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Pocket computers: a new aid to nutritional support

C M COLLEY, A FLECK, J P HOWARD

Abstract

A program has been written to run on a pocket computer (Sharp
PC-1500) that can be used at the bedside to predict the
nutritional requirements of patients with a wide range of clinical
conditions. The predictions of the program showed good
correlation with measured values for energy and nitrogen
requirements. The program was used, with good results, in the
management of over 100 patients needing nutritional support.
The calculation of nutritional requirements for each patient

individually facilitates more appropriate treatment and may also
produce financial savings when compared with administration of
a standard feeding regimen to all patients.

Introduction

Excessive intake of energy in patients fed parenterally may
produce undesirable complications, such as hepatomegaly and
liver dysfunction' and hyperglycaemia leading to osmotic diuresis.'
In acutely ill patients an excess input of energy may result in
increased production of carbon dioxide and risk of respiratory
acidosis34 or obesity with concomitant disadvantages during early
mobilisation. Underfeeding of patients who are nutritionally
depleted is also undesirable. The daily intakes of food energy
recommended by the Department of Health and Social Security
are for healthy, active people5 and are therefore inappropriate for
sick patients in hospital. Moreover, they are given as averages and
make no attempt to distinguish between persons. Recent evidence
suggests that the energy requirements of acutely ill patients
are much less than previously proposed.67 An appropriate,
individually calculated amount of energy is therefore likely to be
beneficial to the patient and to produce a decrease in the cost of
feeding, as is an appropriate amount of nitrogen.
The objective of a clinical nutrition service must be to provide

the correct amount of nutrients to suit the changing condition of
the patient. The-ideal would be to measure the metabolic rates of
all the patients receiving nutritional support, but in most hospitals
this is impossible. The energy requirement of each patient
receiving nutritional support must therefore be estimated. To
facilitate this we have devised a computer program that runs on a
pocket computer, which calculates a patient's energy requirements
based on data from published reports. In addition, requirements of
nitrogen, water, sodium, and potassium are estimated. The
dimensions of the computer (Sharp PC-1500) when it is not
attached to the printer are 19 5x8 5x2 5 cm, and it can thus be
easily carried in a doctor's pocket to the patient's bedside, where
all the relevant data should be available.
Although a few computer programs are available that perform

similar calculations, these are generally written for large computers
that are not portable. A programmable calculator system for
estimating nutritional requirements has been reported previously.'
In this it was necessary to enter a "catabolic factor," which had to
be decided on by the user. Advancing technology has made it
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possible to contain a larger, more versatile program within a
smaller physical size of computer. In our program allowances for
disease and trauma are calculated by the computer. In addition,
the display can give messages to prompt the input of data without
the user's having to remember the correct order of entry of the
data. The program also checks for the entry of inappropriate data.
The computer may also be used for non-programmed cal-

culations in a manner similar to a pocket calculator. A further
version of the program has been written to run on the Sharp PC-
1251, which is smaller (13 5x70x0O9 cm) and cheaper.

Methods and subjects
COMPUTER AND COMPUTER PROGRAM

The program is written in BASIC on a Sharp PC-1500 pocket computer
(Sharp Electronics, UK) (fig 1). The use of this widely known computer
language means that modifications to the program may easily be made to
suit local requirements. The computer can be used alone, with the results
read from the liquid-crystal display, or attached to its printer to give
printed output. The program is retained in the memory even when the
computer is switched off.

FIG 1-Sharp PC-1500 microcomputer resting on optional printer and cassette
interface.

TABLE I-Modifications to basal metabolic rate used
in computer program according to state of patient

Modification (%)

Mobility:
On ventilator -15
Awake in bed +10
In chair +20
Up and about +30

Trauma:
<7 days after operation + 10
Single fracture + 10
Multiple fractures +25

Sepsis:
Mild +10
Moderate +20
Severe +40
Severe with respiratory failure +60

The initial variables to be entered are the patient's age, sex, weight, and
height. From these an estimated basal metabolic rate is calculated using the
data of Robertson and Reid9 and Dubois and Dubois.°" Modifications are
then made to this basal metabolic rate to allow for various factors including
fever (100/% increase in energy for each °C above 37°C) and the degree of
mobility of the patient, trauma, and sepsis (table I)." 12 The increase due to
burns is calculated from the percentage of the surface area affected and the
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temperature at which the patient is nursed. 2 When weight gain is required
an addition of 1-3 MJ (300 kcal)/day is made, to allow for a gain of 500-600
g lean body mass/week.'3 The final result is increased by 10% to allow for
the specific dynamic action of feeding.
The nitrogen requirement is calculated in proportion to the energy

requirement and depends on the degree of trauma. In patients who are
solely undernourished the ratio used is 1 g nitrogen/0-8 MJ (200 kcal) rising
with increasing trauma to 1 g nitrogen/0-4 MJ (100 kcal) in patients with
severe sepsis.14 The program includes the facility to calculate the
production of urea nitrogen in patients with renal failure, using serum urea
concentrations and body weights.'5
The program also calculates estimated requirements of water, sodium,

and potassium. Water requirement is taken as 1 ml/4 18 kJ (1 kcal) in
normal patients,'6 rising to 1-5 ml/4 18 kJ (1 kcal) in patients with severe
trauma or sepsis. To the resultant volume are added any losses from fistulas
and any other abnormal losses of fluid such as diarrhoea or vomiting.
Sodium requirement is taken to be 1 mmol(mEq)/kg body weight plus
losses from fistulas'6 and potassium as 6 mmol(mEq)/g nitrogen plus losses
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Results

Of the 66 patients, three (4 5%) had measured resting energy expendi-
tures below 4-18 MJ (1000 kcal)/day, 60 (91%) between 4-18 and 10-5 MJ
(1000 and 2500 kcal)/day, and three (4 5%) greater than 10-5 MJ
(2500 kcal)/day. The least squares regression line of measured resting
energy expenditure on predicted resting energy expenditure had a gradient
of 0 93 with a correlation coefficient of 0-83 (fig 2). The only patients found
to have resting energy expenditures greater than 10-5 MJ (2500 kcal)/day
were those with severe abdominal sepsis, such as necrotising pancreatitis,
and the highest value measured was 113 MJ (2700 kcal)/day. The
comparison made above took into account the effects of all factors except
mobility. It was not possible, using the available equipment, to measure
the energy expenditure of patients when mobile, but over 90% of the
patients were bedbound when studied. Table II shows predicted and
measured resting energy expenditures and recommended daily intakes for
seven patients.

TABLE ii-Comparison of predicted and measured resting energy expenditure with
recommended daily intake

Predicted Measured
Sex Recommended resting resting
and Weight Condition daily energy energy
age (kg) intake expenditure expenditure

(years) (MJ) (MJ) (MJ)

F 20 47-5 Hydatidiform mole 9 0 6 0 5 9
F 57 54 7 Carcinoma 7 9 6-2 6 5
F 60 55 8 Guillain-Barr6 syndrome 7 9 4 8 4-6
M 18 35-2 Cystic fibrosis 1055 S1 5-5
M 52 98 7 Abdominal sepsis 10 0 11 8 11i1
M 55 72 3 Low grade sepsis 10 0 8-0 8 0
M 56 69 0 Necrotising pancreatitis 10 0 11 0 11 3

Conversin: SI to tradntional unis-Energy: 1 MJ 239 kcal.

There was similarly good correlation between the predicted nitrogen
requirement and measured urinary nitrogen excretion, with a slope of 0 97
and a correlation coefficient of 0-96 (fig 3). Data from six patients were
excluded from the regression: the two data points above the regression line
were from patients receiving chemotherapy for tumours and the four below
the line were from patients with hepatorenal failure.

0 2 5 5-0 75 tO-O
Predicted resting energy expenditure ( MJ / 2lh )

FIG 2-Comparison of measured nitrogen excretion with predicted values. Solid line is
least squares regression line. Broken line is line of identity. Open circles (0) are data
points not included in regression.

from fistulas. The losses of sodium and potassium from fistulas are
calculated by multiplying the volume lost by the concentrations of sodium
and potassium in the various intestinal fluids."'

MEASUREMENT OF ENERGY EXPENDITURE AND NITROGEN EXCRETION

Resting expenditure of energy was measured by indirect calorimetry. At
this hospital we used an instrument constructed in the department of
respiratory medicine in the medical school. This comprised a Parkinson-
Cowan CD4 dry gas meter to measure inspired volume, a Taylor-Servomex
paramagnetic oxygen meter, and a Hartmann and Braun URAS 2 infrared
carbon dioxide meter to measure gas concentrations in the inspired and
expired air. Some measurements were provided by the Medical Research
Council, Trauma Unit, Hope Hospital, Salford; these were carried out
with a Beckman metabolic measurement cart.

Nitrogen excretion was measured on 1 ml aliquots of urine taken from
complete 24 hour urine collections using a Kjeltech semimicro Kjeldahl
apparatus (Tecator, Bristol). The mean of the values obtained for three
days after the computer estimate was taken.

SUBJECTS STUDIED

The energy expenditures of 66 patients and fit volunteers were
measured. The clinical condition of the patients ranged from un-

complicated malnutrition, through various degrees of trauma, to necrotis-
ing pancreatitis with respiratory and renal failure.
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FIG 3-Comparison of measurec. resting energy expenditures with
predicted values. Solid line is least squares regression Line. Broken line is
line of identity.

Conversion: SI to traditional units-Energy: I MJ = 239 kcal.

Figure 4 shows the weight chart of a woman aged 67 who had had a total
gastrectomy followed by abdominal sepsis. Towards the end of the period
of feeding oral intake was reintroduced as parenteral feeding was stopped.
Despite a protracted and complicated clinical course, with no food taken
orally for four months, her weight remained almost constant. Similar
results were obtained in other patients.
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9;+9+ + ; these patients, although the program predicted a similarly high
requirement, only 17 g/day could be given because of volume
restrictions. In addition, some patients with severe sepsis had high
nitrogen excretions corresponding to those predicted by the

- *wV.. * . * ;program in the absence of any nitrogen intake. The good
*'. -., - ,* >correspondence between predicted and measured excretions in

*__________________________________________ *these cases cannot be attributed to excretion of the amount
supplied but must reflect the accuracy of the predictions made by
the program.
No measurements were made of faecal or other nitrogen losses.

If these were added to the measured urinary losses the gradient of
the regression line would be further increased. It appears,
therefore, that the ratios of energy to nitrogen used in the program
may not predict sufficient nitrogen. This is despite the fact that

I I . . they are much lower than the ratio of 1 g nitrogen/I MJ (250 kcal)
Oct Nov Dec Jan Feb Mar used in the tables of recommended daily intakes' and also lower
chart of woman aged 67. Broken line shows energy requirement than in other published reports.'2 Further studies are required to
mputer program. Solid line shows energy supplied as total parenteral establish the appropriate ratios for groups of patients in hospital.

Patients with hepatorenal failure excreted less nitrogen in the urine
I to traditional units-Energy: 1 MJ-239 kcal. than predicted by the program. The routine to calculate the

production of urea nitrogen was added to the program in order to
assess nitrogen requirements for these patients and other patients
with impaired renal function.
The nitrogen excretions of patients with teratoma or leukaemia

the values calculated by the computer program are correlated well with the predictions of the program during periods
ta from published reports, we needed to evaluate the when no treatment was being administered. In some patients
ch the program used the data. This was done by receiving chemotherapy, however, nitrogen excretion increased
he values predicted by the computer for energy and noticeably-for example, from 12 to 25 g/day-and it was
uirements with the actual energy expenditures and necessary to determine requirements by monitoring the nitrogen
retions of the patients. balance as individual variation in response to chemotherapy made
ured resting energy requirement was on average 0 93 it difficult to produce a suitable computer prediction.
cted. This was true for people in all states, from those The program has proved extremely useful in the work of the
vose with severe sepsis. The calculation of basal energy clinical nutrition team at this hospital. Over 100 patients have been
may have been the common fault. Our results are maintained on parenteral or enteral nutrition with regimens based
ith the findings of Hill and Church,'8 who found that on the predictions of the computer program, and good results have
sting energy expenditures of patients before and after been obtained in all, without weight loss or with gradual weight
85-90% of those predicted, if the predicted value was gain as required. The program is used primarily to predict the
basal metabolic rate plus 10%. Little and Stoner have energy and nitrogen requirements of patients under the care of the
esting energy expenditure to be roughly 90% of that team. Losses of sodium, potassium, and water are greatly
t A Little, personal communication). Perhaps new influenced by input, so it is difficult to predict the requirements of
basal metabolic rate are now required. these. The predictions are therefore used as a starting point for
nts had an energy requirement over 10-5 MJ (2500 treatment and are modified in the light of the patient's clinical
lough the group studied did not include any patients condition, serum electrolyte concentrations, and balance data for
who may well have much higher energy expendi- water, electrolytes, and nitrogen. It seems unlikely that it will be

s is in contrast with previously published work possible to improve the predictions of water and electrolyte
requirement of 16 7-25 0 MJ (4000-6000 kcal)/day for requirements because of the wide degree of variation between
patients receiving parenteral nutrition"' but in subjects.

rith more recent studies.67 Savings have been made in the cost of parenteral feeding as a
results shown in table II it can be seen that the result of the provision of regimens calculated for each patient. In
d daily intakes of energy' are inappropriate for the case of the patient whose details are shown in figure 4, £800
vospital. The predictions of the program, having been was saved over four months compared with the estimated cost of a
)r each patient, were much closer than the recom- "standard" regimen giving 12-6 MJ (3000 kcal) and 14 g nitrogen
y intake to the measured resting energy expenditures. daily,2' with energy provided two thirds as carbohydrate and one
Le predictions of the program were on average 7% third as lipid.
measured values, it is unlikely that this small excess The use of a pocket computer has made possible individual and
usly compromise the condition of the patient. In appropriate prescription of nutritional regimens for patients
ch person is different, and the predictions of the requiring intensive nutritional support by alleviating many
only be a best estimate. This was seen in the variation problems previously associated with this. There is no need to carry
gression line in figure 2. The only way to be sure of a large sheaves of tables on ward rounds, and errors of calculation
rgy expenditure is to measure it. are obviated. The calculations can be performed and the patient's
it was not possible to measure energy expenditure in feeding regimen decided on during the nutrition ward round or at
ibjects, many of the patients under the care of the any other convenient time and place. In addition, much time is
ition team were bedbound, and in these the measured saved in calculation, which helps to lighten the workload of the
d energy expenditure provided a good estimate of clinicians and dietitians. The program may also be used in
iergy requirement. To allow for physical activity the circumstances in which nutritional knowledge is limited. It is part
Ley et allI were used without verification. of a series of programs, including dietary assessment programs
excretion in normal people increases with increasing and the prescribing of enteral feeds, that will be published in
ake. The patients were, in most cases, given the the near future. The development of software for small, cheap
nitrogen prescribed by the program, which could computers represents a major advance in intensive nutritional
the correspondence between predicted and measured support.
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We thank Sharp Electronics (UK) Ltd for the loan of the PC-1500
computer and Cow and Gate Ltd for the PC-1251. Also Professor A Guz
and the department of medicine, Charing Cross Hospital Medical School,
for the use of their equipment for measuring metabolic rates and Miss
Janice Cam for performing many of the measurements. Several measure-
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Research Council trauma unit, University of Manchester, and Hope
Hospital, Salford, for which we thank Professor H B Stoner and Dr R A
Little. Finally, we thank the other members of the clinical nutrition team
at Charing Cross Hospital for their continuing support.

The programme may be obtained from CMC on cassette for the Sharp
PC-1500 or on microcassette for the PC-1251 for a modest handling charge.
A program listing is also available. A version will shortly be available to run
on the BBC microcomputer.
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For Debate

Rubella: immunity and vaccination in schoolgirls
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Abstract

Of 191 schoolgirls, 128 volunteered to take part in a feasibility
study of serotesting before and after rubella vaccination, and ali
responded to RA 27/3 vaccine. Had the serum samples been
taken by a fingerprick method the number of volunteers would
probably have increased considerably. A change in policy for
rubella vaccination to testing both before and after vaccination
would cost no more than the existing policy, would ensure
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primary response, and would differentiate those women who
were protected by the vaccine from those with antibody to wild
virus.

Introduction
The purpose of the rubella vaccination programme in schools is to
ensure that all women are immune to rubella before they reach
childbearing age. Some recent studies have failed to show an
appreciable reduction in the numbers of susceptible women in the
reproductive age group.3 As two fifths of the babies damaged by
rubella are firstborn children4 it is too late to establish the immune
state of the mother at the first antenatal visit. We therefore
conducted this study to determine the feasibility of a rubella
vaccination programme based on the assessment of the immune
state of schoolgirls, follow up vaccination, and checks of the
immune state of those vaccinated.

Subjects and methods
Two schools in north west Glasgow were chosen for the study, the

protocol of which was approved by the local ethical committee. The study
sample consisted of 191 girls aged 11-13 who were due to be vaccinated in
1983. Written informed consent was obtained from the parents of the 128
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