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This series aims to help junior doctors in their daily tasks. To suggest
a topic, please email us at practice@bmj.com.

Intravenous fluid management is a common medical task, and
safe unambiguous fluid prescribing is a required training
outcome for junior doctors.' Despite this, errors in intravenous
fluid management are common and have been attributed to
inadequate training and knowledge.> Poor fluid management
can result in serious morbidity, such as pulmonary oedema and
dangerous hyponatraemia as a result of excessive fluids and
acute kidney injury as a result of under resuscitation.”?

How best to do it

There is a lack of high quality evidence, such as that from
randomised controlled trials, to guide intravenous fluid
management.* Safe intravenous fluid prescribing requires the
integration of relevant clinical skills, such as the assessment of
fluid balance, with an understanding of fluid physiology under
normal and pathological conditions and the properties of
commonly available intravenous fluids.

Normal fluid balance

Water constitutes about 60% of the total body weight in men
and 55% in women (women have a slightly higher fat content).
Although water is non-uniformly distributed throughout the
body, it can be conceptualised as occupying the intracellular
and extracellular fluid compartments (fig 1//). Extracellular fluid
mainly comprises plasma and interstitial fluid, which are
separated by the capillary membrane.

Water movement between the plasma and
interstitial spaces

The capillary endothelium is lined by the glycocalyx, a network
of proteoglycans and glycoproteins separating the plasma from
the subglycocalyx space. Fluid movement across the capillary
is determined by the transendothelial pressure difference and

the colloid osmotic pressure difference between the plasma and
the subglycocalyx space. As a result, most fluid that is filtered
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from the plasma through non-fenestrated capillaries returns to
the circulation through the interstitial lymphatics as lymph.’

Water movement between the interstitial and
intracellular spaces

This is mainly determined by osmotic forces. Water balance is
regulated by the antidiuretic hormone-thirst feedback
mechanism, which is influenced by osmoreceptors and
baroreceptors.

Fluid balance in disease and injury

Normal fluid and electrolyte balance (table 1//) can be radically
altered by disease and injury, owing to non-specific metabolic
responses to stress, inflammation, malnutrition, medical
treatment, and organ dysfunction. For instance:

* Stress response: during the catabolic phase of this response
potassium is lost, sodium and water are retained, and
oliguria ensues. After surgery it is therefore important to
differentiate oliguria caused by the stress response
(harmless) from that caused by acute kidney injury.

Inflammatory conditions (for example, sepsis or after
trauma or surgery) and other medical conditions (such as
diabetes, hyperglycaemia, and hypervolaemia): these
degrade the endothelial glycocalyx and reduce its barrier
function. Thus infused colloids may leak from the
intravascular space into the interstitial fluid compartment
reducing their volume expanding effect and contributing
to interstitial oedema.’

Malnutrition: this can lead to sodium and water overload
and depletion of potassium, phosphate, calcium, and
magnesium. In malnourished patients intravenous glucose
may precipitate pulmonary oedema and cardiac arrhythmia
(refeeding syndrome).’

Drug treatment: many drugs can disturb fluid and
electrolyte balance; common examples include loop
diuretics (hypovolaemia and hypokalaemia), corticosteroids
and non-steroidal anti-inflammatory drugs (fluid retention).
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The bottom line

Fluid balance can usually be determined by history (intake, losses, current illness, and treatment) and examination (skin, neurological,
cardiorespiratory, and abdominal) supported by tests (urea and electrolytes, creatinine, lactate, and haematocrit)

The prescription of intravenous fluids can be made simpler by junior doctors routinely considering the 5Rs: Resuscitation, Routine

maintenance, Redistribution, Replacement, and Reassessment

Senior clinical review and occasionally invasive haemodynamic monitoring may be needed for patients with complex fluid balance
problems, such as those secondary to renal, liver, and cardiac impairment

¢ Organ dysfunction: in heart failure and cirrhosis
neurohumoral adaptations lead to an expanded extracellular
fluid compartment, peripheral oedema, ascites, and
vulnerability to circulatory overload with intravenous
fluids. Neurosurgery or traumatic brain injury may injure
the hypothalamus and pituitary gland, leading to diabetes
insipidus, the syndrome of inappropriate antidiuretic
hormone secretion (STADH), or cerebral salt wasting.
Organ failure can make fluid prescribing more challenging.
Thorough clinical assessment, focusing on the detection
of hypovolaemia, and senior clinical review will be needed.

Table 1 describes the daily fluid balance for a 70 kg man under
normal conditions and box 1 lists normal maintenance
requirements.

Clinical assessment of fluid balance

The patient’s fluid status can usually be determined by a
comprehensive history and examination supported by laboratory
testing. Key history, some of which may need to be obtained
from relatives or carers, includes estimates of fluid intake
(enteral and parenteral routes) and losses (such as blood, urine,
gastrointestinal, and insensible). Also consider the effects of
the presenting illness, comorbidity, and medical treatment on
fluid balance. Focus clinical examination on the skin and on
neurological, cardiorespiratory, and abdominal systems, as
outlined in box 2. The specificity and sensitivity of symptoms
and signs indicative of volume status are improved if considered
together rather than individually (box 2).

Fluid status can sometimes be difficult to
ascertain even with careful assessment

For instance, hypovolaemia is possible in patients with heart
failure who have been over-treated with diuretics. Moreover,
hypovolaemia can coexist with oedema or ascites—for example,
after acute haemorrhage in a patient with cirrhosis or during the
recovery phase of acute illnesses, such as pancreatitis and sepsis.
Such patients will require senior review or even invasive
haemodynamic monitoring in the intensive care unit to assess
their fluid responsiveness before fluid is given.” In more
straightforward cases, improved tachycardia and increased blood
pressure after a fluid bolus (500 mL of crystalloid given over
15 minutes) provides additional evidence of the presence of
hypovolaemia, although these patients still need senior review.

Review of input-output charts and trends in
daily weights

This can help determine fluid balance, but polyuria does not
always exclude hypovolaemia (for example, with diuretic
therapy or diabetic ketoacidosis), and oliguria may be a
physiological response to surgery (case scenario 1).*

Laboratory tests

Increases in urea, creatinine, lactate, haematocrit, and
haemoglobin (in the absence of blood loss) can occur with
dehydration but are not diagnostic.

Serum sodium

Both hypernatraemia and hyponatraemia can occur with
hypovolaemia, and tracking down the cause of hyponatraemia
requires measurement of urinary osmolality and sodium
concentration.” In hypovolaemic hyponatraemia (for example,
secondary to diarrhoea and vomiting), the expected findings
would be a low (<30 mmol/L) urinary sodium and urinary
osmolality greater than 100 mOsm/kg. Urinary osmolality and
urinary sodium are unreliable in the presence of renal failure,
after diuretics, or after the administration of intravenous fluid.

Properties of common intravenous fluids

Intravenous fluids can be classified as colloids or crystalloids.

Colloids

Colloids are large molecular weight substances typically
dissolved in crystalloid solutions such as isotonic saline. They
can be classified into two major groups, the semisynthetics
(hydroxyethyl starches, gelatins, and dextrans) and plasma
derivatives (such as albumin) (table 2})." Colloids do not easily
cross the capillary membrane, and this theoretical intravascular
persistence explains their extensive use in resuscitation (fig 1).
Although some studies show more intravascular repletion with
colloids than with crystalloids," the effect is less than expected
owing to capillary leak, which occurs in acute illness. Also,
relative to crystalloids, semisynthetic colloids are expensive
and are associated with adverse reactions such as renal failure,
coagulopathy, and anaphylaxis. Currently, there is little evidence
to support the use of semisynthetic colloids for volume
resuscitation, and their use in critically ill patients is likely to
be harmful.”” Hydroxyethyl starches have been compared with
crystalloid solutions in a large number of well designed clinical
trials, which have shown an increased risk of death and renal
failure in the patient groups receiving these starches."*"
Moreover, a recent Cochrane review of colloids versus
crystalloids for fluid resuscitation in critically ill patients found
no evidence that colloids reduce the risk of dying compared
with crystalloids.'® Recently, in the United Kingdom, the
Medicines and Healthcare Products Regulatory Agency
suspended the licences for all hydroxyethyl starches after
concluding that the risks of administering these products for
plasma volume expansion outweighed the benefits in all patient
groups."’

Human albumin has been used extensively for resuscitation;
however, it is expensive and there is no evidence of its
superiority over other colloids or crystalloids. A recent large
study of patients with severe sepsis found no survival advantage
with the addition of albumin replacement to crystalloids alone."
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Box 1: Normal maintenance requirements

Water: 25-30 mL/kg/day
Sodium, potassium, and chloride: up to 1 mmol/kg/day
Gilucose: 50-100 g/day

Box 2: Symptoms and signs associated with hypervolaemia and hypovolaemia

Hypervolaemia: breathlessness, orthopnoea, paroxysmal nocturnal dyspnoea, ankle swelling, weight gain, peripheral and sacral oedema,
ascites, hepatomegaly, hypertension, raised jugular venous pressure, displaced apex beat, third heart sound, crepitations, and wheeze

Hypovolaemia: thirst, vomiting, diarrhoea, weight loss, dizziness, confusion, somnolence, reduced skin turgor, dry mucous membranes,
sunken eyes, reduced capillary refill, tachycardia, postural hypotension, and oliguria

Case scenario 1

You are asked to review a 75 year old woman four hours after she underwent an uneventful Hartmann’s procedure for a diverticular abscess.
The nurses are worried because her urine output has fallen to less than 0.5 mL/kg/h over the past two hours. You are asked to prescribe a
fluid bolus and increase the rate of maintenance Hartmann’s solution.

On examination there is no clinical evidence of hypovolaemia (box 2) or abdominal distension, the urinary catheter is patent, and you note
that her fluid balance is 4 L positive since her operation. Blood tests show haemoglobin 110 g/L (reference range 115-160), sodium 135
mmol/L (133-146), potassium 4.1 mmol/L (3.5-5.3), urea 6 mmol/L (2.5-7.8), creatinine 72 umol/L (50-110), and venous lactate 1.5 mmol/L

(0.5-2.2).
Q1: What would you do next?

Crystalloids

These are solutions of water containing ions (such as sodium,
potassium, and chloride) or sugars such as glucose (or both).
Whereas 0.9% saline contains only sodium and chloride, the
electrolyte constituents of other “balanced” crystalloids, such
as Hartmann’s solution (table 3()), are designed to resemble that
of plasma. The internal distribution of a crystalloid solution
after infusion depends mostly on its osmolality and sodium
content. Balanced salt solutions and 0.9% saline are isosmotic
with plasma and have similar sodium contents, so these solutions
will remain in the extracellular fluid compartment,
proportionally distributed between the plasma and interstitial
fluid. This is because the cell membrane (unlike the capillary
endothelium) is impermeable to sodium and because no osmotic
gradient is generated between the extracellular and intracellular
fluid compartments as the solution is isosmotic. Conversely,
although 5% glucose is isosmotic, it does not contain sodium,
so once infused the glucose is rapidly taken up by cells, leaving
pure water to distribute proportionally across the two
compartments by osmosis (fig 1). These characteristics
determine how crystalloids are used—0.9% saline and balanced
salt solutions are used as extracellular fluid replacement (for
example, after haemorrhage), whereas 5% glucose and
glucose-saline are used as maintenance fluid or to treat
dehydration (table 4|/). When replacing blood with 0.9% saline
or balanced salt solutions, around three times the volume of
estimated blood loss is needed, because only about a third of
the infusion volume remains in the intravascular space. Infusions
of large volumes of 0.9% saline can cause hyperchloraemic
metabolic acidosis; whether this acidosis is harmful is
unclear.” * Excessive use of 5% glucose can lead to severe
hyponatraemia, but this problem is reduced by the use of
solutions containing saline and glucose (such as 0.18% or 0.45%
sodium chloride in 4% glucose) or combinations of 0.9% saline
or balanced solutions with 5% glucose.”' Balanced solutions
usually contain anions such as lactate or acetate in place of
bicarbonate (which is unstable in solution), and excessive
administration of these solutions can result in metabolic
alkalosis.

Prescribing and monitoring intravenous
fluids

Intravenous fluid is indicated to restore an effective circulating
volume and vital organ perfusion in shock states and to maintain
normal fluid balance when the enteral route is unavailable. Fluid
prescribing can be challenging, particularly in patients with
impaired homeostatic mechanisms, such as those with renal or
cardiac failure, or in those with ongoing excessive losses (for
example, as a result of diarrhoea). The prescription of
intravenous fluids can be simplified if junior doctors routinely
consider the 5Rs: Resuscitation, Routine maintenance,
Redistribution, Replacement, and Reassessment (fig 2()).*

Resuscitation

If the patient is shocked and there is no evidence of cardiogenic
pulmonary oedema, administer 500 mL of a balanced crystalloid
or 0.9% saline over 15 minutes.* > The patient should then be
reassessed using an ABCDE approach and further fluid boluses
up to a total volume of 2000 mL can be given if necessary.” If
the patient still has evidence of shock, request senior help
urgently (case scenario 2, part A).

Routine maintenance

If the patient cannot meet his or her fluid requirements by the
enteral route, intravenous maintenance will be necessary. Adjust
maintenance fluids to take into account other sources of fluid
such as intravenous drugs. Box 1 outlines maintenance
requirements for healthy people under normal conditions. For
obese people, adjust maintenance to their ideal body weight
(ideal body weight=56.2 kg+1.41 kg/inch (2.5 cm) over 5 feet
(1.5 m) (men) and 53.1 kg+1.36 kg/inch over 5 feet (women)).
Suitable maintenance fluids include sodium chloride 0.18% in
4% glucose with added potassium or a mixture of 5% glucose
and 0.9% sodium chloride bags in a ratio of two bags of 5%
glucose to one of 0.9% sodium chloride with added potassium.
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Case scenario 2: part A

A 50 year old, 70 kg man presents with circulatory shock secondary to a gastrointestinal bleed. His medical history includes alcoholic cirrhosis
complicated by moderate ascites. He is usually compliant with a salt poor diet and takes spironolactone 100 mg daily. Blood tests show
haemoglobin 70 g/L (reference range 135-180), sodium 130 mmol/L (133-146), potassium 3.5 mmol/L (3.5-5.3), urea 8 mmol/L (2.5-7.8),
creatinine 110 pmol/L (60-120), and arterial lactate 2.5 mmol/L (0.5-1.6). His clotting screen is normal.

Q2: What fluids would you prescribe?

Redistribution

Maintenance fluids may need to be adjusted to take into account
the internal redistribution of fluid (third space losses) that can
occur in cardiac, renal, and liver impairment—for example,
ascites and oedema. In general, maintenance fluids will need to
be reduced so that third space losses are not exacerbated; it may
not be practicable to avoid fluids altogether owing to patient
discomfort related to thirst (case scenario 2, part B). Fluid can
be redistributed from the circulation to the tissues in patients
without comorbidity who have a severe inflammatory insult,
such as septic shock or pancreatitis. In these patients, despite
the inevitable positive fluid balance, massive fluid resuscitation
may be needed to avoid multiple organ dysfunction.

Replacement

Maintenance fluids will need to be increased to replace ongoing
external fluid losses, such as those caused by diarrhoea and
vomiting, gastrointestinal fistula, polyuric phase of acute renal
failure, and excessive sweating. It is often difficult to estimate
the volume and electrolyte composition of these losses
accurately; this requires careful examination, some knowledge
of the likely electrolyte composition of the fluid lost (fig 1), and
at least daily electrolyte measurement (case scenario 2, part C).
It is possible to lose 1-2 L of fluid per day from a high output
stoma, and this can be replaced with a balanced salt solution
with supplemental magnesium and potassium as required.

Reassessment

Careful monitoring is needed to minimise the risks of adverse
events such as fluid overload, hypovolaemia, and electrolyte
disturbances. Do not prescribe fluids for more than 24 hours
and assess fluid status at least daily, if not more often.
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Case scenario 2: part B

After resuscitation, endoscopy shows oesophageal varices, which are ligated. A ward nurse has asked for your review because the patient
is nauseous and unable to tolerate oral fluids. On examination he has a normal circulation, moderate ascites, and ankle oedema. His urine
output is 60 mL/h and repeat testing shows sodium 132 mmol/L (reference range 133-146), potassium 3.9 mmol/L (3.5-5.3), urea 10 mmol/L
(2.5-7.8), and creatinine 120 umol/L (60-120). Because you are reluctant to pass a nasogastric tube, for fear of dislodging his variceal bands,
the nurse has asked you to prescribe intravenous maintenance fluids.

Q3: What would you do next?

Case scenario 2: part C

Four days after admission the patient develops profuse diarrhoea, thought to be related to his antibiotic prophylaxis. Although his maintenance
fluids are being delivered enterally you suspect that intestinal absorption is reduced.
Q4: What fluids would you prescribe now?

Case scenarios answers

Q1: You suggest to the nurse that—in the absence of hypovolaemia, a positive fluid balance, and reassuring blood tests—oliguria is
probably a physiological response to surgery and that a fluid bolus is not immediately needed. However, you recognise that postoperative
oliguria is commonly associated with acute kidney injury and you plan to reassess the patient in two hours.

Q2: This patient requires resuscitation, so you prescribe 500 mL of 0.9% sodium chloride to be given over 15 minutes, followed by a
blood transfusion at a rate titrated to improvements in capillary refill, heart rate, and blood pressure. Haemodynamic stability is achieved
after the administration of three units of blood over 60 minutes.

Q83: You recognise that this is a complex fluid management problem, with clinical evidence of abnormal fluid redistribution (ascites and
oedema), so you seek the advice of the consultant gastroenterologist. You are advised that the clinical picture is consistent with dilutional
hyponatraemia, commonly seen in patients with cirrhosis, and that maintenance fluids are not currently indicated. You are asked to
ensure that his fluid balance is carefully recorded and to discuss again if there is any evidence of circulatory instability, such as increasing
heart rate, hypotension, or oliguria.

Q4: You recognise that this patient is at risk of excessive electrolyte loss including sodium, potassium, bicarbonate, and chloride. You
prescribe intravenous Hartmann'’s solution (1 L/day) because it contains all of these electrolytes (bicarbonate as lactate). You organise
daily testing for urea and electrolytes, including magnesium, recognising that additional electrolyte supplementation, such as potassium,
may be needed. You ensure that his fluid balance and requirements are reassessed twice daily.

Tables

| Daily water balance for a 70 kg man under normal conditions

Input Output
Source Volume (mL) Site of loss Volume (mL)
Water 1000 Urine 1000
Food 650 Skin 500
Oxidation 350 Lungs 400
Faeces 100
Total 2000 Total 2000
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| Composition and oncotic pressure of plasma and common colloids

Fluid Sodium (mmol/L) Chloride (mmol/L) Colloids (g/L) Oncotic pressure (mm/Hg)
Normal plasma 142 103 35-45 25

HES 6% 154 154 60 36

Gelofusine 154 120 40 26-29

Dextran 40 154 154 100 168-191

HES=hydroxyethyl starches.
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| Composition and osmolality of plasma and common crystalloids*

Fluid Na* CIF K Mg* Ca* HCO* Glucose Acetate Gluconate Osmolality (mOsm/L)
Normal plasma 142 1083 45 125 25 24 0.08 291
0.9 % saline 154 154 308
5% glucose 5 278
0.18% saline in 4% dextrose 30 30 4 284
Plasma-Lyte 148 140 98 5 1.5 27 23 294
Hartmann'’s solution 131 111 5 2 29 (as lactate) 278
Lactated Ringer’s solution 130 109 4 1.5 28 (as lactate) 273

*Constituent measurements are in mmol/L, except for glucose, which is in g/dL.
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| Clinical indications for common intravenous fluids

Fluid Possible indication
0.9% sodium chloride Resuscitation
Balanced crystalloid solutions, such as Hartmann'’s solution Resuscitation
5% glucose Maintenance

Glucose and saline solutions, such as 0.18% saline in 4% glucose Maintenance

Colloids Resuscitation
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Figures

Theoretical distribution of intravenous fluids on infusion

Sodium
Glucose 5% chloride 0.18% Saline 0.9%
and glucose 4%

Balanced .
crystalloids Colloid

‘ 1 litre i ‘ 1 litre ‘ 1 litre

1litre

600mL

480mL

Intracellular Extracellular

(25 litres) (17 litres) \
426mL Plasma
e volume
B q Interstitial 3 litres)
One ar and lymphatic
connective .
g (8 litres)
tissue
(5 litres)
Capillary membrane
Transcellular
- (1 litre)
Cell Membrane
70 kg man Electrolyte composition of some transcellular fluids (mmol/L)
42 litres total Fluid Na* K* (ol HCO3*-
body water Sweat 65 8 39 16
Gastric 20-100 5-10 120-160 0
— . Bile 150 5-10 40-80 20-40
‘ =1 litre lleal 140 5 105 40

Fig 1 Body fluid compartment volumes and theoretical distribution of intravenous fluids in healthy people
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Resuscitation (if needed)

f

Routine maintenance
I

Redistribution Replacement
Adjust maintenance Add to maintenance

!

Reassess

Fig 2 Prescribing intravenous fluids: the 5Rs
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