and at least

guidelines fora glucose level <145 mg/dL should be achieved to reduce morbidity
parenteral nutrition ofandmortality. Hyperglycaemiamay require addition of an insulin infusion

or a reduction (2.0–3.0 g/kg body weight/day) or even a temporary The German
interruption of glucose infusion. Closemonitoring of blood glucose levels
is highly important.
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Die wichtigste Rolle der Kohlenhydratzufuhr bei parenteraler Ernährung
(PE) ist die Bereitstellung von Energie. Bei jeder PE sollten Kohlenhydrate
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keine Verwendung in der PE finden. In der Regel sollten etwa 60% der
Nichteiweiß-Energie als Kohlenhydrate zugeführt werden mit einer Zu-
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mit einemhohemHyperglykämierisiko (kritischKranke, Diabetes, Sepsis,
Steroidtherapie) sollten eine niedrigere initiale Kohlenhydratzufuhrrate
von 1–2 g/kg KG/Tag erhalten. Die Einhaltung einer Normoglykämie 5 Dept. of Medicine, Univ. of

Hamburg; currently Baxterist anzustreben. Der Zielbereich für die Blutglukosespiegel ist 80–110
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Kohlenhydratinfusion erfordern. Engmaschige Blutzuckerkontrollen
sind unbedingt erforderlich. 7 Dept. of Anaesthesiology,

University of Ulm, Germany
Schlüsselwörter: Glukose, Fruktose, Nicht-Eiweiß-Kalorien,
Hyperglykämie, Insulin

1/5GMS German Medical Science 2009, Vol. 7, ISSN 1612-3174

Review ArticleOPEN ACCESSSpecial Issue



Physiology

Introduction – basics

Knowledge of the biochemistry and physiology of carbo-
hydratemetabolism is fundamental in understanding the
role of carbohydrates and their critical use. Themain role
of carbohydrates in the human body is to provide energy.
Carbohydrates also occur in the human body bound to
proteins (proteoglycans), as amino sugars (glucosamine)
or in a complex form as components of matrix structures.
Carbohydrates are comprised of carbon (C) and water
(H2O), hence their name.
The regulation of the serum glucose level plays a central
role and is influenced by various factors: glucose intake
(enteral, parenteral); glucose oxidation in glycolysis or
pentosephosphate cycle; gluconeogenesis mainly in the
liver (but also occasionally in the kidneys); glucose ex-
change with glycogen stores in the liver and muscles.

Glycolysis

In aerobic conditions, glycolysis is the first step in the
process of glucose oxidation. In this 2 moles of pyruvate
(C3) are generated in cytosol from one mole of glucose
(C6) and 2 moles of adenosine triphosphate (ATP) are
released.
Under aerobic conditions, complete oxidation of the 2
moles of pyruvate through the Krebs cycle yields 30moles
of ATP. Therefore, complete oxidation of one mole of
glucose to water and CO2 yields 36 moles of ATP and 2
moles of guanosine triphosphate (GTP). However, under
anaerobic conditions only 2 moles of ATP are generated,
and lactate is produced. Six moles of ATP are required to
synthesize one mole of glucose from lactate (Cori cycle),
so there is a net consumption of 4 moles of ATP. Humans
with normal metabolism utilise approximately 4–5 g/kg
body weight/day of glucose for glucose oxidation. Add-
itional glucose intake results in lipogenesis, with the
synthesis of triglycerides.

Gluconeogenesis and hepatic glucose
production

Glucose can be synthesised in the liver or, to a lesser
degree, in the kidneys. Substrates for gluconeogenesis
are lactate and pyruvate, which are derived from either
anaerobic glycolysis or the degradation of glucogenic
amino acids (e.g. alanine, valine) from the muscles.
Alanine can also be generated through the transfer of an
amino group from another amino acid (especially
branched-chain amino acids), to pyruvate.
The hepatic glucose production in a healthy person
amounts to a maximum of 2.2 mg/kg body weight/min
which is equivalent to 3.2 g of glucose/kg body
weight/day. This amount equals approximately 220 g of
glucose in a person weighing 70 kg. Gluconeogenesis is
an energy and oxygen consuming metabolic pathway,

which accounts for 50% of the hepatic oxygen utilisation.
Invivo, gluconeogenesis and glycolysis take place simul-
taneously, and are arranged in a zonal fashion within the
liver. The hormonal situation of the body determines
which of these metabolic pathways prevail.

Hormonal regulation of carbohydrate
metabolism

Under normalmetabolic conditions, carbohydratemetab-
olism is regulated predominantly by the interaction
between insulin and glucagon. Other important factors
in the regulation of carbohydrate metabolism are hor-
mones (epinephrine, cortisol) and cytokines (e.g. IL-6),
particularly during post-aggressionmetabolism. In certain
tissues, glucose uptake into the cell is insulin-independent
(e.g. erythrocytes, renalmedulla, bonemarrow, leukocytes
and brain).
Insulin lowers the intracellular concentration of glucose
through genetic induction of key enzymes of glycolysis
and down-regulation of key enzymes involved in glucon-
eogenesis. Insulin/insulin+glucose have one effect, and
cAMP (acting as an intracellular agent for the glucagon)
or cAMP and corticosteroids have the opposite effect in
carbohydrate metabolism. Insulin also ensures that the
glycogen stores in the liver and muscle cells are replen-
ished. There is a simultaneous reduction in proteolysis
in peripheral muscle cells, which provides the precursors
for gluconeogenesis. Insulin, therefore, acts as an anabol-
ic hormone.

Supply of carbohydrates

Carbohydrate application

• Carbohydrates should always be infused with PN (A).

Commentary

Carbohydrates, a key substrate in PN, can improve the
nitrogen balance by exerting a protein-saving effect [1],
[2], [3], [4], [5] (Ib). This can be promotedmost effectively
by combining the intake of amino acids with carbo-
hydrates, or of amino acids with carbohydrates and lipid
emulsions [5], [6], [7], [8], [9], [10]. Carbohydrate solu-
tions are not only used for nutritional purposes but also
for fluid replacement [11].

Types of carbohydrates to be
administered

• Glucose should be infused as a standard carbohydrate
solution (C).

• The use of xylite is not generally recommended due to
controversial data (C).

• Fructose solutions should not be used for parenteral
nutrition (A).
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Commentary

The standard parenteral carbohydrate solution is glucose.
Glucose is easy to measure in blood and urine for the
purpose of monitoring, and prevention of overdosage.
Fructose, an important carbohydrate in a regular diet,
can be partially metabolised in the body independent of
insulin. In the past, fructose was often used to provide
high-calorie nutrition to critically ill patients or diabetics,
to prevent the complication of hyperglycaemia without
insulin administration [12] (Ib). However, the use of
fructose to prevent complications is now less common
due to a decrease in the recommended carbohydrate or
energy intake [12], [13], [14], [15] (Ib). Life threatening
complications may arise in the event of a undiagnosed
hereditary fructose intolerance [16].
Xylite, a sucrose substitute, can bemetabolised independ-
ent of insulin in the pentosephosphate cycle. However,
xylite administration results in lower concentrations of
glucose and insulin even during sustained endogenous
lipolysis due to its insulin-independent metabolism. The
effects of xylite administration on functional proteins have
been described, although not substantiated by clinical
outcome parameters. Xylite, therefore, is not recom-
mended in everyday use, due to dosage limitations and
time-consuming monitoring [12], [13], [14].

Carbohydrates and blood glucose level

• As a rule approximately 60% of non-protein energy
should be supplied as carbohydrates (C).

• The aim is to maintain normoglycaemia (A).
• The blood glucose level should bemaintained between

80–110 mg/dL, if suitable to the overall clinical situ-
ation (A). At least a glucose level of <145mg/dL should
be achieved, because levels above 145 mg/dL have
been associated with higher morbidity and mortality
(A).

Commentary

Hypoglycaemia can be prevented by intake of carbo-
hydrates in situations with reduced gluconeogenesis (e.g.
restricted liver function). In order to maintain nor-
moglycaemia, the exogenous intake should at least cor-
respond to the rate of the normal endogenous glucose
production of 2–3 g/kg body weight/day (1.4–2.1
mg/kg/min). If a higher amount of glucose is infused, the
proportion of glucose utilised for oxidation decreases,
whereas a higher proportion of glucose is stored as fat
[6], [17] (Ib).
Approximately 60% of non-protein energy should be sup-
plied as carbohydrates, with 4 g/kg body weight/day (2.8
mg/kg/min) being the upper limit of supply. An intake of
3.0 and 3.5 g/kg body weight/day (2.1–2.4 mg/kg body
weight/min) is preferable. The endogenous glucose pro-
duction in critically ill patients is not reduced by a higher
infusion of exogenous carbohydrates or lipids [6], [18].
In these patients the risk of hyperglycaemia is increased.

Therefore, an initial low carbohydrate infusion rate of 1–2
g/kg body weight/day should be selected for these or
other patients with a high risk of hyperglycaemia (dia-
betes, sepsis, steroid therapy) [19]. It should also be
noted that glucose tolerance decreases in older patients
[20].
The rate of glucose infusion should be monitored by
monitoring the blood glucose level, as procedures to
measure glucose utilisation (indirect calorimetry) are not
routinely used. In postoperative intensive care patients,
maintenance of blood glucose levels between 80 and
110 mg/dL (6.1 mmol/L) were shown to be beneficial
with regards to mortality and morbidity, compared to
higher blood glucose levels [21], [22], [23]. A somewhat
higher threshold was set for blood glucose level (145
mg/dL; 8.0mmol/L) in another patient population where
the outcome parameter was ICUmortality [24]. In a study
of mixed surgical/medical patients, blood glucose levels
kept at approximately 140 mg/dL or lower by use of in-
sulin resulted in a significant improvement in mortality
and morbidity as compared to a group where patients
received insulin only after their blood glucose levels sur-
passed 200mg/dL. A retrospective analysis of a subgroup
of this population showed that the lowest mortality oc-
curred when the blood glucose levels were kept between
80 and 99 mg/dL (4.4–5.5 mmol/L) [25]. A decrease in
mortality with strict maintenance of normoglycaemia in
critically ill patients only occurred when the intensive care
treatment period exceeded 3 days [26]. Lowering of blood
glucose levels to between 80 and 110 mg/dL was also
associated with lower morbidity in critically ill patients
[26]. In an analysis of surgical patients, a blood glucose
level of over 110 mg/dL was associated with increased
mortality and morbidity, although this effect seemed to
be less marked in medical patients [22]. The positive ef-
fect on mortality and morbidity by maintenance of blood
glucose levels below 145 mg/dL is undisputed in all pa-
tients subjected to prospective randomised studies.
Hypoglycaemia, which occurs more often with the use of
intensive insulin therapy, requires frequent checks to
determine the correct insulin dose, which should be im-
plemented with the use of an established algorithm.
Moreover, hyperglycaemia was also associated with de-
terioration in various acute disorders such as cerebral
ischemia [27], [28], [29] or myocardial infarction [30],
[31], [32], irrespective of the presence of previously
diagnosed diabetes. It is likely that strict control of hyper-
glycaemia with insulin therapy will improve the outcome
and short-term morbidity in patients with such diseases.
However, there are no prospective studies addressing
this issue in these patient groups.

Contraindication – hyperglycaemia
• Hyperglycaemiamay in addition to insulin infusion re-

quire a reduction, or even a temporary interruption, of
carbohydrate infusion (C).
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• In order to avoid hyperglycaemia insulin administration
may be necessary. This demands strict monitoring of
blood glucose levels (B).

Commentary

The only contraindication for carbohydrate intake is
lasting hyperglycaemia with an insulin requirement of
more than 6 I.U./h. Patients with pre-existing diabetes
also require carbohydrates with simultaneous insulin in-
fusion in their PN. Insulin reduces blood glucose levels
through increased cellular glucose intake and glucose
turn-over. The effects of insulin may be greatly reduced
in certain disorders, such as diabetes mellitus, post-
operative insulin resistance, or sepsis. In hyperglycaemia,
the amount of calories and carbohydrates should be re-
stricted (reduced to 2–3 g/kg body weight/day) and in-
sulin should be administered. Continuous intravenous
insulin infusion is now preferred in intensive care patients.
An intake of approximately 2–4 I.U./h is necessary as
part of PN after an initial bolus has been given. The
higher the insulin intake and lower the hyperglycaemia,
the more frequently the blood glucose levels should be
monitored. Initially, hourly to three-hourly checks are ne-
cessary (cf. chapter “Complications and monitoring”
http://www.egms.de/en/gms/2009-7/000076.shtml).

Notes
This article is part of the publication of the Guidelines on
Parenteral Nutrition from the German Society for Nutri-
tional Medicine (overview and corresponding address
under http://www.egms.de/en/gms/2009-7/000086.
shtml).
English version edited by Sabine Verwied-Jorky, Rashmi
Mittal and Berthold Koletzko, Univ. of Munich Medical
Centre, Munich, Germany.

References
1. Elwyn DH, Gump FE, Lles M, Long CL, Kinney JM. Protein and

energy sparing of glucose added in hypocaloric amounts to
peripheral infusions of amino acids. Metabolism. 1978;27:325-
31. DOI: 10.1016/0026-0495(78)90112-9

2. Humberstone DA, Koea J, Shaw JH. Relative importance of amino
acid infusion as a means of sparing protein in surgical patients.
JPEN J Parenter Enteral Nutr. 1989;13:223-7. DOI:
10.1177/0148607189013003223

3. Young GA, Hill GL. A controlled study of protein-sparing therapy
after excision of the rectum: effects of intravenous amino acids
and hyperalimentation on body composition and plasma amino
acids. Ann Surg. 1980;192:183-91.

4. Shaw JH, Holdaway CM. Protein-sparing effect of substrate
infusion in surgical patients is governed by the clinical state, and
not by the individual substrate infused. JPEN J Parenter Enteral
Nutr. 1988;12:433-40. DOI: 10.1177/0148607188012005433

5. Long JM III, Wilmore DW, Mason AD Jr, Pruitt BA Jr. Effect of
carbohydrate and fat intake on nitrogen excretion during total
intravenous feeding. Ann Surg. 1977;185:417-22. DOI:
10.1097/00000658-197704000-00008

6. Tappy L, Schwarz JM, Schneiter P, et al. Effects of isoenergetic
glucose-based or lipid-based parenteral nutrition on glucose
metabolism, de novo lipogenesis, and respiratory gas exchanges
in critically ill patients. Crit Care Med. 1998;26:860-7. DOI:
10.1097/00003246-199805000-00018

7. Paluzzi M, Meguid MM. A prospective randomized study of the
optimal source of nonprotein calories in total parenteral nutrition.
Surgery. 1987;102:711-7.

8. Baker JP, Detsky AS, Stewart S, Whitwell J, Marliss EB, Jeejeebhoy
KN. Randomized trial of total parenteral nutrition in critically ill
patients: metabolic effects of varying glucose-lipid ratios as the
energy source. Gastroenterology. 1984;87:53-9.

9. 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.

10. de Chalain TM, Michell WL, O'Keefe SJ, Ogden JM. The effect of
fuel source on amino acid metabolism in critically ill patients. J
Surg Res. 1992;52:167-76. DOI: 10.1016/0022-
4804(92)90300-O

11. Lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, Allison
SP. Effect of salt and water balance on recovery of
gastrointestinal function after elective colonic resection: a
randomised controlled trial. Lancet. 2002;359:1812-8. DOI:
10.1016/S0140-6736(02)08711-1

12. Leutenegger AF, Goschke H, Stutz K, et al. Comparison between
glucose and a combination of glucose, fructose, and xylitol as
carbohydrates for total parenteral nutrition of surgical intensive
care patients. Am J Surg. 1977;133:199-205. DOI:
10.1016/0002-9610(77)90080-0

13. Behrendt W, Raumanns J, Hanse J, Giani G. Glucose, fructose,
and xylitol in postoperative hypocaloric parenteral nutrition.
Infusionstherapie. 1988;15:170-5.

14. Ladefoged K, Berthelsen P, Brockner-Nielsen J, JarnumS, Larsen
V. Fructose, xylitol and glucose in total parenteral nutrition.
Intensive CareMed. 1982;8:19-23. DOI: 10.1007/BF01686849

15. Valero MA, Leon-Sanz M, Escobar I, Gomis P, de la Camara A,
Moreno JM. Evaluation of nonglucose carbohydrates in parenteral
nutrition for diabetic patients. Eur J Clin Nutr. 2001;55:1111-6.
DOI: 10.1038/sj.ejcn.1601274

16. Keller U. Zuckerersatzstoffe Fructose und Sorbit: ein unnötiges
Risiko in der parenteralen Ernährung [The sugar substitutes
fructose and sorbite: an unnecessary risk in parenteral nutrition].
Schweiz Med Wochenschr. 1989;119:101-6.

17. Yamamoto T. Metabolic response to glucose overload in surgical
stress: energy disposal in brown adipose tissue. Surg Today.
1996;26:151-7. DOI: 10.1007/BF00311498

18. Napolitano LM. Parenteral nutrition in trauma patients: glucose-
based, lipid-based, or none? Crit CareMed. 1998;26:813-4. DOI:
10.1097/00003246-199805000-00004

19. Mizock BA. Blood glucose management during critical illness.
Rev Endocr Metab Disord. 2003;4:187-94. DOI:
10.1023/A:1022998204978

20. Al-Jaouni R, Schneider SM, Rampal P, Hebuterne X. Effect of age
on substrate oxidation during total parenteral nutrition. Nutrition.
2002;18:20-5. DOI: 10.1016/S0899-9007(01)00697-9

21. Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in the critically ill patients. N Engl J Med. 2001;345:1359-
67. DOI: 10.1056/NEJMoa011300

4/5GMS German Medical Science 2009, Vol. 7, ISSN 1612-3174

Bolder et al.: Carbohydrates – Guidelines on Parenteral Nutrition, ...



22. Van den Berghe G, Wouters PJ, Bouillon R, et al. Outcome benefit
of intensive insulin therapy in the critically ill: Insulin dose versus
glycemic control. Crit Care Med. 2003;31:359-66. DOI:
10.1097/01.CCM.0000045568.12881.10

23. Mesotten D, Van den Berghe G. Clinical potential of insulin
therapy in critically ill patients. Drugs. 2003;63:625-36. DOI:
10.2165/00003495-200363070-00001

24. Finney SJ, Zekveld C, Elia A, Evans TW. Glucose control and
mortality in critically ill patients. JAMA. 2003;290:2041-7. DOI:
10.1001/jama.290.15.2041

25. Krinsley JS. Association between hyperglycemia and increased
hospital mortality in a heterogeneous population of critically ill
patients. Mayo Clin Proc. 2003;78:1471-8. DOI:
10.4065/78.12.1471

26. Van den Berghe G, Wouters P, Weekers F, et al. Intensive insulin
therapy in the critically ill patients. N Engl J Med. 2001;345:1359-
67. DOI: 10.1056/NEJMoa011300

27. Baird TA, Parsons MW, Phanh T, et al. Persistent poststroke
hyperglycemia is independently associated with infarct expansion
and worse clinical outcome. Stroke. 2003;34:2208-14. DOI:
10.1161/01.STR.0000085087.41330.FF

28. Bruno A, Biller J, Adams HP Jr, et al. Acute blood glucose level
and outcome from ischemic stroke; Trial of ORG 10172 in Acute
Stroke Treatment (TOAST) Investigators. Neurology. 1999;52:280-
4.

29. Demchuk AM,Morgenstern LB, Krieger DW, et al. Serum glucose
level and diabetes predict tissue plasminogen activator-related
intracerebral hemorrhage in acute ischemic stroke. Stroke.
1999;30:34-9.

30. Bolk J, van der Ploeg T, Cornel JH, Arnold AE, Sepers J, Umans
VA. Impaired glucose metabolism predicts mortality after a
myocardial infarction. Int J Cardiol. 2001;79:207-14. DOI:
10.1016/S0167-5273(01)00422-3

31. Stranders I, Diamant M, van Gelder RE, et al. Admission blood
glucose level as risk indicator of death after myocardial infarction
in patients with and without diabetes mellitus. Arch Intern Med.
2004;164:982-8. DOI: 10.1001/archinte.164.9.982

32. Capes SE, Hunt D, Malmberg K, Pathak P, Gerstein HC. Stress
hyperglycemia and prognosis of stroke in nondiabetic and
diabetic patients: a systematic overview. Stroke. 2001;32:2426-
32. DOI: 10.1161/hs1001.096194

Please cite as
Bolder U, Ebener C, Hauner H, Jauch KW, Kreymann G, Ockenga J,
Traeger K, Working group for developing the guidelines for parenteral
nutrition of The German Association for Nutritional Medicine.
Carbohydrates – Guidelines on Parenteral Nutrition, Chapter 5. GMS
Ger Med Sci. 2009;7:Doc23.

This article is freely available from
http://www.egms.de/en/gms/2009-7/000082.shtml

Received: 2009-01-14
Published: 2009-11-18

Copyright
©2009 Bolder et al. This is an Open Access article distributed under
the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by-nc-nd/3.0/deed.en). You
are free: to Share — to copy, distribute and transmit the work, provided
the original author and source are credited.

5/5GMS German Medical Science 2009, Vol. 7, ISSN 1612-3174

Bolder et al.: Carbohydrates – Guidelines on Parenteral Nutrition, ...


