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Abstract-The effects of controlled continuous nasogastric tube feeding with a non-elemental 
liquid diet (Nutrison high energy) were studied 1 day before, and 1 week and 3 weeks after 
radical surgery mostly for cancer of the tongue or froor of the mouth in 20 patients. Since the 
actually administered 89% of a planned dose of 32 kcallkg body weight/day given to theJirst 
eight patients (group A) proved inadequate to prevent a decrease of body fat mass, the energy 
dose given to 12 successive patients (group B) was increased. The administration of 95% of 
43 kcallkg body weight/day to group B patients appeared to be sufjcient. A marked decrease 
of the 24 h urinary excretion of creatinine and 3-methylhistidine was observed at 1 week and 
still existed at 3 weeks after operation in both groups. The decrease was signrficant in group A 
amounting to some 40% for both metabolites. In group B creatinine excretion decreased by some 
20% (n.s.) and 3-methylhistidine by some 35% (ns). Thesejndings suggest diminished muscle 
protein breakdown, even in the presence of an ample nutritional supp~ of energy and protein. A 
transient decrease of serum albumin, iron and rinc in all patients is likely not to be related to 
nutritional intake, but to surgery itself. Analysis of trace minerals and vitamins in blood and 
amino acids in serum and urine showed no defiiencies or amino acid imbalance. Assessment of 
the psychosocial impact of the nasogastric tube feeding regimen revealed gastro-intestinal complaints 
in a minority, and feelings of being deprived of the act of eating and drinking in the majority 
of patients. 

INTRODUCTION 
IT IS generally held that enteral feeding, whenever 
possible, is preferable to parenteral nutrition, the 
former being more physiological, more effective, 
easier to comply with, safer and less costly [ 1, 21. 
Notwithstanding extensive research, parenteral 
nutrition is still considered as suboptimal [3]. A 
large number of commercially available non- 
elemental formula diets have been successfully 
introduced. Their compositions differ and, optim- 
ally, are based on recommended dietary allowances 
(RDAs) for vitamins, mineral and trace elements 
in normal adults [4]. There is still insufficient 
information on micrkutrient requirements for the 
evaluation of artificial nutrition during particular 

.states of-disease or periods of physiological stress 
[5]. Similarly, the daily dosage of energy and 
macronutrients received by patients under vari- 
ous conditions is often ill-based [6]. The purpose of 
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the present clinical study is a prospective survey of 
the effects of a generally accepted, relatively low- 
cost liquid formula diet after curative surgery for 
cancer mostly of the tongue or mouth floor. To 
answer the question how the needs of patients were 
met during the post-operative period continuous 
nasogastric tube feeding was administered at a 
predetermined dose level with assessment of the 
nutritional status, tolerance to the diet and well- 
being during 3 weeks. Since our observations 
showed that the nutritional dose in the first eight 
patients was inadequate, the dose was raised in the 
successive 12 patients. This made some compari- 
sons between the effects of two different dose levels 
possible, although the present investigation was not 
designed as a prospectively randomized clinical 
trial. 

MATERIALS AND METHODS 
Twenty successively admitted patients (12 male 

and eight female, mean age k S.D. of 19 patients 
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Table 1. Surgicalb treated tumors (trpc of operation will be sent to readers on request) 

Tumor site 
Group A Stage 

Tumor site 
Group B Stage 

1. 
2. 
3. 
4. 

5. 
6. 
7. 
8. 

Postcricoid pharynx 
Epiglottis 
Floor of the mouth 
Larynx 
(irradiated 6 years previously) 
Floor of the mouth 
Supraglottis 
Retromolar trigone 
Tongue 

T,N,M, 
T,N,M, 

T,N,M, 
T,NoM, 

T,N,M, 
T,NsM, 
TsN,M, 
T,N,Mo 

9. 
10. 
11. 

12. 
13. 

14. 
15. 
16. 
17. 
18 

19. 

20. 

Base of tongue 
Supraglottic 
Lymph node metastasis fixed 
to mandibula from lip 
primary resected 1 year 
previously 
Retromolar trigone 
Larynx irradiated 3 years 
previously; now necrotizing 
chondritis 
Floor of the mouth 
Epiglottis 
Tongue 
Tonsil 
Larynx irradiated 8 years 
previously; necrotizing chondritis 
Larynx recurrence irradiated 
1 year previously 
Floor of the mouth 

T&M, 
T,N,M, 

- NsM, 

TAM,, 

TAM, 
T:&Mo 
T:&Wo 
T,N,M, 
- 

T&M, 

T,N,Mo 

67.8 + 9.1 years; one other female patient was only 
22 years of age) were studied after surgery. In Table 
1 tumor site and stage and type of surgery are 
given for individual patients in groups A and B 
respectively. Reliable data concerning weight loss 
prior to diagnosis were difficult to obtain. Most 
patients had been consuming excessive amounts of 
alcohol and tobacco, and in general indicated some 
weight loss. However, body mass index (BMI) 
values indicated a sufficient average pre-operative 
weight corrected for height (Table 2). All patients 
gave their informed consent to the study. During 
operation a small-caliber nasogastric feeding tube 
was introduced in addition to the routinely used 
nasogastric catheter for drainage and lavage of 
the stomach early after operation. A commercially 
available, non-elemental formula diet (Nutrison 
high energy*) was administered by means of an 
Ivac infusion pump as continuous feeding over 24 h 
at a selected and controlled rate. Tube feeding 
was started on the first postoperative day after 
swallowed blood had been washed out from the 
stomach. The individual dose of energy adminis- 
tered over 24 h was calculated on the basis of lean 
body mass (LBM) and resting energy expenditure 
(REE). LBM was determined by subtraction of the 
body fat mass (BFM) from body weight (body mass 
or BM). BFM was assessed by the standardized 
measurement of four skin fold thicknesses [7]. The 
REE was derived from the Nederlandse Voedingsmidde- 
lentabel (Dutch Food Composition Table) [8], recom- 
mending 1.1 kcal (4.60 kJ) per kg body weight per 

*The composition of Nutrison high energy is well-balanced. 
Detailed information is available on request. 

h + 10% (S.D.) f or an adult male (20-25 years old, 
70 kg ofwhich 15% is BFM) and 1.0 kcal(4.18 kJ) 
per kg body weight per h + 10% (S.D.) for an adult 
female (20-25 years old, 60 kg of which 25% is 
BFM). Male and female healthy individuals then 
would consume 31, and 32 kcal per kg LBM per 
24 h respectively. Since aging is generally associ- 
ated with a gradual decrease of metabolically active 
cell mass and a corresponding decrease of REE, the 
assumption of a minimal requirement of 30 kcal per 
kg LBM per 24 h for male and female patients to 
cover their REE seemed both safe and practical. 
These figures correspond reasonably well with the 
WHO/FAO recommendations [9, lo]. To compen- 
sate for energy losses due to ‘surgical and postsurgi- 
cal stress’ a dose increment of 50% was given 
initially. The weight loss observed in the first eight 
patients (group A) led to the decision to give a dose 
increment of 100% to the next 12 patients (group 
B). On the first postoperative day (day + 1) only 
50% of the calculated dose was scheduled, to be 
increased to the full dose rate on the second postop- 
erative day. A daily minimal intake of 2000 ml of 
water by all patients was guaranteed by bolus 
administration of tap water if required. Part of the 
water was used to flush the tube regularly, especially 
after drugs had been given. Generally patients were 
allowed to drink water from the 10th postoperative 
day on. During the 3-week observation period no 
other nutrients were given. 

The nutritional status of the patients was assessed 
by anthropomctric measurements and laboratory 
tests on the day before surgery (day -l), and on 
days + 7 and +21 after operation. Anthropometric 
measurements carried out by one trained investi- 
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Table 2. Change of anthropometric measures of nutritional status (mean 2 S.D.) as measured on the day before surgcc’y (to) and on day 7 
(t, ) and 2 1 ( t2) aftir operatibn. Figures obtained at t I and tp arc also expressed as a percentage of the to values 

Group A Group B 
n=8 n = 12 

Height 

Body mass index 

Body weight 

(BW 

Lean body mass 

(LBW 

Body fat mass 

(BW 

m 
1.69 * 0.05 

kg/m’ 
23.49 f 2.30 

kg 
65.2 ” 9.3 
62.8 + 8.6 
62.0 ? 8.4 

kg 
47.4 t 6.1 
46.8 * 5.2 
46.3 2 6.0 

kg 
17.8 I? 5.4 
16.1 + 5.8 
15.7 + 4.5 

% 
100 
96.6 f 2.7 
95.3 2 3.6 

% 
100 
97.1 2 2.3 
97.8 f 4.0 

% 
100 
92.5 f 7.1 
89.3 2 9.3 

m 
1.69 2 0.11 

kg/m’ 
24.36 ? 3.15 

P-value* kg 
73.7 f 13.9 

co.01 
72.5 f 12.3 
73.3 ? 13.3 

kg 

n.s. 

52.5 t 9.3 
51.6 f 8.0 
51.5 * 8.8 

kg 
21.2 f 8.2 

0.02 
20.8 f 7.8 
21.7 + 7.6 

% P-value* 
100 
98.4 f 2.7 
99.5 -e 2.6 n.s. 

% 
100 
98.8 rt 4.0 
98.4 ? 2.9 “..S. 

% 
100 
99.4 -t 6.0 

104.2 * 7.1 ns. 

*Comparison between to, t, and t2, respectively (paired t-test). 

gator included body weight (BM), length and four To the questionnaire 10 items were added, based 
standardized skinfold thicknesses (triceps, biceps, on the Tube Feeding and Hospital Experiences 
subscapular and suprailiac) [Ill. BFM and LBM Checklist-the TFHECL [20]. These items identify 
were derived according to Durnin and Womersley the subjective level ofpatient distress directly associ- 
[7]. Laboratory tests included, besides routine par- ated with tube feeding (Table 2). The scale was 
ameters, serum components with a relatively short supplemented with a question concerning the 
half-life like albumin, transferrin [ 121 and vitamins importance one links to the color of the tube 
Bi (ETK) [13], B2 (EGR) [14], B, (EGOT) [15], C feeding. The patients were asked to score their 
[16] and folic acid (Simul TRAC kit of Becton complaints on a four-point scale as ‘not at all’ (0), 
Dickinson Immunodiagnostics; Orangeburg, U.S.A.), ‘a little’ (l), ‘quite a bit’ (2) and ‘very much’ (3). 
calcium, magnesium, inorganic phosphate, zinc The total score on the malaise scale could range 
(atomic absorption photometry), selenium [ 171 and from 0 to 12 and on the psychological complaint 
amino acids [18] in blood, and urea, creatinine, scale from 0 to 2 1. All questions were formulated in 
calcium, inorganic phosphate, zinc and amino acids such a way that the patient was asked about the 
[ 181 excreted in urine over 24 h. condition on the previous day. 

Non-fasting venous blood samples were collected 
between 8 and 9 a.m. in Venoject@ glass tubes 
(Terumo Co., Tokyo, Japan). Serum and EDTA 
hemolysate from packed cells were stored at -20°C 
until analysis. 

The patients’ well-being was investigated by 
inquiring after specific nasogastric tube-related and 
nutrition-related complaints of distress. Further- 
more, a standardized checklist of multiple choice 
questions concerning feelings of ‘malaise’ was 
administered, on days - 1, + 7 and + 2 1. The techni- 
cal procedure went as follows: physical and mental 
well-being were measured by a checklist of com- 
plaints, based on the results of a pilot study [ 191. 
The items were divided into a malaise scale (four 
items) a psychological complaint scale (seven items), 
complaints related to the gastro-intestinal tract (10 
items), and complaints related to thirst (three items). 

The first administration of the checklist was on 
day - 1 (baseline questionnaire). The items directly 
associated with the tube feeding were omitted, as 
the patients at that moment could still eat and 
drink. The complete questionnaire was filled out on 
day + 7 and day +21. One of two psychologist- 
investigators was always on hand during the com- 
pletion of the checklist to ensure that the questions 
were clearly understood. 

Statistical evaluation was done by analysis of vari- 
ance, the multiple comparison Student-New- 
man-Keuls’ test and the paired or unpaired t-tests 
(for comparison within and between the groups 
respectively), as specified in Results [2 11. For some 
parameters all patients were considered together, 
for some others a distinction was made between 
groups A and B. 
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RESULTS 

Nutritional intake 
The first eight patients (group A) received 89% 

of the scheduled daily energy dose of 45 kcal/kg 
LBM (approximating 32 kcallbody weight). 
Because of loss of BM, and especially of BFM, the 
energy dose given to the next 12 patients (group B) 
was increased by 50%. The daily dose actually 
administered to group B amounted to 95% of the 
planned 60 kcal/kg LBM (43 kcal/kg body weight). 
Various factors prevented the prescribed dose from 
being reached. Besides pump rate errors, transient 
obstruction of the feeding tube occurred. This hap- 
pened mostly during the first part of the study 
period in patients receiving drugs via a small-bore 
(8G) nasogastric catheter. Problems were solved 
by prescribing liquid drug formulations whenever 
possible and by regularly flushing the tube with small 
amounts of water. To avoid further obstruction 
problems a large bore-size (1 OG) was selected after 
the first 10 patients. Two ofpatients needed surgical 
intervention for postoperative complications caus- 
ing temporary interference with the feeding sched- 
ule. The planned intake was inadequate especially 
on days + 1 (mean 53% in group A, and 40% in 
group B) and +2 (60% in group A, and 70% in 
group B). This was due to an intolerance of most 
patients to a full dose rate which caused feelings 
of fullness and nausea early after operation. The 
average dose rate was fairly constant from day +3 
onwards, with an average coefficient of variation of 
22% in group A and 11% in group B. As a minimal 
fluid intake of 2000 ml was judged desirable all 
patients of group A and five out of 13 patients of 
group B needed extra water. 

Nutritional status 
Anthropometry. Table 2 shows the mean values of 

BM, BFM and LBM monitored in 20 fully evalu- 
able patients. Because of the variation between 
individuals at to (day 1) changes of anthropometric 
values were also considered as a percentage of to- 
values. In group A, BM and BFM were significantly 
lower at t, (day +7) and t2 (day +21) compared to 
to (P = 0.008 for BM, P = 0.02 for BFM). Since 
LBM, calculated as the difference between individ- 
ual BM and BFM, did not change significantly, the 
loss of BM was apparently due to a predominant 
loss of BFM. In group B, BM, BFM and LBM did 
not change significantly. These data demonstrate 
that an average dose rate of 57 kcal/kg LBM/day 
was sufficient to at least maintain BM, an average of 
40.5 kcallkg LBMlday being inadequate. Although 
group B patients showed a higher mean body weight 
compared with group A at to, other anthropometric 
measures were not significantly different between 

*Detailed data are available on request. 

groups A and B at to (unpaired t-test). The body 
mass index was similar in both groups indicating a 
sufficient average pre-operative weight for height 
in all patients (Table 2). A significant difference 
between groups A and B was observed at t, and t2 
for BM and BFM (P < O.Ol), but not for LBM. 

Laboratory tests 
From the data obtained from blood and urine 

analysis,* it appeared that mean pre-operative 
blood levels were all normal. The concentration of 
serum albumin was significantly decreased at t, and 
t2 when compared to to: group A: to 42.6 + 5.2, t, 
37.0 ? 2.8 (PO.O5), t2 37.6 + 4.8 (PO.05); group 
B: to 42.8 ? 2.7, tl 36.9 * 3.2 (P 0.0001) t, 
37.9 + 3.0 (PO.0001) g/l (mean + S.D.). Serum 
transferrin levels also decreased. However, the dif- 
ference between to and t, was significant only when 
data from all patients were compared (P < 0.05), 
each group being apparently too small to show 
statistical significance. 

Group A had transferrin concentrations which 
were lower than in group B (P < 0.02). Elevated 
transferrin levels, indicating iron deficiency, were 
not observed. The 24 h urinary excretion of creatin- 
ine was significantly lower at tl (6.4 * 2.2 mmol) 
and t2 (6.5 + 2.5 mmol), when compared to to 
(10.7 + 3.8 mmol) for group A (P < O-01), indicat- 
ing a decreased creatine turn-over. The 24 h urinary 
excretion of 3-methylhistidine dropped signifi- 
cantly, i.e. from 100% at to to 66% at I, in both 
groups, to 53% and 58% at t2 in groups A and B, 
respectively. However, when expressed per excreted 
gram ofcreatinine the excretion of 3-methylhistidine 
did not change in group A, but decreased in group 
B. Serum levels of alanine and glutamine, the major 
amino acid resources for gluconeogenesis, remained 
stable. Also the serum concentrations of the 
branched-chain amino acids valine, leucine and 
isoleucine did not change significantly. 

The blood urea concentrations and 24 h urinary 
urea excretion showed an insignificant rise in group 
B. This tendency probably reflected the high 
nutritional protein load administered to these pati- 
ents, rather than an increased breakdown of 
endogenous protein which would be more likely in 
group A. 

The vitamin status gave no rise for concern, as 
all parameters remained stable, the serum folic acid 
concentration even significantly increasing at t2 
when compared to to and t, in group B 
(P = 0.00001). The normotest value, used as a 
parameter for possible vitamin K deficiency, 
showed that the provision of vitamin K was suf- 
ficient during the observation period although no 
vitamin Kt was added to the formula diet. 

The other micronutrient parameters in serum 
and urine were quite stable with the exception of 
the serum iron and zinc concentrations and the 24 h 
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Table 3. Estimated nitrogen balance* over 3 weeks of post- Table 4. Number of patients who scored positively on the com- 
operative nasogastric tube-feeding plaints rclakd to the gastro-intestinal tract and the complaints 

related to thirst on days + 7 and + 2 1 (n = 20) 

Average Nutrison 
intakel/day 

Average nitrogen 
intake g/day 

Average urinary 
nitrogen loss 
(urea-N) g/day 

Estimated average 
nitrogen loss via 
feces, skin, hair 
and nails g/day 

Average nitrogen 
balanceg/day 

Group A Group B 

1.27 2.00 

9.91 15.60 

k, 6.80 7.08 

t, 
1, 

;:6; 6.54 ‘i$ 9.93 

2.0 2.0 

+1.37 +3.67 

*An estimation of the nitrogen balance (average daily intake 
minus losses) over the 3 week observation period was done by 
assuming that the average of the 24 h urinary losses measured 
at t,, and t, plus an estimated average loss via feces, skin, hair 
and nails represented a reasonable approximation. 

urinary excretion of inorganic phosphate. Serum 
iron was lowest at t,, differing significantly from to- 
values in group B (P < 0.01). The latent iron 
binding capacity did not change significantly. 
Serum zinc was also lowest at tl and significantly 
lower than at to ‘(P = 0.02) for all patients; The 
urinary zinc excretion did not significantly change, 
reaching however above normal range values at t, 
and tP. The urinary phosphate excretion showed a 
highly significant decrease at tI and t2 when com- 
pared to to for all patients (P = 0.00001). Serum 
phosphate did not significantly change. 

The results of blood and urine tests for sodium, 
potassium, calcium, magnesium and selenium 
revealed no significant trends. 

Differences of &values between group A and 
group B were due to chance, not to selection since 
all patients presenting for surgery were successively 
entered. Mean height and body mass index were 
very similar in both groups. Nonetheless, patients 
of group B seem to have started off with a somewhat 
better nutritional status compared to group A pati- 
ents. This could be concluded from a trend to higher 
t,,-values in group B for body weight, serum total 
protein, creatinine, iron, transferrin, vitamins C, 
B,, B2, B, and various amino acids, whereas the 
urinary excretion of 3-methylhistidine was lower. 
However, two particularly tall and heavy male 
patients belonging to group B have influenced some 
of the mean figures a great deal. 

In Table 3 a rough estimation is given of the 
nitrogen balance during the period of observation, 
indicating a just positive balance in group A, and a 
clearly positive balance in group B. 

Having the feeling of a full stomach 
Burping 
Having heartburn 
Vomiting 
Feeling as if having to vomit 
Being nauseated 
Having abdominal cramps 
Having sounds in the stomach 
Having diarrhea 
Having obstipation 
Being thirsty 
Having a dry mouth 
Having to swallow more than usual 

5 
4 
4 
0 
5 
4 
3 
5 
4 
7 

10 
I2 
15 

Well-being 
The patients had no difficulty in completing the 

questionnaires. After a brief standardized instruc- 
tion, they were able to do so on their own. On day 
- 1, 50% of the patients scored positively on the 
malaise scale (mean score 3.9). On days + 7 and 
+21 these percentages were 90 (mean score 3.8) 
and 85 (mean score 4.1) respectively. The difference 
in prevalence was not significant (Friedman test). 
With respect to the psychological complaint scale, 
the percentage of patients who indicated they had a 
complaint amounted to 80% on day -1 (mean 
score 5.3), 70% on day +7 (mean score 3.6) and 
80% on day 421 (mean score 4.8), so that hardly 
any difference in prevalence on the three points of 
assessment could be observed. The patterns of the 
scores on the complaints related to the gastro- 
intestinal tract and on the complaints related to 
thirst, were very diffuse. Therefore, in Table 4 only 
the number of patients who scored positively on day 
+ 7 and/or on day +21 are given. 

As can be seen from Table 4, relatively few 
patients scored on the complaints related to the 
gastro-intestinal tract. At least 50% of the patients 
stated they had a complaint relating to thirst. 

In Table 5 the number of patients who scored on 
the items relating to distress directly associated with 
tube feeding is given. More than 50% of the patients 
at both points of assessment felt deprived of the act 
of eating. None of the patients on day + 7 ascribed 
any importance to the color of the tube feeding. On 
day +21 only one patient stated he disliked the 
color. 

DISCUSSION 

The present study was undertaken to observe the 
effects of a widely accepted, low-cost liquid formula 
diet during 3 weeks after head and neck surgery in 
elderly patients with mostly cancer of the tongue or 
floor of the mouth. Since the nutritional intake was 
accurately known, various clinical and laboratory 
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Table 5. Number of patients who scoredpositiveb on the items based on the Tube Feeding and 
Hospital Experiences Checklist (TFHECL) (n = 20) 

Day 7 Day 21 

Feeling deprived of tasting food 
Having an unsatisfied appetite for certain foods 
Feeling deprived of drinking liquids 
Feeling deprived of chewing or swallowing foods 
Feeling deprived of socializing while eating 
Minding being seen by others with a tube in nose 
Minding that the tube looks so different 
Having a sore nose or throat 
Having a running nose 
Having a sleepless night as a result of wearing the 

I5 
I4 
13 
12 
II 

4 
a 

I1 
I1 
10 

I6 
13 

7* 
9 
a 
a 

6 
6 

*On dav +21 IO patients were allowed to drink water. Of the remaining patients seven felt 
deprived of drinking liquids. 

parameters could provide an assessment of the 
nutritional requirements during this period. Also, 
the physical tolerability and the psychosocial impact 
of exclusive nasogastric tube feeding could be 
assessed. 

Although supported by few data from studies 
on enteral nutrition, it has been advocated that 
postoperative patients may have energy require- 
ments of 1.25-l .5 times their resting energy expen- 
diture [6, 221. Our first eight patients (group A) 
were treated with 1.5 times the resting energy 
expenditure (REE) . For this calculation the LBM 
rather than total body weight was used, since the 
body fat mass is generally considered to contribute 
very little to the REE [23-281. On a LBM basis 
men and women received an equal dose. The possi- 
bility that the lean body mass may not always be a 
good basis for the assessment of REE should be 
recognized [lo]. Bray et al. [29] and Miller and 
Parsonage [39] have found that REE of obese 
people correlated better with BFM than with LBM. 
However, as can be seen from Table 2, the patient 
population of the present study was not obese. 
Judged from the BMI and serum values in both 
groups, it was not evident that the patients were 
malnourished pre-operatively. 

From the observed loss of body weight, especially 
of body fat, the energy dose administered to group 
A appeared to be insufficient. In contrast, an energy 
dose of 2.0 times REE given to the next 12 patients 
(group B) was adequate. The fact that in group A 
only 89% and in group B 95% of the planned dose 
was actually reached does not constitute sufficient 
explanation for the difference observed between 
groups A and B. The conclusion that the average 
postoperative energy requirement of these patients 
approaches 2.0 X rather than 1.5 X REE seems 
justified. It should be stressed here that in the 
literature various definitions of REE have been 
given. Our conclusions are based upon the method 
of calculating REE which we have chosen, as 

explained and argued above. Even if body weight 
instead of LBM would have been used for the 
calculation for each individual patient [8], the 
assessed REE would hardly differ on average. The 
observed energy requirement seems strikingly high 
as the surgery performed was of moderate extent 
and generally not followed by large complicating 
tissue damage from infection, necrosis etc. However, 
immediate pre-operative nutritional intake may 
have been suboptimal. The LBM as calculated from 
body weight and BFM did not significantly change. 
Nevertheless a significant decrease of serum albu- 
min and transferrin was observed in all patients, and 
the transferrin levels in group A were significantly 
lower than in group B. These findings suggest 
the possibility of a diminished protein synthesis/ 
breakdown ratio, becoming especially apparent 
after 1 week. Also, significant changes in muscle 
protein metabolism were observed. The urinary 
excretion of creatinine, generally regarded as rep- 
resentative of muscle mass, decreased in both 
groups, but only significantly in group A. The 
finding that serum creatinine did not change indi- 
cates that this decrease was not due to some drastic 
impairment of kidney function, but should be 
ascribed to a decreased muscle breakdown. Even 
more clearly, the excretion of 3_methylhistidine, 
which is largely a product of muscle catabolism 
[31, 321, fell to much lower levels, persisting until 
three weeks after’ surgery. The drop of the urinary 
3-methylhistidine:creatine ratio was most apparent 
in group B, in which the decrease of creatinine 
excretion was smaller compared to group A. Since 
it is unlikely that the impressive decreases of creatin- 
ine and especially of 3-methylhistidine excretion 
reflect a parallel decrease of muscle mass, the obser- 
vations rather suggest a diminished breakdown, 
possibly due to the physical insult of surgery and 
anaesthesia. The rough estimate of the average 
nitrogen balance, as shown in Table 3, was just 
positive in group A, but more clearly so in group B 
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patients. We realise that nitrogen losses via wound 
drains in the early postoperative period, via sputum, 
feces, skin, nails and hair could not be measured. 
Serum selenium concentrations remained constant. 
The observed decrease of serum zinc levels and the 
non-significant increase of urinary zinc excretion 
may be weakly related to the decrease of zinc- 
binding serum proteins like albumin and transfer- 
rin, but the precise reason remains largely unknown. 
The increase of the urinary zinc excretion to above- 
normal values seems to be even more abnormal 
when the simultaneous decrease of creatinine 
excretion is considered, as zinc excretion is generally 
related to creatinine excretion [33]. It is not clear 
why urinary phosphate excretion fell to an average 
of less than 50% of the &-value. 

From clinical observation and from the more 
specific data which were collected by questionnaire 
it appeared that Nutrison high energy was well 
tolerated. On all three measurement points a rela- 
tively high percentage of patients stated they had a 
complaint on the malaise scale or the psychological 
complaint scale, with no significant difference in 
incidence for the former and hardly any difference 
for the latter scale at the various time points. The 
mean scores on both scales were relatively low. 
It can thus be concluded that the incidence of 
complaints scored on these scales was similar before 
surgery and at 1 and 3 weeks after operation, 
and that the complaints seemed not very serious. 
However, the checklist used had not been applied 
to this very category of surgical patients before and 
may not be optimally suitable. On days +7 and 
+21 only a minority of patients scored positively 
on gastrointestinal complaints. Transient diarrhea 
occurred in only four out of the 20 patients. At least 
50% of the patients had a complaint related to 

thirst. The ‘high energy’ form offers the advantage 
of avoiding large volumes, but generally does not 
seem justified when daily doses of some 2000 kcal 
or less are required since the amount of fluid admin- 
istered may be insufficient. More than 50% also felt 
deprived of the act of eating. These findings are 
similar to the observations reported by Padilla 
and Grant [34]. Finally, the patients linked no 
importance to the white-coffee color of the formula 
diet. Apparently they considered it as a medicine 
rather than as a form of food. 

In conclusion, an energy dose of 2 X REE (as 
calculated on the basis of lean body mass) with a 
nitrogen:caloric ratio of 1: 190 was found to be 
sufficient to maintain a positive energy and nitrogen 
balance and to provide an adequate supply of 
micronutrients over 3 weeks postoperatively. For 
patients of average body composition, having a lean 
body mass of 65-70% of their body weight, the 
appropriate energy dose per day would amount to 
40 kcal per kg body weight. Although obviously 
tube feeding may be a necessary medical procedure, 
its psychosocial impact should be recognized, 
especially when nasogastric tube feeding has to be 
administered for prolonged period of time. 

Acknowledgements-The authors wish to thank Miss Lia van 
Wijk and Mr. J.M.G. Bonfrcr for their help with the data 
analysis. Dr. A.H. van Gennep and Dr. N.G.G.M. Abeling 
(Department of Clinical Chemistry, Emma Kinder Ziekenhuis, 
Amsterdam) for the amino acid analysis and transferrin assays 
and Dr. W.H.P. Schreurs (Institute CIVO-Toxicology and 
Nutrition TNO, Zeist) for the assays of vitamins, zinc and 
selenium. This investigation was made possible by the generous 
financial assistance from Nutricia Ltd., Zoetermeer, The Nether- 
lands. The expert help of Ms. M. de Jong who prepared the 
manuscript, is gratefully acknowledged. 

1. 

2. 

3. 

4. 

5. 
6. 

7. 

8. 

9. 

10. 

11. 

12. 

REFERENCES 
Freeman JB, Fairfull-Smith RJ. Current concepts of enteral feeding. Adv Surg 1983, 16, 
75-l 12. 
Rowlands BJ, Giddings AEB, Johnston AOB et al. Nitrogen-sparing effect of different 
feeding regimes in patients after operation. Br J Anaesfh 1977,49, 781-787. 
Shils M. Historical aspects of minerals and vitamins in parenteral nutrition. Fed Proc 1984, 
421, 1412-1416. 
National Research Council, Food and Nutrition Board. Recomnzended Dietary Allowances, 9th 
revised edn. Washington DC, National Academy Press, 1980. 
Hoffman FA. Micronutrient requirement of cancer patients. Cancer 1985,55, 295-300. 
Dempsey DT, Mullen JL. Macronutrient requirements in the malnourished cancer patient. 
Cancer 1985, 55, 290-294. 
Durnin JVGA, Womersley J. Body fat assessed from total body density and its estimation 
from skinfold thickness. Br J Nutri 1974, X2, 77-97. 
Nederlandse Voedingsmiddelentabel (Dutch Food Composition Table), 34th edn. The Hague, 
Voorlichtingsbureau voor de Voeding, 1981. 
Erurgy and Protein Requirements. WHO Technical Report Series No. 522, Geneva, WHO, 
1973. 
Durnin JVGA. Basal Metabolism. Joint FAO/WHO/UNO Consultation on Energy and Protein 
Requirements. Rome, WHO/FAO, 198 1. 
Tanner JM. In: Growth and Physique Studies in Human Biology. Weiner JS, Lourie JA, eds. 
IBP Handbook No. 9, 1969. 
Harmoinen A, Perko M, Jokela H et al. Immunoassay for transferrin using LKB 8600 



188 P.F. Bruning et al. 

Reaction Rate Analyzer. ScandJ Clin Lab Invest 1981, 41, 517-519. 
13. Smeets EHJ, Muller H, De Wael JA. NADH-dependent transketolase assay in erythrocyte 

hemolysates. Clin Chim Acta 1971, 33, 379-386. 
14. Tillotson J, Baker EM. An enzymatic measurement of the riboflavin status in man. Am J 

Clin Nutr 1972, 25, 425-431. 
15. Stanulovic M, Miletic D, Stock A. The diagnosis of pyridoxine deliciency based on the 

estimation of the erythrocytic aspartate aminotransferase and its stimulation in vitro with 
pyridoxal-5’-phosphate. Clin Chim Acta 1967, 17, 353-362. 

16. Roe JH, Kuether CA. The determination ofascorbic acid in whole blood and urine through 
the 2,4-dinitro-phenylhydrazine derivate of dehydro-ascorbic acid. J Biol Chem 1943, 14’7, 
399-407. 

17. Koh TS, Benson TH. Critical re-appraisal of fluorometric method for determination of 
selenium in biological materials. J Assoc Off Anal Chem 1983, 66, 918-926. 

18. Spackman DH, Stein WH, Moore S. Automatic recording apparatus for use in the 
chromatography of amino acids. Anal Chem 1958, 30, 1190-1206. 

19. Kobashi-Schoot AM, Hanewald GJFP, Van Dam FSAM et el. The assessment of malaise 
in cancer patients treated with radiotherapy. Cancer Nursing 1985, 8, 306-313. 

20. Padilla GV, Grant MM, Wong H et al. Subjective distresses of nasogastric tube feeding. J 
Parent Ent Nutr 1979, 3, 53-57. 

2 1. Snedecor W, Cochran WG. Statistical Methods, 6th edn. Ames, Iowa State University Press, 
1968. 

22. Rutten P, Blackburn GL, Flatt JP. Determination of optimal hyperalimentation infusion 
rate. J Surg Res 1975, 18, 477-483. 

23. Cunningham JJ. A re-analysis of the factors influencing basal metabolic rate in normal 
adults. Am J Clin Nutr 1980, 33, 2372-2374. 

24. Webb P. Energy expenditure and fat-free mass in men and women. Am J Clin Nutr 1981,, 
34, 1816-1826. 

25. Ravussin E, Burnand B, Schutz Y et al. Twenty-four hour energy expenditure and resting 
metabolic rate in normal adults. Am J Clin Nutr 1982, 35, 566-573. 

26. James WPT, Bailes J, Davies HL et al. Elevated metabolic rates in obesity. Lancet 1978, i, 
1122-1125. 

27. MacMillan MG, Reid CM, Shirling D et al. Body composition, resting oxygen consumption 
and urinary creatinine in Edinburgh students. Lancet 1965, i, 728-729. 

28. Passmore R. Caloric expenditure in man. Nutr Diet 1966, 8, 161-167. 
29. Bray G, Schwartz M, Rozin R et al. Relationship between oxygen consumption and body 

composition of obese patients. Metabolism 1970, 19, 418-442. 
30. Miller DS, Parsonage S. Resistance to slimming. Lancet 1975, i, 773-775. 
31. Young VR, Munro HN. N’-Methylhistidine (3-methylhistidine) and muscle protein turn- 

over: an overview. Fed Proc 1978, 37, 2291-2300. 
32. Burt ME, Stein P, Brennan MF. A controlled, randomized trial evaluating the effects of 

enteral and parenteral nutrition on protein metabolism in cancer-bearing man. J Surg Res 
1983, 34, 303-314. 

33. Kiilerich S, Christensen MS, Naestoft J et al. Determination of zinc in serum and urine by 
atomic absorption spectrophotometry: relationship beween serum levels ofzinc and proteins 
in 104 normal subjects. Clin Chim Acta 1980, 205, 231-239. 

34. Padilla GV, Grant MM. Psychosocial aspects of artificial feeding. Cancer 1985, 55, 
302-304. 


