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Twenty-five years ago intravenous nutrition was 
coming into general practice in the ICU. Many of 
the difficulties along the road seemed to have been 
solved at that time. Central venous lines were in 
widespread use, and nutritional products for en-
teral as well as parenteral use were commercially 
available. Devices to measure energy expenditure 
by indirect calorimetry were in use, and it was 
generally recognised that critical illness was as-
sociated with hyper-metabolism. Under the head-
ing of “bigger is better,” so-called “hyper-alimen-
tation” was launched. This meant that patients 
were provided as much as 150 % of their caloric 
need. Hospital starvation seemed to be something 
from the Dark Ages, which would no longer hap-
pen anymore, at least not in the ICU. At this time, 
fat emulsions for intravenous use had been avail-
able in Europe for 20 years, but intravenous fat 
was relatively newly registered for use in North 
America. There was a general reluctance in North 
America to use fat emulsions, instead concentrat-
ed glucose solution was most often used together 
with amino acid solutions. At the same time, it 
was very popular in Europe to use a mixture of 
different sugars as the carbohydrate source of en-
ergy. 

Naturally this over-enthusiasm mostly linked 
to parenteral nutrition had to sober up. It was 

soon demonstrated that central venous lines used 
for intravenous nutrition were often associated 
with line sepsis. It was also demonstrated that ca-
loric over-feeding, “hyper-alimentation,” was asso-
ciated with a lot of problems. By the intravenous 
route patients were more or less force-fed, result-
ing in increased heat production and often an ele-
vated body temperature [Carlsson and Burgerman 
1985]. This was measured as fever and sometimes 
treated with antibiotics. Unfortunately, the results 
from indirect calorimetry were not used to admin-
ister suitable amounts of calories, but instead an 
extra allowance was added and patients were fre-
quently over-fed. The levels of energy expenditure 
measured and reported in those days were higher 
compared to what is seen today [Wilmore 1977]. 
This was probably a reflection of the standard of 
patient care at that time. In particular, burn pa-
tients, trauma patients and also ARDS patients 
in general showed a higher energy expenditure 
at that time than they do today. Today, they are 
treated differently in many respects, better han-
dling of burn wounds and fractures, better pain 
control, more adequate volume resuscitation and 
so on and so forth makes a big difference today 
compared to those days. 

Approximately 25 years ago it also became ob-
vious that micronutrients played an important 
role. Already at the start of hospital nutrition, to-
day 50 years ago, enteral feeding with red rubber 
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tubes in the stomach had proven its insufficiency. 
If enteral feeding was insufficient, the alternative 
was dextrose solutions in peripheral veins with 
steel needles. The time period after that provided 
sufficient calories and sufficient amino acids to 
the patients, sometimes even more than sufficient 
as pointed out above. Before micronutrients were 
given attention, case reports were published dis-
closing almost every shortage of vitamins or trace 
elements that is known. This happened when pa-
tients were kept alive for a long time by provid-
ing all the necessary macronutrients without the 
micronutrients. Approximately 25 years ago the 
necessary additives of micronutrients started to 
become commercially available. 

The science of ICU nutrition 25 years ago was 
also different from today. It was common to evalu-
ate nutrition by calculating the nitrogen balance, 
a technique difficult to perform and difficult to 
interpret in the ICU [Munro and Allison 1963]. 
In terms of metabolic stress, patients undergoing 
elective surgery or suffering from acute trauma or 
sepsis were not properly separated. At that time 
it was common to look upon the metabolic alter-
ations associated with elective surgery as just a 
mild variety of the same alterations that appeared 
in trauma and sepsis and which later on were as-
sociated with multiple organ failure. It was ap-
proximately at this time point that patients with 
ARDS survived long enough to develop multiple 
organ failure in the sense we know it today. At 
that time nutritional studies in the ICU focusing 
on outcome were not very common. The major 
academic disagreements at that time were enteral 
versus parenteral nutrition, glucose system versus 
lipid system and the cost effectiveness of parenter-
al nutrition or nutrition as such. As we all know, 
these major controversies are not that much dif-
ferent from then as they are now.

The major achievements in nutrition between 
1982–2007 are: 1) better technical devices for both 
enteral and parenteral nutrition, 2) all-in-one for-
mulations for parenteral nutrition, 3) Glutamine 
supplementation to parenteral nutrition, and 
4) tight glucose control. In addition, there have 
been a number of other achievements with a less 
clear impact that will be discussed below. 

For parenteral nutrition, one weak point over 
the years has been catheter sepsis. The rate of 
catheter-related infections is sometimes very high, 
and in particular central venous lines used for 
intravenous nutrition are more susceptible than 
those not used for that type of infusion. This is, 
however, an issue with several dimensions. To-
day catheter-related infections are suggested to 
be a quality indicator in intensive care medicine. 
Proper routines for the insertions of central ve-
nous lines, hygienic routines for handling the cen-
tral venous lines as well as the strict routines for 
the use of the line – all of them matter [Hammar-
skjold et al. 2006]. It is demonstrated that skill 
of insertion and the number of attempts needed 
to obtain an intravascular placement matters for 
the frequency of complications. Today’s standard 
is that central venous lines are introduced under 
the sterile conditions of an OR, done by an ap-
propriately trained person using an ultrasound 
device to identify the vessel. In that situation, in-
travascular placement should be achieved on the 
first attempt and without contamination. The hy-
giene standard for maintaining central venous 
lines should include regular changes of connect-
ing devices under sterile conditions. All singular 
injections should be made through bacterial fil-
ters and connectors should not be placed in the 
bed of the patient. Separate lumen should be used 
for nutrition and for blood products only. In addi-
tion central venous lines may not be changed over 
guide wires unless there are special indications. 
In many countries today one of the major issues 
in the ICU round each day is whether or not the 
central venous line should be kept. The use of pe-
ripheral lines in the ICU is more common today 
that it used to be. Additionally, the procedures 
around peripheral lines has improved with bet-
ter routines and restrictions around how many at-
tempts may be done to introduce peripheral lines 
and thereby potentially destroy peripheral vessels 
[Berg et al. 2002]. Also for enteral feeding techni-
cal equipment has improved. The synthetic ma-
terials are softer, not causing pressure wounds 
in the nasal cavity or throat. The disadvantage of 
thin feeding catheters is that the residual volume 
in the stomach cannot be appropriately detected. 
Many centres today have good routines for insert-
ing catheters for post-pyloric feeding. Jejunal cath-
eters are placed with the patient in the lateral posi-
tion using guide wires or by using endoscopy, or 
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sometimes during surgical procedures as a feed-
ing jejunostomy. 

In the early days of parenteral nutrition the 
components were delivered individually and giv-
en separately simultaneously or mixed together 
in the hospital pharmacy. Today there are several 
commercially available all-in-one formulations. 
The convenience of all-in-one formulation is obvi-
ous and there are also economic advantages com-
pared to the all-in-one formulations prepared by 
the hospital pharmacy, and it saves time for the 
nurses in the ICU. The disadvantage of all-in-one 
formulation is that nutritional support is less indi-
vidualised. Still, the convenience associated with 
all-in-one probably gives more patients in the ICU 
an adequate nutrition. 

Glutamine is not a constituent in convention-
al amino acid solutions for intravenous use. This 
is related to glutamine being unstable in aque-
ous solution, a problem now solved by the use 
of synthetic dipeptides. In intravenous nutrition 
studies of patients confined to intravenous nutri-
tion, a benefit in terms of survival for glutamine 
supplemented nutrition is demonstrated [Grif-
fiths et al. 1997, Goeters et al. 2002, Novak et al. 
2002]. For patients for whom it is possible to feed 
by enteral route this advantage is less clear [No-
vak et al. 2002]. Some studies show effects upon 
infectious morbidity, other studies show no dif-
ference between groups. This is probably related 
to the level of glutamine depletion. It is demon-
strated that low plasma glutamine, as a reflec-
tion of glutamine depletion, is associated with 
a higher hospital mortality, independently from 
the APACHE II score [Oudemans-van Straaten et 
al. 2001]. Identification of this subgroup of ICU 
patients for glutamine supplementation is prob-
ably crucial, and it is preferably done by lab tests. 
If lab tests are not available it is advisable to give 
glutamine supplementations to all patients receiv-
ing at least intravenous feeding. 

The singular most influential intensive care 
medicine study during the last 25 years is the 
demonstration by Prof. Greet van den Berghe that 
tight glucose control gives better survival [van den 
Berghe et al. 2001]. This was done in a single unit 
study but appropriately powered to demonstrate 
the survival benefit. The initial publication was in 
surgical patients, preferably patients undergoing 
open heart surgery. The benefits in terms of sur-
vival were also associated with a benefit in mor-

bidity in terms of less infections, less need for 
renal replacement therapy, less days on a ventila-
tor and less critical illness myopathy/neuropathy. 
Five years later, still in a single centre study, Prof. 
van den Berghe demonstrated that the same was 
true for long-stay ICU patients with medical di-
agnoses [van den Berghe et al. 2006]. However, 
in that study the patients with a short ICU stay 
did not show any benefit. Although insufficient 
in number for a conclusive statement there was 
a tendency that these patients may even be at a 
disadvantage. Among the ICU patients with med-
ical diagnoses, the incidence of hypoglycaemia 
was considerably higher as compared to the sur-
gical patients. Furthermore, two other multi-cen-
tre studies in Europe were prematurely stopped 
for safety concerns because of the high incidence 
of hypoglycaemia (www.clinicaltrials.gov VISEP-
trial and Glucontrol study). None of these oth-
er two studies demonstrated any benefit of tight 
glucose control as reported in preliminary data 
at recent congresses. Although there was a high 
incidence of hypoglycaemia in these studies also, 
this was not directly related to mortality. The pa-
tients included in Prof. van den Berghe’s study 
were properly fed during insulin treatment, some-
thing less well-documented in the other two stud-
ies. Another possible difference is whether or not 
the patients in the treatment group actually were 
subjected to normoglycemia. Among the reasons 
to prematurely stop one of the studies, beside the 
frequency of hypoglycaemia, was also the protocol 
violation of not separating the intervention group 
from the control group properly. Thus, today there 
is still confusion on this matter. Nevertheless Prof. 
van den Bergh’s studies clearly show that meta-
bolic care makes a difference. Normoglycemia has 
been shown earlier to be beneficial in acute myo-
cardial infarction on insulin dependent diabetics 
and in women giving birth. It is clearly difficult 
to obtain a strict normoglycemia in ICU patients, 
which is the challenge for the future. 

Already from the very start synthetic fat emul-
sions, aiming to imitate the endogenous chylo-
microns, were subject to problems. In Europe the 
development of Intralipid® into a commercial 
product used in clinical settings was not accom-
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panied by a similar development in North Amer-
ica. The fat emulsions tested for clinical introduc-
tion in North America failed to show sufficient 
safety. Patients had severe allergic reactions and 
these products never made it to the market. The 
negative attitude towards fat emulsions as unsafe 
has therefore stayed on. In addition Intralipid®, 
with a high content of omega-6 fatty acids is 
claimed to have immune-compromising effects. 
There is a large literature of experimental evi-
dence demonstrating negative effects of long 
chained omega-6 fatty acids on various aspects of 
immune function. There are also published cases 
in clinical practice where this might have been the 
case. Unfortunately, there are no prospective ran-
domised clinical trials which demonstrate this 
negative effect in clinical practice. 

In order to improve immunological function 
several enteral formulas have been launched 
under the heading of immuno-nutrition or im-
mune-enhancing nutrition. These formulas are 
enriched in their content of arginine, omega-3 fat-
ty acids, nucleotides, antioxidants and sometimes 
glutamine. A number of clinical studies have been 
performed in patients undergoing elective surgery 
and in ICU patients. For the surgical patients, 
out of the scope of this chapter, there seems to be 
a general beneficial effect [Heyland and Samis 
2003]. However in the ICU patients the results of 
these studies have been very disappointing. Sever-
al studies even point out the possibility that such 
formulas may cause harm in subgroups of ICU 
patients [Bower et al. 1995, Bertolini et al. 2003, 
Dent et al. 2003]. The studies have several inher-
ent problems including the difficulty of adequate 
feeding by the enteral route. Overall, the results 
can be summarised as that these formulas have 
no place in the intensive care unit.

For omega-3 fatty acids, there is a lot of exper-
imental evidence demonstrating an antiinflam-
matory effect. This may be attributed to omega-3 
fatty acids having a beneficial effect upon prosta-
glandin and thromboxane systems. Furthermore, 
omega-3 fatty acids incorporated into biological 
membranes in the body may have antiinflamma-
tory properties. Clinical studies give evidence for 
extra supplementation of omega-3 fatty acids by 
the enteral route. In ARDS patients, the number 
of ventilator days as well as oxygenation index is 
shown to decrease, and in a recent study of sepsis 
patients the mortality is shown to decrease [Gadek 

et al. 1999, Pontes-Arruda et al. 2006, Singer et 
al. 2006]. The latter study shows a remarkable ef-
fect on outcome with the numbers needed to treat 
to be 6, which is an extraordinary clinical effect 
that needs to be confirmed in future studies. 

The controversy of the route of administration 
for ICU nutrition unfortunately persists. Part of 
the controversy is which evidence is relied upon. 
There are two major meta-analyses that come to 
opposite conclusions [Heyland et al. 2003, Simp-
son and Doig 2005]. The two meta-analyses basi-
cally reviewed the same studies (fig. 1). The dif-
ference is how they interpret the evidence from 
the reviewed studies, and what significance they 
give to the different pieces of evidence. In Dr Hey-
land’s meta-analysis the result is that there is no 
difference in mortality combined with a benefit 
for enteral nutrition in terms of morbidity. Drs 
Simson and Doig come to the conclusion that 
there is an advantage in terms of mortality for 
parenteral nutrition. This is of course frustrat-
ing, but this difference is clearly attributable to 
which patients are discussed. Several studies in 
the literature include patients who were possible 
to feed by the enteral route, and who should have 
been fed accordingly, but who were randomised to 
receive parenteral nutrition. Several studies also 
report an unacceptably high level of catheter-re-
lated infections. In one study, where the function 
of the gastrointestinal tract was used as criterion 
for inclusion to randomisation, the result is in a 
way remarkable. [Woodcock et al. 2001]. It both 
points out how difficult it is to assess the func-
tion of the gastrointestinal tract, and it also points 
out that ability to feed by the enteral route might 
be the best criterion for a functioning gastroin-
testinal tract. Nevertheless, when patients with 
an uncertain function of the gastrointestinal tract 
were randomised the number of complications, 
the morbidity, was lower for the group receiving 
enteral nutrition. However, at the same time, mor-
tality showed a strong tendency to become higher. 
In that study, as well as in many more studies, it 
is obvious that the longer the patient stays in the 
ICU, the larger the number of complications, re-
gardless of the route of feeding. This particular 
study is small in terms of the number of patients, 
which were randomised, and it is therefore in-
conclusive. However, in all other studies where 
patients have been randomised have not had this 
particular criterion addressed. This gives a back-
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ground, and a further dimension to the difficulties 
in evaluating the existing evidence of parenteral 
versus enteral nutrition in the ICU.

The best strategy for the future is definitely to 
watch for good routines in the unit, in this particu-

lar case to minimise the complications associated 
with parenteral as well as enteral administration 
of nutrients. Secondly, assuring that patients are 
fed properly from the start of their ICU stay. 
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Overall, the position of nutrition in the ICU today 
is an established treatment that many colleagues 
in intensive care medicine do not give very much 
emphasis. Still, it is highly likely that the outcome 
in the group of long-term patients in the ICU is 
highly dependent upon adequate nutrition. Re-
sults are emerging demonstrating that an accu-
mulated energy deficit is to the clear disadvantage 
of the patient [Villet et al. 2005, Dvir et al. 2005, 
Reid and Campbell 2004]. Of course such results 
must be interpreted carefully, but also when mul-
tiple regression analysis compensates the differ-
ences in underlying pathology and risk stratifica-
tion, the results pointing out a connection be-
tween underfeeding and complications and in-
creased mortality remain. Studies of the 
cumulative energy deficit show that a large por-
tion of it is created during the first week of ICU 
stay. Of course a short-term patient that will leave 
the ICU within a few days and commence eating 
ordinary food is not a big problem. On the other 

hand, if a malnutriated patient comes to the unit 
and stays for several weeks, no feeding during the 
initial period may be detrimental. In the literature 
there is very little evidence that a circulatorily un-
stable patient will not utilise nutrition. In partic-
ular when such a patient is measured by indirect 
calorimetry, it is clearly demonstrated that oxygen 
is consumed and carbon dioxide produced, ergo 
macronutrients are being combusted. The route 
of nutrient administration may be discussed. A 
circulatorily compromised patient may not be a 
suitable candidate for enteral nutrition. Overall 
over-enthusiastic enteral supply may be to the 
harm of the patient. It has been clearly demon-
strated that doctors frequently overestimate gut 
function [Woodcock et al. 2001]. So, parenteral 
nutrition in the initial phase of ICU stay may be 
necessary in many patients. Such a combination 
of enteral and parenteral nutrition, with today’s 
knowledge, is probably the best way to avoid an 
accumulated energy deficit. To obtain this target 
it is necessary to keep a nutritional record, where 
daily balances are recorded and action is taken on 
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the rounds to prevent under-nutrition. Ideally 
nurses should make these calculations each shift 
and the nutrition given should be adjusted ac-
cordingly. 

For special nutrients the addition of intrave-
nous glutamine has sufficient evidence. So far this 
evidence is confined to patients on parenteral nu-
trition [Novak et al. 2002]. There are different in-
terpretations of whether this effect is a treatment 
of a shortage or whether there is a specific effect 
linked to an extra supply of glutamine, a phar-
maco-nutritional effect. In contrast to the results 
from studies of intravenously supplied glutamine, 
studies with enterally supplied glutamine are so 
far not conclusive. Some studies show a benefi-
cial effect upon morbidity while others show no 
effect at all. In general these studies include pa-
tients with a good prognosis in terms of mortal-
ity (fig. 2), and it is not clear to what extent they 
actually represents subjects which are depleted in 
glutamine or have an elevated need for glutamine. 
So far, however, there are no studies demonstrat-
ing adverse effects related to glutamine supple-
mentation. So, the safety issue is not a problem. 
The issue is rather whether or not a relatively ex-
pensive supplementation can be encouraged. 
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It is essential to provide some sort of anxiolysis 
for the patient who is now no longer in control 
of their own breathing and is fearful of the dis-
ease and the frequently busy and noisy ICU en-
vironment. Survivors of intensive care have re-
ported distressing memories and anxiety, fear, 
pain and the presence of various catheters and 

procedures such as physiotherapy and airway 
suction [ Jones et al. 1979, Stein-Parbury and 
Mckinley 2000].

Patients in intensive care frequently experience 
pain or discomfort. Failure by carers to recognise 
that the patient may be experiencing pain, may 
result in the patient receiving unnecessary seda-
tives, since pain may show as agitation or anxi-
ety. Usually the source of pain is self evident: 
post-operative, procedural (e.g. physiotherapy, 
dressing change, bronchoscopy) or premorbid 
disease (e.g. rheumatoid arthritis). However pro-
longed immobility, urinary catheters, surgical 
drains, non-invasive ventilation, and airway suc-
tioning, may also cause discomfort [Novaes et al. 
1999, Desbiens et al. 1996, Stein-Parbury and 
Mckinley 2000]. Pain is usually associated with 
sympathetic hyperactivity with increases in heart 
rate, arterial pressure, and myocardial oxygen 
consumption and may lead to myocardial ischae-
mia in those already at risk [Epstein and Breslow 
1999, Mangano et al. 1992]. Pain may also be the 
cause of post operative atelectasis due to guard-
ing and reduced or restricted chest wall and dia-
phragmatic movement [Desai 1999, Gust et al. 
1999]. 
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All critically ill patients suffer from severe sleep 
deprivation, averaging approximately only two of 
every 24 hours, with only 6 % of sleep time in 
REM sleep (normal 25 %) [Cooper et al. 2000, 
Freedman et al. 2001]. The aetiology of sleep dis-
ruption is not entirely understood but is clearly 
related to the environment (excessive noise, light-
ing, procedures and mechanical ventilation), met-
abolic consequences of critical illness and, dis-
turbingly, the sedative and analgesic agents uti-
lised [Bently et al. 1977, Freedman et al. 1999, 
Gabor et al. 2003, Pandharipande and Ely 2006]. 
Although sedatives are extremely important for 
patient comfort, it is very important that the pre-
scriber achieves the correct balance since unnec-

essary sedation may contribute to sleep depriva-
tion.

The benefits of effective analgesia on the cardio-
vascular stress responses have been discussed. 
The extubation period, when the patient is weaned 
from mechanical ventilation to spontaneous res-
piration and the endotracheal tube is removed, is 
a prime example of a situation where continuing 
sedation can attenuate the cardiovascular stress 
response that presents as tachycardia and hyper-
tension, with potential myocardial ischaemia. 
Conti et al have shown that these haemodynamic 
disturbances and ischaemic events are attenuated 


