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Fluids for Intravenous Infusion

British Medical Journal, 1969, 4, 670-671

Fluids are given intravenously when the need for replacement
of water or electrolytes is urgent or the fluid itself for example,

blood, plasma, or dextran-cannot be given by any other route.

Intravenous therapy can be considered under two headings:
firstly, the short-term replacement of salt and water in emer-

gencies where there has been deficient intake or excessive loss;
and, secondly, the longer-term problems of maintaining salt,
water, and nutritional balance in patients who must be main-
tained by drip for a period of several days or more.

The choice of an appropriate fluid for an infusion is some-

times obvious. If blood has been lost then it must be replaced,
and if none is available then either plasma or dextran are the
only satisfactory alternatives. If plasma is lost, as in patients
with extensive burns, either plasma, dextran, or blood will be
needed to re-expand the vascular compartment. However, in
many patients the type of fluid to be given is not so obvious,
and the choice to be made between the different strengths and
compositions available may seem bewildering. Common sense

and reliance on the homoeostatic mechanisms of the body are

a better guide than over-elaborate attempts to control the com-

position of the extracellular fluid with the aid of the drip
bottle.

If the patient is clinically dehydrated with thirst, a dry
tongue, lax skin, and concentrated urine, the prime need is for
the replacement of water, and the deficiency probably amounts

to several litres. If the deficiency is chiefly of water, the serum

sodium may be elevated to above 145 mEq/l. A high serum

sodium in a patient already treated by a drip may indicate
water deficiency, but it may have arisen owing to overtrans-
fusion with normal or hypertonic saline. Measurement of the
urinary sodium concentration is helpful in differentiating the
two situations, as the urinary sodium is likely to be low in
the former situation and high in the latter. In clinical practice
water deficiency is usually the result of excessive loss of fluid
from the gut or kidney, and the water will have been accom-
panied by sodium, potassium, chloride, or other ions. Persistent
vomiting causes a disproportionate loss of chloride, while diar-
rhoea causes a more severe loss of potassium than sodium.
Excessive loss through the kidneys, as in adrenal cortical
deficiency and the osmotic diuresis that accompanies heavy
glycosuria, usually leads to the loss of a fluid that approximates
to the composition of extracellular fluid.
Acid-base disturbances often accompany fluid loss. In a

severely ill patient with a low cardiac output the blood lactate
may be elevated, and in diabetic coma large quantities of keto-
acids are present in the blood. These abnormalities will often
correct themselves if the circulatory or metabolic conditions
can be controlled, but treatment of severe acidosis by infusion
of bicarbonate may be needed. In some cases of drug over-
dosage it may be desirable to alter the urinary pH to increase
the amount of ionized drug in the urine and facilitate its
excretion. Thus with the acidic drugs like barbiturates the
urine is alkalized by infusion of bicarbonate or lactate. It is
rarely necessary to correct alkalosis by intravenous infusion of
acids. It is possible to give either dilute ammonium chloride
or hydrochloric acid by infusion, but in most instances a saline
infusion is all that is necessary.

Normal Intake
A normal person on a mixed diet takes in about 160 mEq

sodium, 70 mEq potassium, and 2 litres of water each day.

Under conditions of deficiency normal kidneys can remove all
but a trace of sodium and potassium from the urine, but the
presence of renal disease and either deficiency or excess of
mineralocorticoids may prevent this regulatory mechanism
taking effect. Abnormal kidneys have a much more limited
concentrating power, and in renal disease the maximum
osmolality from the urine may be little greater than plasma.
Thus the kidneys cannot deal with an excessive load of ions
without losing water as well. Manl cannot survive on sea

water-something the over-enthusiastic infuser of saline solu-
tions should remember.
Water is distributed throughout the body, sodium is chiefly

in the 15 litres of extracellular fluid and plasma of a 70 kg.
man, and potassium is mainly in the body cells. Because of
the ease of measuring plasma concentrations of electrolytes it
is easy to forget the intracellular compartment, which cannot
be measured in routine clinical practice. Potassium deficiency
is a particular problem, especially when the loss is acute, and
the serum level is an unreliable guide. The patient with
chronic potassium loss who has a serum level of around 20
mEq/l. and is developing hypokalaemic paralysis may have a
deficit exceeding 1,000 mEq, and it is impractical and dangerous
to attempt to replace more than a fraction of this intravenously.

It is a safe rule to seek first to replace extracellular fluid
with normal saline so long as the serum sodium is normal. If
there is hypernatraemia, 5% dextrose or half-strength normal
saline is preferable. In children with hypernatraemia it may
be dangerous to begin with 5% dextrose, and to avoid a rapid
change in plasma osmolality it is better to begin with half-
strength normal saline. A similar recommendation applies to
hyperosmolar diabetic coma.

It is best to slightly under-replace fluid rather than over-
transfuse, particularly if the patient is elderly or has heart
disease. Once a deficiency of plasma and extracellular fluid
volume is made good, urine flow can be maintained by giving
three bottles of dextrose and one of saline at a rate of about
2 litres per day. If the patient is anuric fluid should be
restricted to 500 ml. daily after any deficit has been made good.
If the patient has a high fever or the climate is very hot more
fluid will be needed, possibly up to 5 or 6 litres per day. Fluid
and electrolyte balance problems in children require special
care, and expert advice should be sought if possible.

Choice of Fluid

Though there are many different solutions for intravenous
infusion available, most needs can be met by the use of saline
or dextrose solutions, with some added potassium when
necessary.

Water.-Water can be given intravenously as a 5 % solution
of dextrose. The dextrose is metabolized, but as one litre yields
only 400 calories the nutritional aspect is unimportant. The
osmolality of 5% dextrose is 277 m~mol./l., which is slightly
less than the plasma osmolality. So long as there is some
kidney function 5% dextrose is the safest fluid to give intra-
venously.
Sodium.-Normal saline is 09% w/v sodium chloride and

has 154 mEq of sodium and chloride per litre. Its osmolality
is 308 m.mol./l., and it contains approximately 20 mEq/l. of
sodium more than is found in extraellular fluid. This solution
is the most convenient to use in replacing deficiencies of extra-
cellular fluid volume.

Over-replacement with normal saline solution may lead to
both pulmonary and peripheral oedema. The situation can be
corrected by the use of a diuretic such as frusemide, but it is
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preferable to avoid it in the first place by taking care that the
volume of fluid used is not excessive.

Hypertonic Saline.-Excessive loss of sodium, as may occur
in some types of renal disease or in overtreatment with
diuretics, may lead to oliguria and uraemia, which is often
accompanied by hyponatraemia. If there are good grounds for
believing that there is gross sodium deficiency cautious intra-
venous infusion of 5 % sodium chloride may be helpful. As this
solution contains 850 mEq of sodium and chloride per litre it
should never be given in large amounts.

Potassium.-Intravenous administration of potassium is
dangerous. The 10 ml. ampoules of potassium chloride solu-
tion available in most hospital pharmacies contain 20 mEq
potassium and should never be given intravenously undiluted.
Sudden intravenous injection of this amount, for example,
through the side arm of a drip, will stop the heart. One
ampoule of this strong solution should be added to a 500 ml.
bottle of dextrose or saline or two ampoules to a litre bottle.
The diluted solution contains 40 mEq potassium per litre and
should not normally be infused at a rate exceeding 1 litre every
8-12 hours. However, there are situations, such as diabetic
ketosis where the blood sugar is falling or severe diarrhoea such
as may occur in a patient who has recently had a ileostomy,
where it may be necessary to give larger amounts. Such
infusions must be carefully supervised.

Half-strength Saline.-Half-strength normal saline contains
77 mEq/l. and has an osmolality half that of plasma. It is
convenient to use in situations where both salt and water are
needed, but the plasma is hypertonic and the patient may be
hypernatraemic. This solution is useful in the treatment of
diabetic coma.

Alkali.-One-sixth molar sodium lactate contains 167 mEq
sodium and lactate ion per litre. In normal circumstances the
lactate is metabolized and the cation remains. However, in
the presence of tissue anoxia the blood lactic acid is likely to
be elevated and the conversion of lactate to bicarbonate slowed.
Sodium bicarbonate is normally prepared in hospital pharma-

cies and the concentrations available vary. A 1 43% solution
contains 170 mEq/l. of sodium and bicarbonate ions. It is the
best fluid for the treatment of acidosis. Emergency trolleys
for treating cardiac arrest often include a 42 % or a 84%

solution of sodium bicarbonate. These solutions are very
hypertonic-their respective concentrations of sodium are 500
and 1,000 mEq/l. They should be used only in small quanti-
ties. In emergencies where such solutions may be used it is
important to assign to someone the responsibility of keeping
a record of all fluids and drugs administered.

Compound Solutions
There are infinite varieties of solutions containing different

mixtures of electrolytes which are recommended for special
situations. It is unnecessary to remember, most of them
because it is possible to manage equally well with the solutions
already described. However, three compound solutions are
commonly used on the ward and deserve some discussion.

One-fifth Normal Saline in Dextrose.-This solution con-
tains sodium chloride 0-18% (31 mEq/l.) and dextrose 4-3%.
The solution is isotonic and is used when it is intended to
deliver mainly water with sufficient sodium chloride to main-
tain a low normal intake in a volume of about 2-5 litres/day.
Sodium Lactate Co. (Hartman's Solution).-It contains:

Sodium ... ... ... ... 131 mEq/1.
Potassium . ... ... 5-4 mEq/1.
Calcium ... ... ... ... 3-6 mEq/1.
Chloride 111-5 mEq/1.
Lactate ... ... ... ... 29 mEq/1.

This solution has the approximate concentration of normal
extracellular fluid. It has the advantage of not giving an
excessive amount of sodium compared with 0-9% saline, but
there is not sufficient potassium, calcium, or lactate to be of
much use in patients who are in need of these ions. In most
circumstances normal saline will do equally well.

Darrow's Solution.-This solution contains:

Sodium ... ... ... ... 122 mEq/l.
Potassium ... ... ... ... 35 mEq/1.
Chloride ... ... 104 mEq/l.
Lactate ... ... ... ... ... 53 mEq/l.

Darrow's solution is designed for use when potassium
deficiency is a significant component. It is an acceptable
alternative to adding potassium chloride to either saline or
dextrose solution.

Approved Names
The second supplement to the January 1969 consolidated list of
Approved Names is printed below. Communications relating to
Approved Names should be addressed to the Secretary, British

Pharmacopoeia, Commission, General Medical Council, 44 Hallam
Street, London W.1,

Approved Name Other Name Action and Use Approved Name Other Names Action and Use

Alipamide .. N-(4-Chloro-3-sulphamoylbenzoyl)- - Diuretic Delmadinone 6-Chloro- 17a-hydroxypregna-1,4,6- Progestational
N'N'-dimethylhydrazine triene-3,20-dione steroid

CI-546 RS 1301 is the acetate
Ancrod An active principle obtained from the Anticoagulant Dothiepin 11-(3-Dimethylaminopropylidene)- Antidepressant

venom of the Malayan pit-viper 6H-dibenz[b,e]thiepin
Agkistrodon rhodostoma, acting Prothiaden
specifically on fibrinogen Metolazone 7-Chloro-1,2,3,4-tetrahydro-2-methyl- Diuretic

Arvin 4-oxo-3-o-tolyl-6-quinazoline-
Calcium Folinate Calcium N-(4-(2-amino-5-formyl- Antidote to folic acid sulphonamide

5,6,7,8-tetrhydro-4-hydroxypteri- antagonists Zaroxolyn
din-6-ylmethyl)aminobenzoyl]-L- Pipoxolan ..5,5-Dlphenyl-2-(2-piperidinoethyl)- Antispasmodic
glutamate 1,3-dioxolan-4-one

Leucovorin calcium Rowapraxin
Cannabinol .. 6,6,9-Trimethyl-3-pentylbenzo[c]- Puromycin .. 3-(2-Amino-p-methoxyhydrocinn- Antibiotic

chromen-l-ol amido)-3'-deoxy-NN-dimethyl-
Carbiphene .a.c-Ethoxy-N-methyl-N-[2-(N-methyl- Analgesic adenosine

phenethylamine)-ethyl]diphenyl- Pyrantel .. 1,4,5,6-Tetrahydro-l-methyl-2- Anthelmintic
acetamide [trans-2-(2-thienyl)vinyllpyrimidine
SQ 10629 and Jubalon are the Combantrin is the pamoate

hydrochloride 2Quingestanol .. 3-Cyclopentyloxy-19-nor-17a-pregna- Progestational
Carboxymethyl- SCarboxymethylcysteine Mucolytic agent 3,5-diene-20-yn-17-ol steroid
cystene Salmefamol .. 1-(4-Hydroxy-3-hydroxymethyl- Bronchodilator

Clonidine .. 2-(2,6-Dkchloroaniline)-2-imidazoline Hypotensive phenyl)-2-(4-methoxy-a-methyl-
Catapres phenethylamino)-ethanol

Colaspase . L-Asparagine amidohydrolase AlH 3923
obtained from cultures of Escheri- Taurolin .. 4,4'-Methylenedi(tetrahydro-1,2,4- Antibacterial
chia coli thiadiazine-l-dioxide)

A.T.G.C. 9637 1183
Crasnitin Tiletamine .. 2-Ethylamino-2-(2-thienyl)cyclo- Anticonvulsant,

Cytarabiue .. 1-j-D-Aab ifurosylcytosiae Antiviral hexanone anaesthetic
U-19,920A CI-634 is the hydrochloride

5 Carbiphene replaces Etymide as the Approved Name.
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