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the protein bound cobalamin absorption test takes into account
the release of cobalamin from protein as well. By doing so it
probably shows an earlier and lesser degree of gastric atrophy
than that found in pernicious anaemia that is nevertheless
sufficient to lead to cobalamin deficiency. Excluding patients
who have undergone gastric surgery, we have found only two
other case reports of malabsorption of cobalamin with megalo-
blastic anaemia and normal Schilling test results.16 17
There is a tendency to dismiss a low serum cobalamin concen-

tration as being of no clinical importance if results of a Schilling
test are normal and the patient is not a vegan. Our findings
suggest that persistently subnormal results of serum cobalamin
assays should not be readily discounted as the product of an
error of technique1 8 the investigation of patients with cobalamin
deficiency and normal results to the Schilling test should include
a test of absorption of protein bound cobalamin.

We thank our consultant colleagues for referring many of the
patients, Mr D I Fish for technical help, and Professor S R Bloom for
advice on gastrin assays.
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Relation between osmolality of diet and gastrointestinal
side effects in enteral nutrition

P P KEOHANE, HELEN ATTRILL, MARY LOVE, P FROST, D B A SILK

Abstract

One hundred and eighteen patients with normal gastro-
intestinal function were randomly allocated to one of
three feeding regimens in a double blind study to deter-
mine the relation between the tonicity of the diet and
gastrointestinal side effects related to the diet and to
evaluate the efficacy of "starter" regimens in reducing
gastrointestinal side effects during enteral nutrition.
Patients received a hypertonic diet with an osmolality
of 430 mmol (mosmol)/kg (group 1), the same diet but
with the osmolality increasing from 145 to 430 mmol/kg
over the first four days (group 2), or an isotonic diet
(300 mmol/kg) (group 3). All diets were prepared aseptic-
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ally and administered by 24 hour nasogastric infusion.
The mean daily nitrogen intake in group 1 was sig-
nificantly greater (p <005) than that in both groups 2
and 3, and the mean overall daily nitrogen balance was
significantly better (p <0 05) in group 1 than groups 2 and
3. The incidence of side effects related to the diet was
similar in all three groups, but diarrhoea was signi-
ficantly (p <0 001) associated with concurrent treatment
with antibiotics.
These findings show that undiluted hypertonic diet

results in significantly better nitrogen intake and balance,
that starter regimens reduce nutrient intake but not
symptoms, and that diarrhoea is significantly related to
treatment with antibiotics and not to administration of
an undiluted hypertonic polymeric diet.

Introduction

Enteral feeding is widely used to provide nutritional support,
and proprietary whole protein polymeric diets are recom-
mended for patients with normal gastrointestinal function.'
The effectiveness of this technique, however, may be limited
by gastrointestinal side effects related to diet, particularly
diarrhoea, which develop in up to 25% of patients.' 2
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It has long been thought that administration of an undiluted
hypertonic diet during the initial three to five days of naso-
gastric feeding may be a major factor in the pathogenesis of the
side effects.3 Consequently, "starter regimens" are widely
used, whereby the diet is diluted with sterile water and the
concentration and tonicity are gradually increased, giving an
adaptive period before the full strength diet is introduced.'-5
Not only is controlled evidence to support the value of starter
regimens lacking, but dilution of the diet may reduce the
quantity of nutrients infused during the first seven days of
nasogastric feeding by up to 20%. Thus a starter regimen
may appreciably impair the effectiveness of enteral nutrition,
particularly as the duration of nasogastric feeding is often less
than 10 days.1 2 6

We performed a double blind controlled trial to determine
the relation between diet tonicity and gastrointestinal side
effects and also to evaluate starter regimens as a method of
reducing gastrointestinal side effects during enteral nutrition.

Patients and methods

One hundred and eighteen patients who, in the opinion of the
nutritional support team, required nasogastric feeding as the sole
source of nutritional support were entered into this study after we
had obtained their informed consent. We excluded from the study
patients in whom fluid intake was restricted to less than 2-5 1/day
-for example, patients with cardiorespiratory or renal failure or the
inappropriate antidiuretic hormone syndrome-and those with
uncontrolled diabetes mellitus, diarrhoea, proved malabsorption,
inflammatory bowel disease, or pancreatic or small-bowel disease
associated with malabsorption or previous surgical resection. We also
excluded the few patients with daily nitrogen losses greater than 17 g.
The 118 patients were randomly allocated to one of three feeding

regimens (table I). Forty patients (group 1) were prescribed a hyper-

TABLE I-Feeding regimens

Ratio of
Nitrogen Volume Non-nitrogen energy (kJ) Osmolality

Proprietary diet content (ml/24 h) energy content to nitrogen (mmol/kg)
(g/24 h) (MJ/24 h) content

Group 1
Clinifeed 400 12 1900 7-12 594:1 430

Group 2
Clinifeed 400:
Day 1 4-8 1900 2-85 594:1 145
Day 2 7-2 1900 4-27 594:1 210
Day 3 9-6 1900 5-7 594:1 285
Day 4 onwards 12-0 1900 7-12 594:1 420

Group 3
Clinifeed Iso 11-8 2625 9-66 819:1 296

Conversion: SI to traditional units-Energy: 1 kJ z 0-24 kcal. Osmolality: 1 mmol/
kg= 1 mosmol/kg.

tonic diet (Clinifeed 400, Roussel Laboratories), 1900 ml of undiluted
diet, containing 12 g nitrogen, to be infused over 24 hours. Thirty
nine patients (group 2) were prescribed the same diet (Clinifeed 400)
with a three day starter regimen in which nitrogen intake and os-
molality were gradually increased from day 1 to day 4. Thirty nine
patients (group 3) were prescribed an undiluted isotonic diet (Clini-
feed Iso, Roussel Laboratories), 2625 ml, containing 11 8 g nitrogen,
to be infused each day. Sterile water was used to dilute the diet
prescribed for patients in group 2, and no other additives were used
in the diet of any group.
Double blind randomisation was performed by the dietitian to

ensure that the nursing and medical staff and the patients were not
aware of the type of diet prescribed. The dietitians did not perform
any of the subseque-it clinical assessments.

Total daily nitrogen loss was calculated as daily urinary nitrogen
loss plus 2 g for non-urinary nitrogen loss daily. Urinary nitrogen
loss was calculated from continuous 24 hour output of urea in urine
using a standard formula.7 We intended, when possible, to achieve a
positive nitrogen balance of 2-4 g/day (one can of Clinifeed 400, one
and a half cans of Clinifeed Iso). Feeding continued until no longer
clinically indicated.
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The diets were administered by continuous 24 hour gravity
assisted infusion with a fine bore nasogastric tube (Clinifeeding
system 1, Roussel Laboratories), 1-5 1 bags, and a standard giving
set (Deltaset, Roussel Laboratories). All diets were prepared aseptic-
ally by the dietitian and stored at 4°C in ward fridges before use.8

All patients were assessed daily by a member of the nutritional
support team. Attendant medical and nursing staff as well as the
patients were questioned about symptoms, and patients were re-
quested to complete a questionnaire.2 This standardised scoring
chart required patients to record the incidence, time course, and
severity of hunger, abdominal discomfort, fullness, bloating, nausea,
cramps, colic, or any other symptoms.2
For the purpose of this study the clinical definition of diarrhoea

was alteration of bowel habit associated with passage of loose or

frequent stools, or both, sufficient to be noticed by the patient or
nursing staff.2 When diarrhoea developed three samples of stool and
a sample of the enteral diet were cultured for pathogenic organisms.
The unpaired t test was used to compare the volume of diet infused,

nitrogen intake, and nitrogen balance. The X2 test was used to assess
the significance of the effect of antibiotics on the development of
diarrhoea, and the significance of difference in percentages was used
to compare the standard error of difference between percentages.

Results

Comparability of patient groups-Patients in all three groups were
well matched for age, duration of starvation before the start of
nasogastric feeding, underlying clinical diagnosis, and duration of
enteral feeding (table II). Outcome was similar in the three groups;
roughly half of all patients returned to oral nutrition (table III).

Nitrogen intake and balance-Table IV shows that total nitrogen
losses were similar in the three groups but that nitrogen intake in
groups 2 and 3 was significantly less (p<0 05) than that in group 1.
Thus overall nitrogen balance in patients in group 1, who were
receiving an undiluted hypertonic diet, was significantly better than
overall balance in groups 2 and 3.

TABLE iI-Comparability of patient groups

Group 2
Group 1 (Clinifeed 400, Group 3

(Clinifeed 400) starter regimen) (Clinifeed Iso)
(n = 40) (n = 39) (n = 39)

Diagnosis:
Surgery or trauma 16 11 13
Neurosurgery 9 10 11
Medical 15 18 15

Duration of prior starvation
(days):

Mean (SD) 19-7 (9-1) 17-5 (8-3) 17-9 (8-7)
Median 21-2 16-7 19 2

Duration of nasogastric
feeding (days):

Mean (SD) 8-8 (7) 8-5 (7) 88 (8)
Range 3-35 3-18 3-32
Median 7-4 7-2 7-5

TABLE III-Outcomne in 118 patients after nasogastric feeding

Group 2
Group 1 (Clinifeed 400, Group 3

(Clinifeed 400) starter regimen) (Clinifeed Iso)
(n = 40) (n = 39) (n = 39)

Return to normal diet 19 22 23
Death 13 12 13
Planned surgery 4 3 2
Transfer back to referring

hospital 4 2 1

TABLE IV-Mean (SE) nitrogen intake, loss, and balance

Group 2
Group 1 (Clinifeed 400, Group 3

(Clinifeed 400) starter regimen) (Clinifeed Iso)
(n = 40) (n = 39) (n = 39)

Nitrogen intake (g/day) 11-2 (4)* 7-5 (4) 8-9 (3)
Nitrogen loss (g/day) 9-3 (3-2) 10-1 (4-1) 9 9 (3 4)
Nitrogen balance (g/day) 1 9 (0 4)* -2-6 (0 9) -1-0 (0 4)

*Group 1 v group 2, and group 1 v group 3: p<0-05.
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Side effects related to diet-The incidence of nausea, bloating, and
cramps was similar in the three groups (four patients in group 1
(10%), six in group 2 (15%), and six in group 3 (15%'); overall
incidence 1355% (16/118)). Diarrhoea developed in 17 of the 118
patients (144%N) (two in group 1 (5%,), eight in group 2 (21%'),
and seven in group 3 (18%/)).

Influence of treatment with antibiotics-Thirty five patients received
antibiotic treatment (ampicillin alone or in combination with flucloxa-
cillin, gentamicin, or metronidazole) concurrently with nasogastric
feeding; these 35 included all 17 patients who developed diarrhoea.
Of the 83 patients who did not receive antibiotics, none developed
diarrhoea. Thus treatment with antibiotics was significantly
(p <0-0001) associated with the Occurrence: of diarrhoea during
enteral feeding.

Volume of diet administered-Overall the patients did not receive
the entire daily diet prescribed. Patients in group 1 received a mean
of 1768 (SD 11) (range 1600-1990) ml/day, those in group 2 1449
(28 6) (657-1800) ml/day, and those in group 3 1759 (32 9) (1340-
2223)/day of their respective diets. This represents 93%/ of the diet
prescribed for patients in group 1 (table V) but only 760o of that
prescribed for patients in group 2 and 6700 of that prescribed for
patients in group 3 (p <0 05).

TABLE v-Volume of prescribed diet actually administered

Group 2
Group 1 (Clinifeed 400, Group 3

(Clinifeed 400) starter regimen) (Clinifeed Iso)
(n=40) (n= 39) (n=39)

Volume prescribed (ml/day) 1900 1900 2625
Volume administered

(ml/day):
Mean (SD) 1768 (11) 1449 (28 6) 1759 (32 9)
Range 1600-1990 657-1800 1340-2225

Proportion of prescribed
dose administered (%O) 93* 76 3 67*

*Group 1 v group 3: p < 0 05.

Discussion

This study shows that an undiluted hypertonic polymeric
diet does not increase the incidence of gastrointestinal side
effects related to the diet in comparison with either diluted
starter or isotonic regimens. Moreover, this diet resulted in
significantly better nitrogen intake and balance.
The use of diluted starter and isotonic regimens is based on

the hypothesis that a high osmolar load is a major factor
in the pathogenesis of diet related symptoms. Uncontrolled
data supporting this assertion were derived from the use of
blended "home brew" diets with an osmolality of up to
1200 mmol (mosmol)/kg and a sodium content of up to
80 mmol(mEq)/l, infused in 500 ml boluses into the stomach
or jejunum.3 Appreciably different techniques are now used
to formulate, prepare, and administer diets. Generally, as in
this study, a sterile liquid diet with a sodium content of roughly
40 mmol/l and an energy content of 4-18 MJ/l (1 kcal/ml) is
administered by 24 hour constant nasogastric infusion, resulting
in a low volume and solute load. Recent work has shown
appreciable differences in the gastric emptying of liquid test
meals administered by the two techniques. After administration
of a liquid bolus an early, uncontrolled emptying phase
occurs,'0 11 during which the diet may reach the ileum."' Only
subsequently is a steady emptying rate achieved.'0 In contrast,
a constant infusion as used in the present study results in
controlled steady state emptying from the outset. Recent data
suggest that control of gastric emptying is subsequently regu-
lated by the energy content, not osmolality, of gastric
contents." 12
These findings suggest that there are several mechanisms for

symptoms that develop after bolus infusion of a hypertonic
diet and also for the relative- lack of significance of hyper-
tonicity when the 24 hour infusion technique is used. We
emphasise, however, that the results of this study are valid only
in relation to polymeric diets administered by 24 hour infusion
into a normal stomach.

Previous suggestions that concurrent treatment with anti-
biotics might be implicated in the pathogenesis of diarrhoea
related to enteral feeding1 2 are confirmed by our study. The
incidence of diarrhoea was higher than that expected with
treatment with ampicillin alone (6-12%),13 but the mechanism
is still not clear, previous studies having been unable to implicate
Clostridium difficilel or the lactose content of the diet.2
The disparity between the diet prescribed and the diet

administered is interesting. This has been observed in other
studies and has been related to the volume of the diet reservoir
used and nursing workload.14 In the present study identical
equipment was used to administer the diet in all patients and
instructions regarding the volumes of diet to be infused were
given daily by the dietitians. Unauthorised reduction of the
rates of infusion of the diet occurred in several patients in
group 2 after the onset of diarrhoea. In patients receiving the
isotonic diet (group 3) persistent failure to infuse all of the
larger volume of prescribed diet was the major factor in reducing
nitrogen intake.

In conclusion, the results of this study show that use of an
undiluted hypertonic polymeric diet results in significantly
better overall nitrogen balance and that use of either a starter
regimen or an isotonic diet reduces nutrient intake but not
symptoms. Diarrhoea is significantly related to concurrent
treatment with broad spectrum antibiotics and not to ad-
ministration of full strength hypertonic polymeric diets.

We thank Marie Godleman for secretarial help.

References
1 Jones BJM, Lees R, Andrews J, Frost P, Silk DBA. Comparison of an

elemental and polymeric enteral diet in patients with normal gastro-
intestinal function. Gut 1983;24:78-84.

2 Keohane PP, Attrill H, Jones BJM, Brown I, Frost P, Silk DBA. The
roles of lactose and Clostridium difficile in the pathogenesis of enteral
feeding associated diarrhoea. Clinical Nutrition 1983;1 :259-64.

3 Masterton JP, Dudley H, Macrae S. Design of tube feeds for surgical
patients. Br Med_3 1963;ii:909-13.

4 Lee H. Why enteral nutrition? Research and Clinical Forums 1979;1:
15-25.

5 Silk DBA. Enteral nutrition. Medicine International UK edition 1982;
15:668-73.

6 Jones DC, Rich A, Wright P, Johnston IDA. Comparison of proprietary
elemental and whole protein diets in unconscious patients with head
injury. Br MedJ7 1980;i:1493-5.

7 Lee HA, Hartley TF. A method of determining daily nitrogen require-
ments. Postgrad MedJr 1975;51:441-5.

8 Bastow M, Greaves P, Allison S. Microbial contamination of enteral
feeds. Hum Nutr Appl Nutr 1982;36:213-7.

9 Abbott WE, Krieger H, Levey S. Nutrition for the noningesting patient.
NY StateJ7 Med 1959;15:2911-22.

10 Johansson C. Studies of gastrointestinal interactions. Scand J7 Gastro-
enterol [Suppl] 1974;9:1-60.

1 McHugh P, Moran T. Calories and gastric emptying: a regulatory capacity
with implications for feeding. Am J Physiol 1979;236:254-60.

12 Meeroff J, Vayliang W, Go M, Phillips S. Control of gastric emptying
by osmolality of duodenal contents in man. Gastroenterology 1975;68:
1144-51.

13 Anonymous. Intravenous feeding. Further hazard? [Editorial.] Br Med 7
1975 ;iii :262.

14 Keohane PP, Attrill H, Love M, Frost P, Silk DBA. A controlled trial of
aseptic enteral diet preparation-significant effects on bacterial con-
tamination and nitrogen balance. Clinical Nutrition (in press).

(Accepted 8 December 1983)

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.288.6418.678 on 3 M

arch 1984. D
ow

nloaded from
 

http://www.bmj.com/

