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Future of enteral nutritioii
D B A SI K

From the Department of Gastroenterology and Nultrition, Cenitral Midldllesex Hospital, Lontdon

SUMMARY Although there has been agreement that enteral nutrition remains an excellent
means of providing nutritional support to malnourished patients with normal or near normal
gastrointestinal function, it is clear that areas of controversy do exist, and attention needs to be
directed towards these in the future.

Indications for nutritional support

It is 10 years since Bristian et al published their
papers showing that up to 500) of general medical
and surgical inpatients showed some evidence of
nutritional deficiencies. 2 Their data had often been
interpreted as implying that up to 50% of their
patients were "malnourished" and therefore in need
of nutritional support. Unfortunately. as time has
moved on, it has become clear that it is difficult-
almost impossible - to agree on what actually
represents clinically significant malnutrition.' In
practical terms what this means is that even if there
is agreement that a patient is malnourished, it may
not necessarily be clear that outcome will be
affected on account of this, and therefore unclear as
to whether nutritional support will be cost effective
or of benefit to the patient.

It is perhaps hardly surprising that agreement on
these points has not been reached, as it must be
appreciated that in the inpatient malnutrition often
arises as a consequence of the underlying disease
process, and this may not be amenable to
correction.

Research is therefore still required in the future to
achieve a more perfect definition of malnutrition.
Dionigi et at4 recently discussed the various
anthropometric, biochemical, and immunological
variables that have been used as indicators of
protein energy malnutrition. As they4 and others
have pointed out-3 the relative value of each of these
measurements has not been clearly defined, and the
problems of arbitrarily setting normal limits, still
persist.

If it is accepted that we are still unable to define
what constitutes "clinically significant" malnutrition
then it seems logical to continue to attempt dividing
Corrcspoindencc to: r I) 13 A Silk. I)Dpartiicnt ot Giaistrocilcrologl -itid
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patients into high and low risk groups either on the
basis of individual nutritional variables alone or by
using various and complexly derived "weighting"
systems. 5-7 Although such studies enable one to
predict with some certainty whether a patient is
likely to be at risk of an increased morbidity or
mortality, the question as to whether nutritional
support affects morbidity or mortality in the "at
risk" malnourished group still remains largely
unanswered: most clinical trials of nutritional
support have not been properly designed and have
included normally nourished as well as malnourished
patients. "

If clinical trials were to be designed sensibly - that
is, identification of a high risk malnourished group,
and these patients randomised to receive their
normal nutritional intake alone or combined with
nutritional support - then valuable information
could be gained as to whether nutritional support
can influence outcome, or whether the outcome is
influenced by the underlying disease process. Using
such means, the central question "is malnutrition
clinically significant'?" could be answered. One such
trial has been performed recently by Bastow et al,"'
who showed that malnutrition in elderly women
with fractured femurs was likely to be clinically
significant: patients randomised to receive supple-
mentary nasogastric feeding had an appreciably
quicker rehabilitation and earlier discharge from
hospital than did the control malnourished patients.

Practical aspects of enteral feeding

D)i Fl [ORMUl ATION
Polymeric diets
Silk'' reviewed the latest developments in the
physiology of nutrient absorption, which apply to
the formulation of enteral diets, and the indications
for using polymeric, afnd the predigested "'chemically
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Future of enteral nutrition

defined elemental" diets have been discussed. With
regard to the formulation of polymeric diets, issues
for the future include the rationalisation of the
carbohydrate energy source and the possible
advantages of increasing the nitrogen and energy
density of diets for routine clinical use from I-0 to
1-5 kcal/ml.
Jones et al'2 have now clearly shown that purified

starch hydrolysates containing glucose polymers of
chain length 10 or more glucose molecules are
satisfactorily assimilated in the normal human
intestine, even in the absence of luminal a amylase
activity. As the Table shows the osmotic contri-
bution of the purified glucose polymers material is
substantially less than the other carbohydrate energy
sources tested, which are similar in composition
to those used in most polymeric enteral feeds.
Consideration could therefore be given to replacing
the more heterogenous and relatively hyperosomolar
carbohydrate energy sources with purified high new
glucose polymer mixtures.'"' This would have the
effect of lowering diet osmolality and it would also
be possible to increase the energy density of the
present diets without changing osmolality by adding
extra carbohydrate in the form of the purified high
molecular weight glucose polymer mixtures.
One of the problems that has arisen in this unit

during our experience of enteral feeding has been
the inability to place all patients into positive
nitrogen balance.'1-" There are many reasons for
this, including the expected failure to overcome the
hypermetabolic state of septic and severely
traumatised patients, as well as the technical
problems of administering enough feed. The
technical problems identified include the poor
performance of feeding tubes, 17 use of starter
regimens,'6 the use of small volume containers,
and the slowing of infusion rates due to the
development of gastrointestinal side effects,
particularly diarrhoea. 18 I have also noted the

Table Osmolalities of carbohydrate subsirates

Ostnolaliti! (itinostiollkg)
Substrate (100 g/Kg H,O) (freezing point depresioon)

Glucosc 569
Malltosc 270
Calorccn t 92
Polycosc t 116
Maxijoulc*** 11I
Maltodcxtrins (Vivonex) § 11)4
>GI() polymcr mixturc IX

"Partial a amylasc hydrolysatte of starch;
tRouscil Laiboratorics. Wciniblcy Park, Middlcscx. UK;
.rRoss lIaboratorics. Columbus. Ohio. USA:
t**Scicntific hlospitali Supplics. Livcrpool. UK.

§Supplied by M Bciglcr, Pailo Alto. California. ULSA.
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difficulties encountered by nursing staff in our
general medical and surgical wards in administering
more than 20-2.5 litre enteral diet/24 hours. There
could well be advantages to increasing the nitrogen
and energy content of standard polymeric diets used
for routine feeding, and we are currently testing a
hypothesis that better nutrient balance can be
obtained by feeding diets containing up to 9-10 g
nitrogen/l and 15 kcal/ml compared with the
content of most of the standard diets currently
available, which contain in the region of 5-6 g
nitrogen/l and 1-0 kcal/ml. If the hypothesis is
proved diet osmolality would increase, and again
this could be lowered if the carbohydrate energy
source was to be composed of higher molecular
weight glucose polymer mixtures.

Predigested chemicallv defined diets
Results of basic physiological studies support a
concept that oligopeptide mixtures rather than free
amino acids should form the basis of the nitrogen
source of these diets.'' As we have emphasised'9
there is no evidence to support a nutritional
superiority of peptides over free amino acids: two
recent studies202' purport to show that there is. In
the first Smith et i2'' showed consistently higher
serum urea concentrations and higher urinary
nitrogen excretion values in four patients fed with
Vivonex HN (free amino acid nitrogen source)
rather than Criticare HN (predominantly oligo-
peptide based nitrogen source). In the second
Meguid et al,2' reported superior weight gains and
increases in serum albumin values in malnourished,
stressed patients with head and neck cancer receiving
Criticare HN instead of Vivonex HN. Although
equicaloric and equinitrogenous feeding regimens
were administered in both studies, neither group
was able to circumvent the major flaw in study
design - namely, that the amino acid patterns of the
enteral diets administered were completely different.
The two studies thus show that although Criticare-
HN is superior to Vivonex-HN, oligopeptides are
not necessarily superior to free amino acids. To
prove the superiority of a peptide based nitrogen
source over an amino acid based nitrogen source, or
otherwise, patients with severe impairment of gastro-
intestinal function must be randomised to receive
equicaloric, isonitrogenous, predigested diets of
similar and not different amino acid patterns.
One of my recent interests has centred on the

assimilation of fluid and electrolytes during enteral
feeding of patients with short bowel syndrome using
predigested chemically defined diets. Concerned
about the observation that patients with the short
bowel syndrome, particularly those with extensive
coexisting colonic resections, were getting diarrhoea
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when receiving predigested chemically defined
diets, we started an intestinal perfusion study to
investigate fluid and electrolyte absorption during
infusion of an isotonic solution of the free amino

acid based diet Vivonex HN.22 The results showed
fluid and electrolyte secretion rather than
absorption. Further experiments were undertaken
in which a range of solutions containing the amino
acid and glucose polymer components of Vivonex
were perfused. Of a total of nine nutrient solutions
studied, there was a linear correlation between
initial sodium concentration and net sodium
absorption, so that if the initial concentration
exceeded 90 mmol/l net sodium absorption
occurred, while at concentrations below this,
sodium secretion was observed. Water absorption
was linearly related to the net absorption of
osmotically active particles, a substantial proportion
of which was accounted for by the movement of
sodium and its anions. It was therefore concluded
that the net sodium secretion observed during
perfusion of isotonic Vivonex is not a unique feature
of this amino acid based diet but will occur during
jejunal perfusion of any predigested diet with a low
sodium content that does not contain sucrose as an

added component of the glucose polymer based
carbohydrate energy source.

Optimum absorption of water by the jejunal
segment occurred with nutrient solutions containing
>90 mmol/l of sodium.22 The sodium content of
Vivonex standard, Vivonex HN, Nutranel and
Flexical, four currently available predigested
chemically defined elemental diets, is 39-2, 36-3,
20-1 and 30-1 mmol/l, respectively, values that are

substantially lower than would be required to
promote net water absorption. On the basis of these
findings, we feel that there are adequate exper-

imental grounds for increasing the sodium content
of predigested diets when it is planned to administer
them to patients with the short bowel syndrome,
particularly those who have coexisting colonic
resections.

T1ECHNIQUES OF ADMINISTRATION

Jones23 reviewed the current techniques used in

administering enteral nutrition. While it is clear that
considerable progress has been made during the past
few years, we must continue to improve the design
and performance of nasogastric feeding tubes and
reach conclusions about the optimum size of diet
reservoirs, as well as continuing research aimed at
comparing the efficacy of pre-pyloric and post-
pyloric enteral feeding.

Feeding tlube design and perfOrmnance
As Bastow has pointed out-4 when wide bore tubes
of the Ryle type are used for nasogastric feeding, the

Silk

size and rigidity of the tubes tend to produce
irritation and inflammation of the oesophagus with
subsequent haemorrhage and stricture formation. In
my experience such side effects are not seen with
softer, narrower bore tubes. Nevertheless, the
performance of the fine bore nasogastric feeding
tubes is poor, with a non-elective removal rate of
about 60%.'7 On the positive side it must be
emphasised that although these tubes can be
misplaced into the trachea during insertion,>25 and
perforation of the nasopharynx,26 oesophagus,'7 and
stomach28 has been described, these complications
are rare. 24 The high tendency of these tubes to
dislodge is not reduced by using weighted tubes,'7 a
fact that needs continuously emphasising to
counteract the claims of the manufacturers. One
further disadvantage of small internal diameter fine
bore tubes, either the opened tip unweighted
variety, or the weighted tubes with side vents, has
been that their use makes aspirating stomach
contents difficult. Changing the design of the exit
port by ensuring that there are no slots, holes, ridges
or right angles to trap solids or curdled feeds means
that stomach contents can now be readily aspirated
(R Rees, D B A Silk, unpublished data). Un-
fortunately, as yet, there seems to be no easy answer
as to how nasogastric tubes can be kept permanently
positioned in the stomach.

Nasogastric v nasoenteral feeding
The main disadvantage of nasoduodenal or
nasojejunal feeding is that the pylorus is bypassed.
Gastric emptying is mediated by the action of the
pylorus, and the mechanisms underlying the
"'duodenal braking effect", whereby the rate of
gastric emptying is governed by entry of gastric
contents into the duodenum, have been analysed
recently by Spiller.29 The importance of the
duodenal brake is often ignored in enteral nutrition,
and the point that needs emphasising for the future
is that the osmotic load of nutrients presented to the
duodenum does not depend on the product of diet
osmolality and rate of diet infusion, but on the product
of gastric effluent osmolality and rate of gastric
emptying. The cramping, distension, and diarrhoea
that occur during nasogastric feeding are probably
related, at least in part, to the rapid secretion of
fluid and electrolytes in response to the high osmotic
load of nutrients entering the upper small bowel.
The "duodenal brake" will reduce these symptoms
if enteral feeds are infused intragastrically.

Although there have been no controlled clinical
trials to support the theory, it does seem likely that
regurgitation and aspiration of feed occur more
commonly in nasogastrically than nasoenterally fed
neurological patients. Particularly at risk are the
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Future of enteral nutrition

aged, debilitated, demented and stuperous patients;
those with poor gag reflexes and neuromotor
deglutition disorders; and neurosur ical patients in
the immediate postoperative phase.3 This represents
the subgroup of patients who should be fed naso-
enterally. As far as possible and despite claims to
the contrary,3' other patients should continue to be
fed nasogastrically.

Diet reservoirs
Concern has been expressed over the possible role
of nasogastric feeds as potential sources of infection
and cross infection, especially in patients in intensive
care units,! and the whole subject of microbial
contamination of enteral feeds has now been
reconsidered. 33
The concern about diet contamination led to the

widespread use of 500 ml diet containers that
required changing at least every six hours. Bastow
et a134 have shown that if sterile commercial feeds
are carefully emptied into diet containers on the
ward they remain sterile, whereas if a diet is blended
with additives in the diet kitchen it is likely to
become contaminated and subsequent bacterial
multiplication occurs (10W"' organisms/ml after
24 hours' exposure to ward temperature (21-24°C)).
As a consequence of this, it is clear that if enteral
feeds are to be prepared in the diet kitchen then
500 ml diet containers must be used. If pre-sterilised
enteral diets are used without blending, then 15-2
litre containers can be used. Keohane et al'-5 have
shown an added advantage of using large volume
diet containers in that appreciably greater propor-
tions of prescribed feed are actually administered
from 1-5 and 2 1 containers relative to 500 ml
containers, with consequent benefits to the patient
in respect of nitrogen balance. In my latest study I
showed that although similar quantities of prescribed
regimen were actually administered from 1 litre and
2 litre containers, pre-sterilised diet in prepackaged
2 litre containers was preferred by the nursing and
dietetic staff who took longer to set up 1 litre
containers as they had to be carefully filled on the
ward with pre-sterilised diet poured from bottles or
cans (R Rees, and D B A Silk, personal communica-
tion). I believe that the most efficient method of
administering enteral feeds in countries where
distribution is not a problem will be from pre-
packaged 2-3 litre reservoirs containing pre-sterilised,
ready to infuse diet, and in countries where distri-
bution is a problem, from 2-3 litre reservoirs
containing pre-sterilised, powdered diet to which
sterilised distilled water is added on the ward.
DISEASE SPECIFIC FORMULATIONS
Enteral diets containing fibre
It is now inevitable that interest will focus on the use

of diets containing fibre. The initial clinical interest
in the early enteral diets stemmed from the experi-
ence of the American space exploration pro-
gramme. The search for a diet that was, on the one
hand, nutritionally complete and, on the other hand,
would reduce stool output, led to the development
of the first chemically defined predigested
"elemental" diets.351" Such diets, as well as the
later polymeric diets, reduce stool weights as a
consequence of containing small quantities of fibre.
On the basis that the addition of 40 g of fibre/day to
the polymeric diet ensure normalised stool wei7ghts
and bowel function in normal male volunteers,3 the
use of a diet containing fibre (Enrich, Abbott
Laboratories Ltd, Queenborough, Kent) has been
proposed in elderly and long term disabled patients,
those requiring chronic tube feeding and home tube
feeding, as well as those with constipation, and
neurological patients with extended inactivity
(Abbott Laboratories). Two litres of Enrich
contains 42 2 g soya polysaccharide equivalent to
28 1 g dietary fibre, the same as a typical United
Kingdom diet.38 39 In a recent randomised cross
over study, however, daily stool weights. bowel
frequency, and incidence of gastrointestinal side
effects in patients receiving 2 litre polymeric diet
administered by continuous 24 hour nasogastric
infusion were unaffected by the addition of 24 g
carrot fibre.41' The augmentation of enteral diets
with fibre increases their viscosity and may make the
diets more difficult to administer through narrow
bore feeding tubes. On the basis of this recent
clinical research in enterally fed patients,40 there
seems to be no rationale to prescribing enteral diets
containing the present quantities of fibre. It is hoped
that in the future clinicians will bear in mind the cost
factor of adding fibre to enteral feeds before being
persuaded to prescribe them.

Respiratory and cardiac failure
In an important study respiratory, cardiovascular,
and metabolic changes were monitored during
balance studies in undernourished patients receiving
continuous enteral feeding.4' With increasing en-
ergy infusion rates oxygen consumption, carbon
dioxide production, minute ventilation, heat
production, heat release, and heart rate increased
on both a high carbohydrate and high fat diet.
Rather disturbingly, increases in carbon dioxide
production and minute ventilation were greater for
the high carbohydrate relative to the high fat
formula. In the clinical setting care must be taken
not to precipitate heart failure during continuous
enteral feeding in compromised patients. Further-
more, these findings also suggest that the ratio of
carbohydrate to fat should be decreased in enteral
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120 Silk

diets administered to patients with respiratory
failure. A new diet (Pulmocare, Ross) has been
formulated along these lines. There will clearly be a
need for more research to be undertaken in this
important area.

BRANCHED CHAIN ENRICHED ENTERAI DIETS

Stress
There has been much interest in the role of
branched chain amino acids (BCCA) in the manage-
ment of the stressed patient. The plasma concentra-
tions and catabolism of the BCAAs change under
stress42 and as in vitro incubations of isolated muscle
indicate that leucine specifically increases the rate of
protein synthesis and decreases the rate of protein
degradation,4- a special role for BCAAs as
anticatabolic amino acids in stressed patients has
been proposed.

It can be argued, however, that the in vitro studies
were grossly unphysiological as all preparations
were in negative nitrogen balance (degradation
>synthesis). In vivo leucine has no effect on
muscle protein synthesis, even at greatly increased
concentrations,48 and it is thus hard to justify the use
of BCAA enriched formulations in enteral nutri-
tion. Although Cerra et a149 showed that enriched
parenteral solutions seemed to give a more rapid
return to a positive nitrogen balance than standard
solutions after abdominal surgery, the cumulative
nitrogen balances measured over six days were the
same. In their most recent study5 BCAA enriched
enteral diets resulted in better nitrogen balance after
five and seven days' feeding than standard diets in
-moderately high ICU stress" (>10 g urinary
nitrogen/day). Any potential clinical benefits were
not reported. The remaining controlled trials pub-
lished recently were disappointing. Of the seven
studies, one has shown greater nitrogen loss with
high BCAAs5' and six have shown no difference in
protein metabolism and nitrogen balance.>-7
The current vogue for using BCAA enriched

formulations for stressed or catabolic patients is
therefore probably misconceived for two reasons.
Firstly, the metabolic rationale for high concentra-
tions of BCAAs and a specific role for leucine are
questionable. Secondly, there has been no convinc-
ing proof over the past few years of a definite clinical
benefit from these solutions.

Hepatic encephalopathy
The use of enteral or parenteral formulation con-
taining BCAAs, alone or in combination with other
essential and non-essential amino acids in the
management of malnourished cirrhotic patients with
encephalopathy, remains topical and certainly
controversial.58

INFLAMMATORY BOWEL DISEASE
Although it would be an oversimplification to
conclude that a specially formulated enteral diet is
required in inflammatory bowel disease, the free
amino acid based diet Vivonex HN seemed to have a
considerable primary therapeutic effect in achievinU
a remission in patients with acute Crohn's disease.
It remains to be established as to whether the
symptoms of Crohn's disease were alleviated purely
as a consequence of nutritional support per se, or
whether the diet changed the bacterial flora in a
beneficial way, or, indeed, whether the benefits
were related to the hypoallergic properties of the
free amino acid nitrogen source of the diet. Further
research is needed to answer these questions. At the
time of writing Vivonex is the only enteral feed that
has been shown under controlled clinical trial
conditions to have a specific primary therapeutic
effect in patients with Crohn's disease.

Conclusion

This review has concentrated on the areas in the
field of enteral -nutrition that are associated with
some uncertainty or controversy. The future of
enteral nutrition is, however, assured. In my experi-
ence some three quarters of all patients requiring
nutritional support can be fed via the enteral route.
The indications for starting enteral feeding need
continuous reappraisal. There is still scope for
rationalising the formulation of the standard
polymeric and predigested diets, and we need to
strive to improve techniques for administering them.
Finally, we should continue to assess critically the
results of studies that are quoted by manufacturers
as purporting to show appreciable clinical benefits
for any of the new enteral diets formulated to satisfy
the metabolic demands of specific underlying
disease states.
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