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Fluid, electrolytes and nutrition

Simon Allison

ABSTRACT – Nutrition and fluid and electrolyte
balance are inextricably linked through ingestion,
digestion, absorption and intermediary metabo-
lism. Studies are described showing that man’s
physiological capacity to excrete excess salt and
water is limited under normal conditions; it is fur-
ther reduced by starvation and injury, so that
patients are easily overloaded, resulting in
increased complications of illness and surgery.
Return of gastrointestinal function postopera-
tively is delayed by moderate saline overload.
Illness not only influences external fluid and elec-
trolyte balance but also internal balance between
the extracellular and intracellular spaces and
between the intravascular and extravascular com-
ponents of the extracellular space. The mecha-
nisms and management of these changes are dis-
cussed. The importance of fluid and electrolyte
balance in nutritional support is emphasised –
indeed, the benefits of nutrition may be negated
by electrolyte imbalance. The relationships
between serum albumin concentration, illness,
nutrition and fluid balance are discussed and the
limited role of albumin infusions described.
Surveys among doctors have revealed a poor
knowledge of fluid and electrolyte balance.
Measures are needed to improve training.
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Following emergence from the sea, organisms 
developed their own internal sea (milieu intérieur) 
in which their cells could bathe in an isosmotic 
environment of constant temperature and across
which nutrients and gases could pass to and fro
between the cell and the circulation. The chemical
stability of this internal environment depends, not
only on the ingestion of water and salt during feeding
and the physiological control of losses by the kidney,
skin and gut, but also upon metabolism and the
internal mechanisms which maintain equilibrium
between each of the body fluid compartments.
Terrestrial evolution has taken place in an environ-
ment with wide fluctuations in the availability of
water and a diet high in potassium but low in
sodium. Only recently has this situation been chal-
lenged by excess sodium chloride in the diet or in

crystalloid infusions used in hospital. Although,
therefore, our physiology is well adapted by evolu-
tionary pressures to manage lack or excess of water or
salt deficit, it copes poorly with salt excess in either
health or disease. We are also relatively intolerant of
deficit or excess of extracellular fluid (ECF) volume,
with as little as 10% deviation either way producing
significant symptoms and functional change.

Body fluid compartments in health and
disease

Fluid and electrolyte balance in the clinical setting
must be considered not only in terms of external
balance between the body and its environment but also
in terms of internal balance between the body fluid
compartments, since both may be deranged by disease.

Key Points

In clinical practice, account should be taken of external balance and of
internal fluxes and balances between body fluid compartments. Both
external and internal balances are inextricably linked to nutrition and
metabolism and are disturbed in disease

The capacity of healthy subjects to respond physiologically to water
excess or lack of water or salt has been developed through evolution.
Lack of exposure to salt excess may explain our relatively
underdeveloped capacity to respond to it. Salt excretion seems to
depend on the permissive effect of reduced secretion of renin,
angiotensin and aldosterone. Natriuretic peptide is responsive to
acute intravascular volume increase but not to an excess intravenous
saline load per se. ClG may be as important in this respect as Na+
excretion. Excess saline, with its high ratio of ClG to Na+ compared
with plasma, may cause hyperchloraemic acidosis which may
exacerbate protein catabolism

Retention of salt and water is exacerbated by starvation and response to
injury. Some interstitial salt and water load may be an inevitable
consequence of resuscitation from shock, but excess saline infusion
for daily maintenance of urine output should not be continued.
Provided that plasma and extracellular fluid volumes are normal, this
is best achieved by water or 5% dextrose, with only that amount of
sodium which replaces losses

Deviations of 2-3 litres in fluid balance from normal produce significant
symptoms as well as impairment of mental and physical function.
Saline excess impairs the return of gastrointestinal function after
surgery and increases complications

Knowledge and practice among many young clinicians is poor in the
fields of nutrition and of fluid and electrolyte balance; both need
improvement
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Extracellular fluid versus intracellular fluid: the metabolic
tide of the cell

Total body water is approximately 60% of body weight in an
average adult. In contrast to muscle which is 75% water, adipose
tissue is only 5% so water forms a lower proportion of the body
mass in obese subjects. The body water is divided into the intra-
cellular fluid (ICF) (40% of body weight) and the ECF (20% of
body weight), separated by the cell membrane whose sodium
pump ensures that the sodium concentration is less than
8 mmol/l in the ICF and 140 mmol/l in the ECF. The large mol-
ecules of protein and glycogen have negative charges which hold
potassium within the cell (150 mmol/l in contrast to 4–5 mmol/l
in the ECF).

This relationship breaks down during critical illness: protein
and glycogen are catabolised to amino acids and glucose, which
then leave the cell accompanied by potassium. At the same time,
sodium is pumped less efficiently and accumulates within the
cell (Table 1).1,2 With recovery from illness or starvation,
glycogen and protein anabolism is accompanied by cellular
uptake of potassium and phosphate whose extracellular concen-
trations fall. Glycogen formation also obliges the cellular uptake
of water.

There is therefore a metabolic tide which ebbs to and fro across
the cell membrane between the sea of ECF and the ICF, as
feeding alternates with fasting or the catabolic effects of illness
give way to the anabolism of recovery and convalescence. The use
of high-dose insulin, with glucose and potassium to reduce 
protein catabolism in burned and other catabolic patients, was
first described in the 1970s.3–5 In contrast to the sodium- and
water-retaining effects of carbohydrate in starvation6 and of
insulin in normal, obese and diabetic patients,7-9 in the salt-over-
loaded patient after injury4 or with heart failure10 high-dose
insulin induces a salt and water diuresis, possibly due to
enhancement by insulin and glucose of cellular sodium pumping
with reversal of the ‘sick cell syndrome’.

Plasma versus interstitial fluid

The ECF is itself separated by the capillary membrane into the
intravascular plasma and extravascular or interstitial fluid
bathing the cells. The integrity of the intravascular volume
depends on the:

• concentrations of plasma proteins (oncotic pressure)

• relative impermeability of the pores in the capillary
membrane to large molecules such as albumin, and

• hydrostatic pressure within the capillary in relation to that
outside it.

Even in normal subjects, however, there is a continuous flux
between the two compartments such that the intravascular
albumin leaks out of the circulation into the interstitial space at
a rate of 5% per hour and is returned to the circulation via the
lymphatic system. This represents the average of the whole body,
for the balance of Starling forces varies considerably between
different tissues. Although the pulmonary and hepatic microcir-
culations have a lower hydrostatic pressure, their permeability to
proteins is much greater than in other tissues such as muscle,11

so that transudate is more likely to develop in the splanchnic
and pulmonary tissues than elsewhere. There is also more
albumin in the interstitial than in the intravascular space (170 g
vs 140 g) and the flux between them is 10 times the rate of
albumin synthesis.12

Hypoalbuminaemia

The cytokine response to injury increases the permeability of the
capillary membrane to proteins, causing the typical swelling and
inflammation at the site of injury and a more generalised
increase in capillary permeability throughout the body.
Albumin is thereby redistributed from the intravascular to the
interstitial space, contributing to the fall in serum albumin con-
centration during illness. The albumin escape rate increases
from 5% to 14% per hour after uncomplicated major surgery,
returning to normal over 10 days.13 Albumin escape also corre-
lates positively with C-reactive protein levels (reflecting inflam-
mation) and inversely with the serum albumin concentration
(reflecting redistribution). Hypoalbuminaemia is also caused or
exacerbated by dilution from infused crystalloids.
Management of hypoalbuminaemia. The management of hypo-
albuminaemia14,15 is that of its underlying cause, that is:

• reducing inflammation

• preventing or reversing dilution

• treating liver disease and, in some cases,

• improving nutrition.16

There is little or no evidence of benefit from the use of albumin
to treat hypoalbuminaemia per se or in acute hypovolaemic 

Table 1. Changes in intracellular metabolites and electrolytes in critically ill patients,
obtained from muscle biopsies.2

Glycogen Sodium Potassium Total creatine
(µmol/100 µmol (µmol/100 µmol (µmol/100 µmol (µmol/g 

creatine) creatine) creatine) dry weight)

Patient:
median 164 201 274 94.6
range 78–407 125–507 175–485 43.3–121

Normal range 151–383 40–132 319–415 108–159
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or septic shock, except possibly in
meningococcal septicaemia in children
and subacute peritonitis in liver
disease.17

In the postacute phase, however,
some 7–10 days after the initial insult,
the situation may be different. At this
stage, patients may be oedematous
from excess fluid administration, as
well as hypoalbuminaemic due to pre-
vious albumin redistribution and
dilution, and to serous losses from
wounds or inflamed surfaces.
Management depends on the state of
the intravascular volume, whether
high, low or normal. If, on examina-
tion with the patient at 45o, the
jugular venous pressure is elevated,
the intravascular volume is probably
expanded and loop diuretics may be
appropriate. If, on the other hand, the
jugular vein is not even distended as
the patient is lowered to the horizontal position (or the mea-
sured central venous pressure is low) and other features suggest
hypovolaemia, such as tachycardia, hypotension and oliguria,
a low intravascular volume may be inferred. Albumin seems
justified in this postacute phase, for several reasons:

• it is illogical to use salt-containing crystalloids or colloids in
the presence of oedema

• oedema cannot be cleared in the presence of a low plasma
volume and renal plasma flow

• the transcapillary escape rate of albumin has usually
returned to normal by this time.

To correct plasma volume, restore sensitivity to diuretics and
induce a diuresis, it is usually sufficient to give two to four
100 ml units of 20% salt-poor albumin over 48 hours. Once
volume is corrected, it is rare for further infusions to be needed.
If, however, intravascular volume appears to be normal, with
good tissue perfusion and urine flow, the patient will probably
clear their excess fluid load without treatment, provided that 
no further salt-containing fluids are administered.

Flux through the gastrointestinal tract

The flux of water and salt through the kidney is well known,
with 180 litres of ECF being filtered and all but 1–2 litres and
50–100 mmol of sodium reabsorbed. Another important flux
occurs through the gut (Fig 1) with 8 litres of fluid, mainly
secretions, passing daily through the small bowel with a sodium
concentration of 110–120 mmol/l. By the time bowel contents
reach the ileocaecal valve, all but 1,500 ml have been absorbed
and all except 150 ml of the rest absorbed in the colon. This flux
is closely linked to nutrition, since salt and water absorption in
the jejunum is linked to carbohydrate digestion and absorption
(the basis for rehydration solutions) and that in the large bowel

to absorption of short-chain fatty acids derived from bacterial
fermentation of soluble fibre. Bowling18 has shown that enteral
feeding by duodenal tube excites salt and water secretion into
the lumen of the ascending colon but, if short-chain fatty acids
are infused simultaneously into the caecum, there is net colonic
absorption of salt and water.

In addition to having nutritional consequences, any break-
down in the integrity or absorptive function of the gastro-
intestinal (GI) tract can result in pooling or loss of large volumes
of ECF. A knowledge of the likely electrolyte concentration of
lost fluid (Table 2) is invaluable in guiding appropriate replace-
ment. In prescribing parenteral nutrition for such patients, it is
as important to consider the precise requirements for fluid and
electrolytes as those for energy, protein and micronutrients,
water balance being then monitored by daily weighing.
Assuming normal activity of the sodium pump and that the
change in water balance is known, sodium balance may be
inferred from the change in plasma sodium concentration.
Patients with a large fistula output and GI failure can be man-
aged indefinitely using these principles, without the necessity for
frequent measurement of the electrolyte content of fistula fluid.

Studies in normal subjects

To improve our understanding of the response to crystalloid
infusion in patients, we conducted a series of studies on the
effect of such infusions in normal subjects. In the first study,19

weekly comparisons were made of the effect of giving 2 litres of
5% dextrose or 0.9% saline over one hour, taking measurements
over the subsequent five hours. Both solutions caused weight
gain of 2 kg but, whereas the water from 5% dextrose was
excreted rapidly, 60% of the salt and water from the saline was
retained after six hours with persisting dilution of the haemat-
ocrit and albumin. This illustrates the efficiency with which a

Fig 1. Daily flux of fluid through the gastrointestinal tract.
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water load is excreted, in contrast to the slow clearance of saline
excess, even in healthy subjects.

Hormone responses to fluid infusion were then measured
using one-litre volumes given over one hour.20 Vasopressin and
renin angiotensin aldosterone secretion (RAAS) fell after both
saline and dextrose, although the fall in vasopressin was more
marked after dextrose and in RAAS after saline. Levels of natri-
uretic peptide (ANP) rose identically during infusion of either
solution, but returned to baseline when the infusion was com-
pleted despite the residual positive sodium balance after saline.
This suggests that ANP is sensitive to intravascular volume
rather than positive sodium balance per se, the clearance of
which seems to depend on the slow passive effect of reduced
RAAS activity.

Sodium ion may not be the only problem. So-called ‘normal’
or 0.9% saline is in fact quite unphysiological. The ratio of chlo-
ride ions (ClG) to sodium ions (Na+) in plasma is 1:1.38,

whereas in saline it is 1:1, resulting in a rise in plasma chloride
and even hyperchloraemic acidosis after saline infusions.21 This
causes not only an adverse effect on nitrogen balance, because of
the kidney’s need for glutamine to form ammonia to excrete
hydrogen ion, but also renal vasoconstriction and reduced
glomerular filtration rate.22

In the 1920s and 1930s, Ringer and Krebs tried to devise a
more physiological solution than saline (Ringer lactate). The
modern clinical version of this, Hartmann’s solution, has a more
physiological ratio of ClG to Na+ of 1:1.1, the anion gap being
substituted by lactate. The effects of one-litre infusions of 0.9%
saline and Hartmann’s solution were also compared.23 Despite
the lower sodium content of Hartmann’s, sodium and water
excretion over the four hours postinfusion was greater than after
0.9% saline, confirming that ClG may be an important factor in
delaying excretion of a salt load.

Effects of starvation and injury on water and
electrolyte balance

Starvation and injury not only affect the distribution of fluid
and electrolytes between the body fluid compartments but also
the external balance between the body and its environment.
Normal volunteers subjected to semistarvation for 24 weeks lost
23% of their body weight.24 ECF rose as a percentage of body
weight; this may give rise to famine or refeeding oedema,
depending upon salt and water intake.

The decreased salt tolerance of patients in response to trauma,
surgery or acute illness has been known since the beginning of
the 20th century. Following surgery, sodium, chloride and water
are retained and potassium lost. The terms ‘sodium retention’
phase and ‘sodium diuresis’ phase characterise, respectively, the

response first to injury and then to con-
valescence when the capacity to excrete
excess salt and water returns. Figure 2
illustrates the changes in sodium, potas-
sium and water excretion with decreased
sodium and water and increased potas-
sium excretion during the first few days
after a 20% burn injury4 despite large
infusions of salt-containing resuscitation
fluids. The excretion of potassium
reflects not only a response to mineralo-
corticoid but also its release from cells as
protein and glycogen are catabolised.
This was only a moderate injury so the
‘sodium retention’ phase was followed
by the ‘sodium diuresis’ phase after only
a few days. In the presence of more
severe injury or complications, sodium
diuresis is delayed so that there is
increasing cumulative balance (Fig 3)
and oedema if excessive amounts of salt
continue to be administered, with
adverse consequences (see below).

Free water clearance is also impaired
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Fig 2. Change in urinary and plasma electrolytes in the first week following a moderate
(20%) burn, showing the ‘sodium retention’ and ‘sodium diuresis’ phases of injury4

(p = plasma; u = urinary).
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Table 2. Electrolyte content of gastrointestinal fluids.

Na+ K+ ClG HCO3G
(mmol/l) (mmol/l) (mmol/l) (mmol/l)

Saliva 10 26 10 30

Gastric:
(8HClG) 20 10 120 0
(9HClG) 80 15 90 0

Jejunum 110 5 105 30

Distal ileum 88 8 45 30

Colon 60 30 40 0

Bile 145 5 100 35

Pancreas 140 5 75 115
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by surgery, as shown in a series of post-
operative patients receiving fluid in the
form of three litres per day of 0.18%
saline in 4% dextrose. Even five days
postoperatively, plasma osmolality was
still depressed with an inappropriately
high urine osmolality (Table 3).25

Excess administration of such hypo-
tonic fluids may therefore cause
dangerous hyponatraemia.

Clinical observations in
oedematous patients

The patients referred for nutritional
support were audited,26 divided into
those with chronic nutritional deple-
tion and those with complications of
trauma or surgery, nearly all of whom
were oedematous at the time of referral
(usually 5–14 days after initial injury).
In the latter group, the first task was to
restore fluid and electrolyte balance
and to clear oedema by stopping salt intake and using diuretics.
Among those with reduced plasma volume, 20% salt-poor
albumin was first infused as described above. The mean fall in
weight between referral and plateau 7–10 days later was 10 kg as
the oedema resolved. Serum albumin rose by 1 g/litre for every
1 kg of fluid lost, reflecting a reversal of the diluting effect of
crystalloid. Clearance of oedema also appeared to be associated
with a return of GI function, allowing nutritional support via
the oral or enteral rather than parenteral route. In some cases,
the price for adequate initial resuscitation and restoration of
intravascular volume in shock may be interstitial overload.
However, there is often a failure to distinguish between the
requirements for initial replacement and those for subsequent
maintenance, resulting in ever increasing overload and its com-
plications.27 Fluid balance can usually be maintained with
modest volumes of water or 5% dextrose, with less than
70 mmol of sodium daily to ensure an adequate urine output,
provided that the plasma and ECF volumes are normal, renal
perfusion is adequate and there are no abnormal losses.

Effects of salt and water overload on
gastrointestinal function

In 1937, Mecray et al 28 observed a delayed return of gastro-
enterostomy function postoperatively in two oedematous
hypoalbuminaemic patients. In dogs infused with saline after
removing plasma, gastric emptying was prolonged tenfold. We
studied this phenomenon in a model of patients undergoing
uncomplicated hemicolectomy for cancer,29 comparing two
intravenous regimens:

• 3 litres of water and at least 150 mmol of salt, and

• restriction to 2 litres of water and 70 mmol of salt daily.

The latter regimen maintained zero balance whereas the
former caused a 3 kg positive fluid balance and dilution of
haematocrit and serum albumin. On the fourth day postopera-
tively, the restricted group had normal gastric emptying and
were eating, whereas all those receiving the first regimen had
prolonged gastric emptying, three were still vomiting and none
was eating normally. There were fewer complications in the
restricted group, bowel function returned two days earlier and
they could be discharged three days earlier.

These studies emphasise the importance of accurate fluid and
electrolyte balance and the intolerance of patients to quite small
deviations from normal.

Knowledge and training

A survey of practice and knowledge of fluid and electrolytes
among 200 junior doctors30 and 700 consultant surgeons31

found that:

• intravenous fluid prescriptions are usually left to the most
junior member of the team

Table 3. Effects of hypotonic crystalloids (3 litres/day)
postoperatively showing the fall in plasma osmolality and
inability to dilute the urine and increase free water
clearance appropriately.25

Osmolality (mosmol/kg)
(days after operation)

Fluid 0 1 2 3 4 5

Plasma 282 279 273 273 270 270

Urine 579 696 610 358 489 611

Fig 3. Intensive care unit patient with crushed chest, given excess saline, showing
retention of sodium and large cumulative balance.
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• junior doctors’ confidence in their knowledge was shown to
be misplaced: for example, 75% did not know the sodium
content of 0.9% saline

• education and training at both undergraduate and post-
graduate level are poor and require improvement.
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