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Use of plasma volume substitutes and plasma in
developing countries*

P. LUNDSGAARD-HANSEN,1 J. A. COLLINS,2 A. S. DAVID-WEST,3 C. G. LOPEZ,
Z. S. HANTCHEF,5 F. LOTHE,6 & E. VON STEFFENS7

Plasma and plasma substitutes are used in the treatment of various conditions
such as haemorrhage and shock. This article examines the role of crystalloids,
artificial colloids, human plasma, human albumin, and plasma protein fraction, in
the treatment ofsuch patients, with particular reference to peripheral health facilities
in developing countries.

It is concluded that 0.9% saline, together with 5-6% dextrose, is ofparticular
importance in this situation since it is easy to produce locally, is stable at high
temperatures, and has a low cost/benefit ratio. The second priority is to ensure the
availability of a limited quantity of one or more colloid plasma substitutes. In the
field ofplasma, freshfrozen orfresh liquidplasma is most usefulfor the treatment of
various haemostatic derangements andfollow-up treatment ofsevere burns, since it
contains the widest spectrum of therapeutically useful components and can be
produced locally with an acceptable degree of difficulty.

The treatment ofsevere diarrhoea with special alkaline electrolyte solutions and
oral rehydration solutions is also outlined.

Plasma or plasma substitutes are used in the treatment of various patients, such as those
who have sustained serious injury or burns, those undergoing elective or emergency
surgery, those with obstetrical and other haemorrhage, and those with diarrhoea not
responding to oral rehydration.
The majority of patients needing these agents also require additional therapeutic

measures, notably anaesthesia, surgery, blood transfusion, and post-injury care. The use
of intravenous fluids must therefore be examined within the framework of the overall
potential of health care systems, and in particular in relation to the development and policy
of the blood transfusion services.
Plasma volume substitutes include:

(1) simple electrolyte solutions or crystalloids;
(2) non-human or artificial macromolecular colloids such as dextran, hydroxyethyl

starch, and gelatin solutions;
(3) human plasma, albumin, and plasma protein fraction.

Oxygen-carrying blood substitutes like fluorocarbons (perfluorochemicals) and stroma-
free haemoglobin solutions are still in an experimental stage and cannot yet be rec-
ommended for routine clinical use.
* A French translation of this article will appear in a later issue of the Bulletin.
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This article reviews the use of plasma substitutes and plasma within the framework of a
developing health care system. The use of whole blood or red cell preparations will not be
discussed here and will be mentioned only where it is required to supplement the plasma
substitutes. Although intravenous fluid therapy has been given prominence, the great
usefulness of oral rehydration should not be overlooked.

CRYSTALLOIDS AND ARTIFICIAL COLLOIDS

This group includes the simple electrolyte solutions or crystalloids, and the colloids
of non-human origin such as the dextrans, hydroxyethyl starch, and gelatin solutions.

Basic indications and limitations

The basic indications for use are a loss of circulating blood or plasma volume, as
exemplified by haemorrhage, burns, and in diarrhoea with dehydration where oral
rehydration has proved impossible or has been inadequate. The limitations are dictated by
the critical levels of those constituents of blood or plasma that cannot be replaced by a
substitute, in particular the red cells and the plasma proteins.

In life-threatening emergencies, cell-free plasma substitutes can be used as a temporary
replacement for blood losses of up to 50Oo of the patient's blood volume, but red cells are
needed for definitive treatment. When blood is available, transfusion should be envisaged
if the losses exceed 20-30% of the blood volume. If an individual has a pre-existing
anaemia, the extent to which haemorrhage can be treated without red cells is proportionally
reduced.

Pure or almost pure plasma volume loss associated, for instance, with burns, extensive
soft tissue infections, and acute abdominal conditions such as perforated peptic ulcer,
pancreatitis, and peritonitis can, if necessary, be treated with plasma substitutes only. For
the treatment of burns, current opinion favours the concept that, during the first 24 hours,
electrolyte solutions or crystalloids are adequate in most situations, whereas human plasma
proteins should be added subsequently. There is evidence, however, that if the latter are not
available, burns shock can be treated with plasma substitutes alone.
Although there is no general agreement on the lower safe limit to which the concen-

tration of proteins in the plasma may be allowed to drop, it is considered advisable to keep
it above 50 g/l or to bring it back to that level in patients facing a major stress.

Crystalloids

Because of their small molecular size, crystalloid solutions pass the capillary walls freely
and diffuse rapidly into the interstitial fluid space causing tissue oedema. Usually, only
one-third of the infused volume is retained in the plasma space. With very extensive losses
of blood or plasma, the retained fraction may be even smaller, but the ratio of three
volumes of crystalloid to replace one volume of blood or plasma is a clinically useful guide-
line. In a 70-kg patient, a 30-5007o blood volume loss equals 1700-2500 ml and the crystal-
loid volume required to replace this would therefore be 5-8 litres.

In severe diarrhoea, the loss of fluid and electrolytes affects both the intravascular and
the extravascular space; crystalloid solutions are the agents of choice for the
replacement of such losses.

The administered salt and fluid load is partly excreted in the urine. The duration of the
volume effect of crystalloid solutions is therefore dependent upon the rate of urinary

8



FLUID THERAPY IN DEVELOPING COUNTRIES

output. As a consequence, a patient who has been successfully resuscitated with crystalloid
solutions may require additional treatment within a few hours. The maintenance of the
blood pressure is the most generally applicable single indicator of the adequacy of
treatment.
The current difference of opinion with respect to preference for crystalloids or colloids

centres on the clinical relevance of interstitial oedema. The evidence remains inconclusive,
but it is largely agreed that a transient interstitial oedema is acceptable, except possibly in
high-risk patients, e.g., those with severe anaemia or cardiopulmonary dysfunction. Even
when large volumes of crystalloid solutions are used for resuscitation, they seldom produce
pulmonary oedema in the absence of heart failure. However, prolonged fluid retention is
undesirable.

Colloids

A colloid solution provides intravascular volume because it contains macromolecules
whose size restricts their passsage through the capillary walls and the renal glomeruli. For
that reason, it exerts a colloid osmotic or oncotic pressure which retains water, i.e.,
volume, within the circulation.
The oncotic effect of such solutions depends on three factors: (1) the number of macro-

molecules; (2) the size, or weight, of the macromolecules (larger molecules leave the circu-
lation more slowly); and (3) the concentration of the colloid, which is usually expressed in
g/dl (O/o). For a given concentration, the number of oncotically active molecules is inversely
related to their size or weight.

It is of practical importance to note a fundamental difference between the plasma
proteins synthesized by the body and the non-human or artificial colloids. Human serum
albumin, which has a relative molecular mass (RMM) of 66 000 and accounts for two-
thirds of the normal serum oncotic pressure of 26-28 mmHg, is a monodisperse colloid,
i.e., all albumin molecules have exactly the same size and weight. By contrast, all commer-
cially available colloid plasma substitutes are polydisperse, i.e., they contain a mixture of
various molecular fractions with substantially different sizes and weights. These prep-
arations must therefore be characterized by an average molecular mass. There are two such
averages-the number average, M., and the weight average, Mw (for a monodisperse
colloid, M. = Mw).
The number average, M., reflects the distribution of the numbers of molecules in the

various fractions of such mixtures and is therefore a valid measure of their oncotic effects.
The weight average, M,, is calculated by multiplying the number of molecules in each
fraction by their mass and dividing by the total number of molecules. The result is that the
higher molecular fractions influence this average out of proportion to their number. For all
artificial colloids, M., which is the relevant parameter, is therefore smaller than Mw, which
is commonly included in the generic name and featured on the product label.
Data on the colloidal plasma substitutes currently marketed are summarized in Table 1.

It can be seen that the dextrans and hydroxyethyl starch are true plasma expanders, i.e., the
increase in intravascular volume exceeds the infused volume because fluid is withdrawn
from the extravascular space, which then becomes dehydrated. By contrast, the gelatins are
plasma substitutes, in the sense that the initial increase in intravascular volume is roughly
equal to the infused volume. Dextran 40 is the strongest expander because it contains a high
concentration of relatively small molecules, which are active initially and give an
intermediate duration of the effect. The gelatins have no expanding effect because their
molecular concentration is lower and some of their smaller molecules escape quite rapidly
from the circulation. It should also be noted that the only artificial colloid with an M. that
is comparable to the relative molecular mass of albumin (66 000) is hydroxyethyl starch
450. The right-hand column of Table 1 shows the relationship between average RMM and
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Table 1. Data on currently marketed colloidal plasma substitutes

Initial volume Intravascular
Generic Commercial effect (% of half-life
name concentration infused volume) (hours)

1%)

Dextran 40 10.0 40 000 27 000 185 4-6
Dextran 70 6.0 70 000 35 000 150 6-8

Hydroxyethyl 6.0 450 000 70 000 133 8
starch 450

Gelatins 3.5-5.6 35 000 23 000-25 000 90-100 3-5

duration of intravascular volume effect. The smaller molecules -notably those of dextran
40 and the gelatins-pass more rapidly into the extravascular space and through the
kidneys into the urine. They may therefore act as an osmotic diuretic, and 1-2 litres of
supplementary crystalloid solutions should be given in addition to the daily metabolic
requirement. Alternatively, the urine output should be measured and any excess fluid loss
replaced, preferably orally.

General side-effects of plasma substitutes

A potential adverse effect of the infusion of plasma substitutes is circulatory overload
with acute left ventricular failure and pulmonary oedema, especially in patients with severe
anaemia. With the crystalloids, the only other risks are accidental contamination with
pyrogens or other trace compounds, e.g., in lactate used to produce balanced salt
solutions, and contamination due to poor packaging and handling of solutions.

In contrast, the non-human or artificial colloid plasma substitutes carry the inherent risk
of anaphylactoid reactions varying from a harmless cutaneous rash to lethal shock. The
severe reactions usually occur during the infusion of the first few millilitres of the solution.
The patient should be watched accordingly, and the infusion stopped immediately if signs
of an incompatibility reaction appear. Most clinicians consider that such reactions are
more frequent in patients who are not manifestly shocked. Medical personnel should be
materially and mentally prepared to deal with the occasional incident. The overall
frequency is about 1 in 1500 units, and approximately 1 in 10 000 for the life-threatening
reactions. Altogther, however, the risks are no greater than those associated with blood
transfusion. When the side-effects are weighed against the benefits that are obtained, the
clinical use of colloid plasma substitutes appears fully justified.
With the exception of dextran 40, the colloid plasma substitutes may cause some red cell

aggregation, but this is not a significant problem with the products currently available,
particularly if a blood sample is obtained for cross-matching prior to the infusion.

Specific side-effects associated with certain colloid substitutes will be considered later.

Specific preparations

Crystalloids
Apart from 5-607o isotonic dextrose solution, which is used, not as a volume substitute,

but to provide 1500-2000 ml of osmotically free or "metabolic" water per 24 hours, the
crystalloids comprise the isotonic, or physiological, 0.9% saline solution and a variety of
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other solutions, such as Ringer's lactate (or
acetate), the "half-strength" 0.45 No
sodium chloride +2.5% dextrose solution,
"half-strength" Darrow's in 2.5% dex-
trose, and the diarrhoea treatment solution.
Table 2 summarizes the differential indi-
cations for the use of these preparations.

If these crystalloids are not available for
intravenous administration, patients with
mechanical or thermal injury of the extrem-
ities may be given fluid and electrolytes by
mouth to support their blood or plasma
volume. It is important to initiate such
treatment with the least possible delay,
because established shock impairs the intes-
tinal absorption of salt and water. A suit-
able preparation for this purpose is the
WHO oral rehydration salt solution pack-

Table 2. Indications for the use of crystalloid
solutions

Blood or
plasma Metabolic

Preparation loss Diarrhoea water

5-6% dextrose - - +

0.9% saline + (+)

Ringer's lactate + +

Half-strength
saline/dextrose - + +
(0.45%/2.5%)

Half-strength
Darrow's in - +
2.5% dextrose

Diarrhoea
treatment - +
solution

age, which contains 3.5 g of sodium chloride (table salt), 2.5 g of sodium bicarbonate
(baking soda), 1.5 g of potassium chloride, and 20.0 g of glucose, to be dissolved in one
litre of potable water.a For local preparation of this solution it is convenient to use spoons
that are known to measure out approximately these quantities of the substances.

Colloids

The colloids, which are used to replace losses of blood or plasma, comprise the dextrans,
the gelatins, and hydroxyethyl starch. The dextrans and hydroxyethyl starch are
polysaccharides, whereas the gelatins are derived from collagen.

(a) Dextran 40 (low RMM dextran)

Effects. Because of its high concentration and comparatively low average RMM,
dextran 40 is the most potent plasma expander, but because of more rapid renal excretion,
its effect is of a shorter duration than those of hydroxyethyl starch and dextran 70. The
expanding properties of low RMM dextran are necessarily associated with interstitial
dehydration in patients not given crystalloids simultaneously.

Side-effects. In line with its strong expander effects, dextran 40 carries the highest risk of
acute circulatory overload. This is particularly so if volume replacement is associated with
anaemia. Because of the relatively rapid urinary excretion of a large quantity of colloid,
renal tubular obstruction has often been observed in dehydrated patients.

Haemostatic derangements as a result of inhibition of platelet function may occur at
higher dosage levels. Anaphylactoid reactions have been recorded.

It is generally accepted that the dose of dextran 40 should not exceed 500 ml in 24 hours
in the average adult patient.

(b) Dextran 70 (clinical dextran)

Effects. Because of its strong and comparatively long-lasting effects, dextran 70 has been
widely used as a reliable volume substitute.

Side-effects. The expander properties of dextran 70, though less marked than those of

WHO Chronicle, 31: 87-93 (1977).
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dextran 40, are associated with a significant risk of acute circulatory overload in anaemic
subjects. At least in temperate climates, renal tubular obstruction does not appear to
occur.

Dextran 70 interferes with the function of platelets and factor VIII. The infusion of
500 ml of dextran 70 per 24 hours has been shown to offer significant protection against
postoperative thromboembolic complications. However, these antithrombotic properties
can cause abnormal bleeding if more than 1000-1500 ml are given to an average adult
within 24 hours. This quantity should therefore not be exceeded, and the use of dextran is
contraindicated with pre-existing haemostatic abnormalities. Anaphylactoid reactions
appear to occur more frequently with dextran 70 than with dextran 40, and fatalities have
been recorded in elderly patients.

(c) Hydroxyethyl starch 450 (HES)

Effects. Because of its more recent introduction, there have been few controlled clinical
trials of this colloidal plasma substitute. Its expander effects are more modest than those of
dextran 70, but its intravascular half-life appears to be somewhat longer.

Side-effects. HES interferes to some extent with haemostatic mechanisms, though less so
than dextran. So far, it has not been used as an antithrombotic agent. The tolerated dose
appears to be approximately 3000-4000 ml per 24 hours. Renal function does not seem to
be affected by HES, but severe anaphylactoid reactions have been observed.
At present, there is some concern about prolonged tissue storage of the high molecular

fractions and its possible effects. Some of the material is still demonstrable in the circu-
lation six weeks after a single infusion of HES 450, and repeated administration has a
cumulative effect.

(d) Gelatins

Effects. Because of their relatively low average RMM and low concentration, the
gelatins are the least potent of the colloidal plasma substitutes. Extensive experimental
studies and clinical experience have shown, however, that their volume effects are satis-
factory.

Side-effects. Among the colloids, the gelatins carry the smallest risk of acute circulatory
overload. They have no adverse effects on renal function and show no clinically relevant
interference with haemostasis in volumes up to 10 000-15 000 ml within 24 hours as a part
of massive transfusions. Experimental and clinical evidence shows that even severe
thrombocytopenia is not a contraindication to their use, but they have no antithrombotic
effects. The only quantitative limit to their use is the decrease in the patient's haemoglobin
or haematocrit level. Anaphylactoid reactions have been observed; in the largest controlled
clinical series, there was one fatal incident in about 120 000 transfusions of 500-ml
units.

Comments

Review of the properties of the crystalloid and colloid plasma substitutes reveals a prin-
ciple whose importance must be judged relative to the conditions in the individual country:
the potency of these agents is inversely related to the therapeutic safety margin. The crystal-
loids combine the smallest and shortest intravascular volume effect with the greatest
margin of safety, whereas the reverse holds for the genuine plasma expanders.

Accordingly, the risks involved in their emergency use by paramedical personnel at a
peripheral level must be weighed against the effect of unavoidable delays in definitive
treatment. In this context, the dosage limits of some artificial colloids, because of their
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interference with haemostasis, are particularly worrisome for the treatment of bleeding
patients in a setting where blood may not be immediately available. These risks are not
associated with oral rehydration which could be started immediately.

PLASMA, ALBUMIN, AND PLASMA PROTEIN FRACTION

Plasma

Basic indications and limitations

Plasma may seem to be an attractive proposition as a volume replacement agent for two
reasons. Firstly, a satisfactory and protracted volume effect might be anticipated because
of its high RMM. Secondly, depending on the method by which it is processed, it provides
several labile or stable natural proteins that cannot be supplied by crystalloids or artificial
colloids. It may be readily available, at least in central blood transfusion centres under-
taking component therapy.
The general use of plasma for volume replacement has, however, several disadvantages:
(1) For reasons never fully elucidated, it has not been as effective as expected in the treat-

ment of hypovolaemia in experimental and clinical studies;
(2) It may transmit disease, especially hepatitis;
(3) It requires ABO-typing or, at least, screening for haemolytic antibody;
(4) If a relatively expensive, closed system, such as a double pack, which minimizes the

risks of contamination is not available, plasma must either be used within a few hours or
stored by relatively complex procedures;

(5) Fresh frozen plasma takes time to thaw and requires a water-bath at a particular
temperature. Furthermore, it has to be used within a certain time of thawing.

Nevertheless, there are some special indications for the use of plasma:
1. Fresh frozen plasma (FFP) provides labile coagulation factors for the treatment of

certain bleeding disorders. There is evidence that its beneficial effects on multifactorial
haemostatic derangements such as the dilution syndrome accompanying massive trans-
fusion of stored blood, as well as disseminated intravascular coagulation, are due to its
containing both coagulation factors and inhibitors of the coagulation mechanism. FFP
may be used in single-factor bleeding disorders, if enriched, specific fractions are not
available.

2. Plasma can provide stable plasma proteins such as albumin and immunoglobulins if
specific fractions are not available, e.g., in the follow-up treatment of severe burns.

Plasma can be separated from the cellular components of blood by centrifugation or
simple sedimentation. With the latter procedure, at least 8-10 hours are needed to give a
sufficient yield of plasma. Centrifugation, therefore, remains the method of choice in
order to obtain plasma that is as fresh as possible. In principle, the plasma can be stored in
one of three states: liquid, dried or lyophilized, and frozen. Pooling should be avoided
owing to the increased risk of hepatitis transmission. All forms of single donor plasma
carry the same risk of transmitting hepatitis as does a unit of blood.

Liquid (aged) plasma

Liquid plasma can be obtained up to 5 days after the expiration of the parent blood unit.
A prolonged preseparation storage period increases its potassium and ammonium ion
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content and, sometimes, the free haemoglobin. Generally, it has no labile coagulation
factor activity. Because of these disadvantages, plasma separated from outdated blood is
best avoided for direct infusion.

Dried or lyophilized plasma

Dried plasma is now generally regarded as obsolete. Unlike fresh frozen plasma it has
little coagulation factor activity. If pooled, it carries a very high risk of transmitting
hepatitis. The reconstitution of the dried powder is rather difficult and, in inexperienced
hands, often leads to a loss of material. Lyophilization requires complex equipment and
skilled personnel. However, in a few developing countries it is used fairly extensively, as the
source material is readily available.

Fresh frozen plasma

Where facilities are available, plasma should be separated from the blood cells within 6
hours of the donation and either used immediately or frozen and stored at -20 °C or
below. At this temperature, fresh frozen plasma retains a therapeutically useful
coagulation factor activity for about 6 months. When required, FFP should be thawed in a
water bath at 30-37 °C and used immediately.
FFP should be ABO-compatible with the recipient, but the Rh groups need not be

considered and a crossmatch is unnecessary. In emergencies, group AB fresh frozen plasma
may be used as universal donor plasma.

4-507o albumin and plasma protein fraction

Albumin and plasma protein fraction (PPF) both provide primarily albumin, which has
the desired oncotic or volume functions and, depending on the patient's disease, has a
nearly physiological half-life of approximately 18 days after administration. These prepar-
ations do not contain any coagulation factors. A major advantage is that they can be
pasteurized to kill the hepatitis virus. If stored at refrigerator temperatures, the materials
are useful for several years. If stored at ambient temperatures, albumin solutions should
not be used after three years, and in hot climates their useful life may be even shorter.
Albumin has a higher amount of the desired material than does PPF, is more thermally
stable, and produces fewer adverse reactions, but is more expensive to produce. Both
require complex manufacturing techniques with rigid quality control. Their general use,
therefore, as plasma volume substitutes in developing countries would probably, in the
medium term, be very limited.

Side-effects of plasma and plasma protein fraction

Although none of these products is a plasma expander in the sense that the intravascular
volume effects exceed the infused volume, they are all capable of causing circulatory over-
load with left ventricular failure and pulmonary oedema, especially in anaemic subjects.
This danger is particularly acute when FFP is used to treat haemostatic breakdown in
massively transfused patients, because 3-4 units (600-800 ml) should be given within 60
minutes (at the most) to obtain the desired effect. Such patients must therefore be watched
carefully for signs of circulatory overload.

Hypotensive incidents due to vasoactive kinin/kininogen have recently been reported
during rapid infusion of plasma protein fraction. For this reason, this product is now not
widely marketed in developed countries. Mild anaphylactoid reactions to plasma are
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occasionally observed. Incompatibilities with albumin are extremely rare, and are
definitely less frequent than with the colloid plasma substitutes. Apart from the reactions
to PPF, these risks in no way contraindicate the clinical use of human plasma and its
derivatives.

Comments

With a view to the use of human plasma proteins, each developing country should
concentrate its efforts on implementing basic blood component therapy in at least one
centre. Apart from producing fresh frozen plasma, such a system would yield red cell
concentrates (RCC) with 70%7 haematocrit. This component can be used to supplement the
emergency treatment of haemorrhage by plasma substitutes and is superior to whole blood
for the treatment of normovolaemic anaemia, which is common in developing countries.
RCC and FFP should be prepared as near the periphery as facilities permit and ideally
should be available to physicians working in the first-line hospitals.

PRACTICAL GUIDELINES

The treatment of hypovolaemia is not as simple as is sometimes thought and can be quite
complicated and subtle. In the absence of personnel with advanced training, the following
guidelines may be used for initial treatment.

Blood loss

Prompt control of external haemorrhage is the most important step to be taken.
Oral treatment with rehydration salt solution is valuable and may be started

immediately, provided there is no suspicion of a gastrointestinal lesion.
- An intravenous infusion should be started if the pulse rate exceeds 100 per minute

and/or the systolic blood pressure is less than 90 mmHg (12.0 kPa). If intravenous fluids
are not available, oral treatment must be relied upon until the patient can be transferred to
a higher treatment facility.
- Depending on the blood loss, initial pulse, blood pressure, and the patient's

response, treatment should begin with 1000-2000 ml of crystalloids (0.9%o saline or
Ringer's lactate), given intravenously within 15-30 minutes, or until the pulse is less than
100 per minute and systolic blood pressure 90-100 mmHg (12.0-13.3 kPa). The
urinary output should reach at least 30 ml per hour. The infusion should be continued
and the rate adapted to maintain these levels.b
- If circulatory stability is not achieved after infusion of 2000 ml of crystalloids, it is

preferable to continue with 500-1000 ml of a colloid plasma substitute or plasma. If
colloids are not available, proceed with crystalloids up to 7000-8000 ml over 24 hours.
- For patients who can take only parenteral fluids, metabolic requirements must also be

met. Depending upon climatic conditions, this could amount to one or more litres of 5-6%o
dextrose in water per 24 hours for an adult.
- Patients whose circulation cannot be stabilized with 2000 ml of crystalloids (or

proportionally less in children) should be transferred as soon as possible to a treatment

bThe containers should be clearly marked in divisions of 100 ml, so that volume rate calculations can easily be made, e.g.,
1000 ml in 15 minutes= 200 ml in 3 minutes.
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centre where blood is available and internal haemorrhage can be controlled.
- If internal haemorrhage is suspected, the systolic blood pressure should be kept below

90 mmHg (12.0 kPa) in order to minimize reactivation of bleeding. Such patients must be
rapidly transferred to a facility where definitive treatment can be given.
- It is important in all cases that records be kept of the clinical condition and treatment

given and that they accompany the patient when transferred to another treatment
facility.

Plasma loss

Burns

Plasma loss and the need for replacement therapy in burns is generally proportional to
the extent of body surface involved. The extent of a burn as a percentage of the body
surface area should therefore always be estimated initially. There are two practical ways of
doing this:

(1) surface of one hand= lo; estimate the number of "hands" that will cover the
burned area;

(2) "rule of nines":
head and neck = 90o
one upper extremity = 90/o
one lower extremity = 2 x 9 = 18%
anterior trunk= 2 x 9 = 18%
posterior trunk = 2 x 9 = 1 807o
perineal area = 1%.

Rehydration is essential and can be carried out orally and intravenously. Oral treatment
with rehydration salt solution should be started immediately, and is usually adequate in
burns of less than 20% of the body surface.

If the burn covers more than 200Vo of the body surface, intravenous infusion should be
started without delay. During the first 24 hours a crystalloid solution (0.907o saline or
Ringer's lactate) should be used. If intravenous fluids are not available, oral treatment
must be relied upon until the patient can be transferred to an appropriate treatment
facility.
The following formula may be used to plan an "infusion budget":
- adults: 2 ml/kg of body weight for each 1%o of surface area burned, plus 2000 ml of

607o dextrose solution for metabolic needs.
- children: 3 ml/kg of body weight for each 1%o of surface area burned; 6%o dextrose in

proportion to body weight.
- 50%o of the estimated 24-hour total to be administered within the first 8 hours, and

25%o each during the second and third 8-hour period.

A similar total volume should be aimed at when oral rehydration therapy is used alone
and when both oral and intravenous fluids are given. Thirst should always be satisfied.

These guidelines yield an initial estimate only. The actual rate of infusion or oral replace-
ment should be adapted to maintain the pulse rate below 120 per minute, the systolic blood
pressure above 90 mmHg (12.0 kPa), and the urinary output above 30 ml per hour in
adults.
Most patients with burns of less than 100Vo of the body surface area will not require

special fluid therapy.
Infants, elderly patients, and those with burns exceeding 20% of body surface or in
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special areas, e.g., hands, face, neck, perineum, and circumferential burns, should be
transferred to an appropriate treatment facility. Deep and third degree burns will need
surgical attention.

During the second 24 hours after burning, a basic infusion budget might be:

60o dextrose as required to cover metabolic needs and evaporative water loss,
assuring a urinary output of 40-50 ml per hour in adults.
- fresh frozen plasma 0.3-0.5 ml/kg of body weight for each 1 0o of surface area

burned (0.3 ml with 30-5007o burn, 0.5 ml with over 5007o burn).
- while further administration of salt-containing fluids should be avoided unless there

is substantial seepage of fluid from burned areas ("open" or into dressings), this may be
necessary if plasma is not available. Exclusive treatment with crystalloids seems to give a
good overall chance of survival.

Other causes ofplasma loss

Plasma losses associated with various types of "acute abdomen", such as perforated
peptic ulcer, pancreatitis, and peritonitis, as well as extensive soft tissue infections, can be
treated initially with crystalloids and colloid plasma substitutes along the lines suggested
above for haemorrhage, and with the same criteria to assess the adequacy of fluid therapy.
The transfer of such patients to a facility capable of providing definitive treatment is
urgent. Other causes of plasma loss, such as plasma-losing enteropathies and erythema
multiforme, require protein replacement (albumin, PPF, or plasma).

Overall extracellular fluid and electrolyte loss in diarrhoea

In cases of diarrhoea with moderate to severe dehydration, when oral rehydration has
not proved possible or has been inadequate, intravenous infusion of a crystalloid solution
is indicated. It should be noted that patients with dehydration associated with diarrhoea
generally have a deficit of sodium, potassium, and water and also a base-deficit acidosis.

In view of the acidosis and the loss of potassium, intravenous fluids such as Ringer's
lactate solution, half-strength Darrow's solution in dextrose, or diarrhoea treatment
solution,C which contain potassium and base ion as lactate or acetate, d are better than
saline. However, when these more complex solutions are not available, isotonic saline may
be used. Bicarbonate may be given at the rate of 10 mmol/kg of body weight per day in the
infusion fluid. Similarly, potassium may be supplied as potassium chloride, 3 mmol/kg of
body weight per day. Half the estimated dose of NaHCO3 may be given immediately. If
signs of acidosis persist after one hour of treatment, the remaining half of the dose should
be given. Such supplementary treatment, however, is difficult as it requires additional
calculations and monitoring.
The aims of rehydration therapy are:
- to prevent or reverse a clinical state of shock by expanding and maintaining the intra-

vascular fluid volume;
- to restore the loss of extracellular fluid volume, sodium, and potassium and to correct

acid-base status;
- to restore and maintain caloric requirements and continue to replace normal and

abnormal fluid losses.

c Ingredients for preparation of one litre of solution: sodium chloride, 4 g; potassium chloride, I g; sodium acetate, 6.5 g;
glucose, 10 g. The solution must meet purity and sterility requirements of fluids for injection.

d Lactate and acetate are normally metabolized to bicarbonate. It should be kept in mind that, in states of severe shock, the
ability of the circulation to deliver these substances to the site of metabolism may be markedly curtailed.
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A serial assessment of the clinical state of
the patient must be recorded. This should
include the general condition, level of
consciousness, body weight, blood press-
ure, state of peripheral circulation (radial
pulse, warmth of extremities), skin elasti-
city, state of the anterior fontanelle and
mucous membranes, urinary output, and
number and approximate volume of stools
and vomit.

Guidelines for treatment are given in
Table 3.
The progress of the rehydration therapy

should be assessed after 1 hour and then
every 1-2 hours. In particular, attention
should be given to:
- the number and volume of stools

passed;
- the extent of vomiting;
- the presence of, and changes in, the

signs of dehydration;
- whether the rehydration fluid is being

given successfully and in adequate
amounts.

Table 3. Guidelines for the management of severe
dehydration a

Volume of
fluid (per kg

Age Type of of body Time of
group fluid weight) administration

Infants Intravenous 30 ml Within 1 hour
Ringer's
lactate b

followed by:

Intravenous 40 ml Within next
Ringer's 2 hours
lactate b

followed (if
necessary) by:

Oral 40 ml Within next
rehydration 3 hours
salt
solution

Older Intravenous 1 10 ml Within 4
children Ringer's hours; initially
and lactate as fast as
adults possible

until radial
pulse is
palpable

a This table and Table 4 have been taken from a Manual
for the treatment of acute diarrhoea (WHO unpublished
document, WHO/CDD/SER/80.2, 1980), where further
t1pt:ilc m".- ha fn_no rA:tin :nnm ktnh-nx

If, during the initial 3-hour period indi- and use of oral rehydration.
cated in Table 3, the calculated volume has b If Ringer's lactate is not available, half-strength
been given and signs of dehydration are still Darrow's solution (using 1.5 times the volume stated) orisotonic saline, in the same volumes as Ringer's lactate,
present, but there has been some improve- may be used.
ment, intravenous rehydration therapy
should be continued at the same rate for as
long as is necessary.

If the signs of dehydration have become worse or remain unchanged in the initial 3-hour
period, the rate of administration and the volume of fluid given may need to be increased.

Oral maintenance therapy should be started after the initial fluid and electrolyte deficits
have been corrected, i.e., when the signs of dehydration have gone. If severe diarrhoea
persists with recurrence of signs of dehydration, intravenous therapy should be resumed or
continued. It may be combined with oral therapy.

Suitable guidelines for such treatment are given in Table 4.
Thirst is usually an adequate guide to fluid needs, particularly in older children and

adults, who may be told to drink as much as they want. Fluid intake over and above the
volumes indicated in Table 4 should in general be taken as other drinks, including plain
water. In the case of breast-fed infants, breast-feeding should be allowed as often as the
infant desires in addition to the required volume of oral rehydration salt solution. Non-
breast-fed infants should similarly be given supplements of the fluids normally consumed,
except that milk should be diluted with an equal volume of clean plain water until the diar-
rhoea stops.
When fever is present, an additional 10Oe of maintenance requirements should be given

for every degree rise in body temperature.
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Table 4. Guidelines for maintenance therapy of diarrhoea

Severity of diarrhoea Kind of fluid Administration Amount of fluid

Mild diarrhoea (not more than Oral rehydration salt By mouth; 100 ml/kg of body weight
one stool every 2 h or longer, (ORS) solution at home per day until diarrhoea stops.
or less than 5 ml of stool per In infants, as an alternative,
kg of body weight per hour) mothers may be advised to

give 10 ml/kg of body weight
after each diarrhoea stool.

Oral rehydration salt By mouth; Replace stool losses, volume
Severe diarrhoea (more than (ORS) solution at treatment for volume; if not measure-
one stool every 2 h, or more facility able, give 10-1 5 ml/kg of
than 5 ml of stool per kg of body weight per hour.
body weight per hour)

Severe diarrhoea with
recurrence of signs of Treat as for severe dehydration (see Table 3)
dehydration

PRODUCTION, STORAGE STABILITY, AND COST/BENEFIT RATIO

This section is confined to a comparison of the crystalloid and colloid plasma substi-
tutes. The problems pertaining to plasma and its derivatives have already been dealt with.

Production

Most of the crystalloids can be produced in any facility capable of preparing sterile
fluids. The production of lactate-containing solutions is more complex. This is particularly
true if local preparation of lactate from lactic acid and sodium hydroxide is envisaged.
Ready-made lactate may be purchased, but is more expensive.
As to artificial colloids, the reproducible production of good quality dextrans, hydroxy-

ethyl starch, or gelatins (including lyophilized powders) is a sophisticated industrial process
which the developing countries could not accomplish without some form of burden on their
foreign exchange.

Storage stability

Solutions of 5-6% dextrose, 0.9% saline, and Ringer's lactate are stable for up to one
year or more, even if stored at ambient temperatures. Dextrose solutions may acquire a
yellowish tinge (caramelization), but this is clinically insignificant.
Among the colloids, the dextrans and the gelatins are very sensitive to temperatures

exceeding 20-30 'C. A degradation into smaller molecules begins after one month of
storage at 40-60 'C, and is very marked (approximately 30-60% decrease in the average
RMM) after 5-6 months. In clinical terms, this would shorten their intravascular volume
effect and accelerate their renal elimination.

In contrast, hydroxyethyl starch 450 shows no such degradation after 6 months of
storage at 40-60 'C (A. Gardi, personal communication).

In hot climates, colloidal plasma substitutes should not, as a general rule, be stored at
ambient temperatures for periods exceeding one month, and preferably should be stored at
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temperatures below 20 'C. If stored at refrigerator temperatures, they should be warmed
prior to use to avoid hypothermia in the recipient.

Cost/benefit ratio

An assessment of the cost/benefit ratio should be based on the rule of thumb that 500 ml
of a colloidal plasma substitute is therapeutically equivalent to 1500-2000 ml of a crystal-
loid, i.e., the benefit of these volumes is identical. On this basis, the cost ratio of colloids to
crystalloids in developed countries is approximately 2:1 to 3:1. In developing countries,
this ratio will vary according to local circumstances, in particular whether crystalloids are
produced locally or not.

AVAILABILITY, SUPPLY, AND TRANSPORTATION

Plasma substitutes in sufficient quantity should be made available to the most peripheral
treatment facility that has staff trained in their administration. In view of the fact that the
crystalloids have a greater margin of safety, as well as greater stability in storage, it is
suggested that they be given priority in the most peripheral treatment area (including
mobile clinics), whereas the artificial colloids would be available in the first-line hospital.
National health authorities should make the specific decisions according to local
conditions. It is not recommended that plasma be distributed beyond the level of the first-
line hospital.
The supply and transportation system should be organized according to the circum-

stances of the individual country. Important factors include the population density,
geographical distances and obstacles, and the communications network. In some coun-
tries, one central store and perhaps a production plant, or a few regional centres for
distributing the solutions to peripheral institutions might be suitable. With such a system,
good contacts between consumers and producers are essential to ensure an adequate and
regular flow of supplies. Given these prerequisites, a centralized system may be more
efficient under normal conditions, but it is also more likely to fail in the event of natural
disasters or civil unrest.

TRAINING OF PERSONNEL

Personnel who will use plasma substitutes in the absence of a physician should be trained
in at least the following areas:
- prompt control of external bleeding;
- recognition of the clinical signs of hypovolaemia (impending and manifest shock);
- measurement of the pulse rate and the systolic blood pressure, initially and as a

follow-up, together with record-keeping;
- preparation and starting of an intravenous infusion;
- dosage recommendations (or consultation of a prepared leaflet);
- keeping of records indicating the type, quantity, and timing of fluids infused;
- measurement and recording of urinary output, and time of voiding;
- recognition of signs of circulatory overload;
- recognition of the need for a patient to be transferred to a higher treatment

facility;

20



FLUID THERAPY IN DEVELOPING COUNTRIES

- organization of transportation to the higher treatment facility;
- recognition of signs of contamination of intravenous fluids.

Ideally, this training should be included in the general curriculum of paramedical health
personnel. The details would be decided upon by the national health authorities.

CONCLUSIONS

In the field of plasma substitutes, first priority should be given to 0.907o saline together
with 5-6%o dextrose, because:
- it is effective when administered in sufficient quantities;
- its only side-effect -interstitial oedema -is of secondary importance and constitutes

a safety valve against circulatory overload in anaemic subjects;
- it can be produced locally with little difficulty;
- it is stable when stored at high ambient temperatures;
- it has the lowest cost/benefit ratio.

An additional advantage of this and other crystalloids is that they can also be used to
treat overall extracellular electrolyte and fluid loss in patients with severe diarrhoea.

In the field of plasma, first priority should be accorded to fresh plasma in the liquid and
frozen state, within the framework of a basic blood component programme, because:
- it contains the largest spectrum of therapeutically useful constituents;
- it can be produced locally with an acceptable degree of difficulty;
- it carries a low risk of bacterial contamination if prepared correctly.

The second priority is to ensure the availability of a limited quantity of one or more
colloidal plasma substitutes. In the developed countries, two decades of research and
debate have failed to produce a generally accepted preference for a particular product, for
the simple reason that the dextrans, the gelatins, and hydroxyethyl starch all have specific
advantages and disadvantages, which are summarized in Table 5. Those reponsible for this

Table 5. Advantages and disadvantages of the various colloidal plasma substitutes

Degradation
Maximum after 1-6

Intravascular Ana- 24-h dose months
volume Circulatory phylactoid RES for a 70-kg storage at
effect overload Potential side-effects reactions storage adult (ml) 40-60 OC

Initial Duration Renal Abnormal
effect damage bleeding a

Dextran40 + + + + + + ++++ + + + 1+1 500 +

Dextran 70 + + + +++ + ++ + + + 1+1 1000-1500 +

Hydroxyethyl + + ++++ ++ ? + + 3000-4000bstarch 450
Gelatins + + + - - + 1+1 15 000h +

a Antithrombotic properties.
bTogether with blood or red cell concentrates.
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area in the developing countries must balance the arguments for and against the various
products in the light of specific conditions.
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