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INTRODUCTION The aim of fluid therapy is to increase intravascular volume, improve 
organ perfusion and oxygenation and/or maintain hydration. The composition, 
dose, rate, time and duration of fluid therapy are essential factors for its correct 
use. OBJECTIVE To help clinical staff to choose the most appropriate intravenous fluid 
therapy in different clinical situations. MATERIAL AND METHODS A search of systematic 
reviews and clinical trials comparing the use of any combination of crystalloids or 
colloids for any clinical condition was performed up until September 2023 in Co-
chrane Library, Epistemonikos, Web of Science and Pubmed. Additionally, Clinical 
practice guidelines were  consulted. RESULTS AND CONCLUSIONS The use of intravenous 
fluid therapy must meet a need that cannot be met by oral administration and is not 
free from risk. No perfectly physiological intravenous solution is currently available. 
Intravenous solutions are classified into crystalloids and colloids. For the majority 
of indications, optimal intravenous fluid therapy is based on the use of crystalloids. 
The choice of fluid therapy must be personalised based on the patient’s charac-
teristics and prior medical history, the current clinical situation, the osmolality and 
association of hydroelectrolytic imbalances and the acid-base equilibrium. The 
use of synthetic colloids is subject to significant restrictions given their negative 
effects on health outcomes, mainly anaphylactic reactions. KEYWORDS Fluid therapy, 
crystalloids, colloids, Ringer solution, saline, balanced solution, albumin.
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Intravenous solutions are also classified on the basis of 
their physical state (crystalloids or colloids). No perfectly 
physiological intravenous solution is currently available. 

The bodily distribution of fluid therapy solutions (Figure 1) 
after intravenous infusion varies depending on the com-
pound concerned. One hour after the infusion of 1000 mL 
of glucose serum 5%, saline 0.45%, saline 0.9% and albu-
min, 83 mL, 167 mL, 250 mL and 900 mL of fluid, respec-
tively, remains in the intravascular space3,4. 

The total volume of fluid therapy used in Navarra has re-
mained relatively unchanged in the past few years (Fi-
gure 2).

Crystalloids

Crystalloid solutions composed low molecular weight io-
nic and non-ionic solutes, thus allowing them to readily 
pass through cell membranes. 

The indications for crystalloids vary, including use as a 
pharmacological vehicle, maintenance of parenteral li-
nes, supply of fluids and ions in situations of deficient 
intake, stimulation of diuresis, renal protection in the 
presence of nephrotoxic agents and facilitating tissue 
perfusion by elevating blood pressure (BP) in emergen-
cy situations2.

Introduction

Fluid therapy is a treatment administered by parenteral 
route using solutions of different compositions for four 
types of indications: a) resuscitation: replenishment of 
intravascular volume in the event of hypovolaemia; b) re-
plenishment: correction of deficits that is not possible 
with oral administration only; c) maintenance: meeting 
daily water and electrolyte needs in patients unable to 
receive them orally; and d) substance transport: used as 
a solvent for drugs to be administered, or permeabilisa-
tion of parenteral administration1. The aim of intravenous 
fluid therapy is to increase intravascular volume, impro-
ve organ perfusion and oxygenation and/or maintain hy-
dration.

Most of studies about the use of intravenous fluid therapy 
have been conducted in cases of emergency, resuscita-
tion and surgery, although efficacy studies for less-criti-
cal situations have also been conducted. 

The aim of this review is to present the main solutions 
used in intravenous fluid therapy, their main indications 
and contraindications, as well as the potential adverse 
effects associated with its use.

To that end, a literature search for systematic reviews 
and clinical trials has been performed up to September 
2023 in Cochrane Library, Epistemonikos, Web of Scien-
ce and Pubmed. Clinical practice guidelines have also 
been consulted to complete the information.

Types of fluid therapy

Intravenous solutions (Table 1) are classified, on the basis 
of their osmolality with regard to plasma, as: a) isotonic 
(similar osmolality to plasma); b) hypotonic (lower osmo-
lality than plasma); or c) hypertonic (greater osmolality 
than plasma). Sodium is the electrolyte with the greatest 
influence on the osmolality of plasma and intravenous 
solutions, therefore, this classification often relates to a 
comparison of the sodium concentration. Despite being 
hyperosmolar, some salt-containing glucose/dextrose 
solutions (generally 5%) are considered to be isotonic 
given the rapid rate of glucose metabolism after infusion 
into the bloodstream2. This is due to the fact that osmo-
tic pressure allows the passage of free water between 
solutions of different concentrations separated by a se-
mi-permeable membrane. Oncotic pressure, in turn, is a 
type of osmotic pressure caused by the differing presen-
ce of proteins (mainly albumin) in two solutions separa-
ted by a semi-permeable membrane.

Determine the  
patient’s history,  

current condition, 
electrolytes, weight  

and whether oral  
intake is possible  

before prescribing  
fluid therapy
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Figure 1. Bodily distribution after infusion of one litre of fluid therapy. Adapted from Frost et al3.

Figure 2. Use of fluid therapy in Navarra.
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Since the creation of Ringer solution9, its composition 
has undergone minor changes to obtain other com-
pounds, such as Hartmann solution (incorporation of 
lactate) or Ringer acetate. Ringer lactate is hypotonic and 
contains a similar chloride concentration to plasma. The 
risk of lactate build-up is minimal given the quantity pre-
sent and the form, namely the L-lactate isomer. However, 
it is contraindicated in liver failure as it is converted into 
pyruvate, before it can be converted into bicarbonate, via 
the Cori cycle.

Plasmalyte® A or 148 solution is an isotonic electrolyte 
solution containing acetate and gluconate that allows ra-
pid conversion into bicarbonate in any tissue, whereas 
the conversion of lactate is dependent on hepatic or re-
nal tissue10. It does not contain calcium or lactate, thus 
meaning that it is compatible with blood transfusions 
and limits the increase of blood lactate levels while also 
reducing the onset of acidosis, thus making it a useful 
fluid therapy in cases of mild or moderate acidosis. Its 
main effect is expansion of the extracellular space. Given 
that its main effect is, it should be used with care in cases 
of hypocalcaemia.

Colloids

Colloids (from the Greek Kolas, “which can stick toge-
ther”) are solutions of molecules with a high molecular 
weight in a transporting crystalloid solution with a limi-
ted ability to cross a healthy semi-permeable capillary 
membrane3. The used colloids in medicine are proteins 
or polysaccharides in solution that can be used to increa-
se or maintain the osmotic (oncotic) pressure in the in-
travascular compartment, such as albumin, dextran, ge-
latins, blood components such as plasma and platelets, 
and have the physical properties of a gel. They are una-
ble to cross cell membranes and remain in the intravas-
cular space8.  

Colloids can be of a natural type, for example plasma de-
rivatives such as albumin (concentrations of 5–20%), or 
synthetic, which typically comprise polymers such as hy-
droxyethyl starch (HES) 6% (Voluven®, Isohes®, Elo-Hes® 
Expafusin®), dextran (Rheomacrodex®) or succinylated 
gelatins (Hemoce®, Gelafundin®, Gelaspan®, Fresegel®). 

The main drawback of human albumin is its limited avai-
lability given that it is a blood component. Gelatins and 
dextran, in turn, present a high risk of anaphylaxis. In ad-
dition, gelatins have only a short half-life as they are eli-
minated via the kidneys in 2–3 hours11.

Unbalanced crystalloids

Unbalanced crystalloids contain only different concen-
trations of sodium chloride or glucose, sometimes in 
combination with potassium.

The two sodium-containing solutions tha are used 
most frequently are physiological saline or normal sali-
ne (0.9%) and hypotonic saline (0.45%). Other formula-
tions with higher concentrations (2%, 3%, 7.5%) are used 
in fluid therapy less often or are added in small volumes 
(12.5%, 20%) to compensate deficiencies.

Saline 0.9%, known as “normal saline” or “physiological 
saline” is neither normal nor physiological in comparison 
with plasma. Indeed, its osmolality (308 mOsm/L) differs 
markedly from that of plasma (275–285 mOsm/L). The 
quantity of sodium (154 mEq/L) is also not normal when 
compared with that of plasma (135–145 mEq/L) and the 
quantity of chloride (154 mEq/L) differs even more from 
that found in plasma (98–109 mEq/L)5.  

Glucose solutions (glucose sera) have different concen-
trations and are, therefore, useful for preventing endoge-
nous catabolism and, despite being hyperosmolar, are 
considered to be hypotonic given their limited oncotic 
potential. Glucose sera are available in different formu-
lations for different energy requirements (5%, 10%, 20%, 
30%, 40%, 50% and 70% glucose). 

Glucosaline solutions contain saline and glucose as so-
lutes: 0.20% (1/5) NaCl, 0.33% (1/3) NaCl or 0.9% NaCl. 
The 0.2% and 0.33% solutions tend to produce hypona-
traemia, whereas 0.9% glucosaline does not.

Prediluted solutions of potassium with different concen-
trations are available to minimise the risks associated 
with handling concentrated solutions6. 

Balanced crystalloids

The so-called “balanced solutions” (Ringer, Ringer lac-
tate/Hartmann solution, Ringer acetate, Plasmalyte®) 
are crystalloids with a similar osmolality and composi-
tion (sodium, potassium, chloride, calcium and magne-
sium) to human plasma. These solutions contain a lower 
quantity of chloride than unbalanced solutions as this 
is replaced by other anions (Table 1) that can readily be 
converted into bicarbonate. This allows a rapid access 
to bicarbonate while reducing the generation of chlori-
de-related acidosis. Hence, these solutions are better 
able to maintain the acid/base equilibrium. In addition, 
their potassium content facilitates an increase in blood 
sodium levels due to transmembrane cation exchange 
via the Na+/K+ pump7,8. 
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per kg above 20 kg for patients weighing more than 20 
kg30. Hypotonic solutions were used initially, although 
this led to situations of hyponatraemia and worsened the 
reputation of this formula. Although there is no scientific 
evidence available, the use of this formula with the co-
rrect choice of fluid therapy, based on the condition to be 
treated, is considered to be a correct approach in main-
tenance fluid therapy2.

Situations of hypovolaemia, whether real or functional, 
have other requirements. The main challenge as regards 
the use of fluid therapy in shock is to use the smallest 
quantity needed to prevent tissue hypoxia due to a lack 
of volume while avoiding diastolic overload, which can 
lead to pulmonary and peripheral oedema31. 

The use of synthetic colloids increased significantly in the 
1980s and 1990s. However, in 2021 the Food and Drug 
Administration recommended that HES should not be 
used in critical patients or those with kidney disease gi-
ven the greater association of these compounds with 
episodes of death, kidney failure and haemorrhage26. In 
May 2022, the European Commission27 banned the use 
of HES 6% (Voluven®, Isohes®, Volulyte®), with this deci-
sion becoming effective in Spain in December 202228. 

Dose and infusion rate   

According to the various protocols and consensus do-
cuments studied, intravenous fluid therapy is an active 
part of the treatment for serious diseases. However, the-
re is some degree of variability in its application in clini-
cal practice as regards the indication, quantity and type.

For maintenance, an adult requires 1–1.25 mL/kg/h or 
25–30 mL/kg water, 1 mEq/kg sodium, potassium and 
chloride and 50–100 g glucose per day29. During major 
surgery, fluid requirements may be as high as 3 mL/kg/h. 

In paediatric patients, the Holliday–Segar formula is used 
to calculate maintenance fluid therapy needs. This for-
mula proposes daily fluid requirements of 100 mL/kg/
day for patients weighing less than 10 kg, 1000 mL, with 
an additional 50 mL per kg above 10 kg for patients wei-
ghing 10–20 kg, and 1500 mL, with an additional 20 mL 

Table 1. Main fluid therapy solutions. Source2 and AEMPS12-25. n  Balanced solutions.

SOLUTION SODIUM POTASIUM CHLORIDE
(MMOL/L)

ACETATE OTHERS CALCIUM
(mEq/L)

MAGNESIO
(mEq/l)

GLUCOSA
(gr)

OSMOLARIDAD  
TEÓRICA (MEDIDA)

(mOsm/L)

PH

Plasma 135-145 4.5-5.0 94-111 0.02-0.2 2.2-2.6 0.8-1.0 275-295 7.35-7.45

Hypotonic

Glucose serum 5% 50 278 3.5-5.5

Glucosaline 1/5 30,8 30.8 47 320 3.5-6.5

Glucosaline (1/3) 51 51 36 302 3.5-6

Saline serum 0,45% 77 77 154 4.5-7.0

Ringer lactate 130 5.4 111.7 Lactate 27.2 3.6 273 (256) 5.0-7.0

Hartmann solution 130 5.4 112 Lactate 28 3.6 277 5.0-7.0

Isotonic

Saline serum 0,9% 154 154 308 (286) 4.5-7.4 

Plasmalyte® 140 5 98 27 Gluconate 23 3 295 (271) 7.4 
(6.5-8)

Ringer acetate 130 5 112 27 1 1 276

Succinylated gelatin
(Gelaspan®, Hemoce®) 151 4 103 24 Succinylated 

gelatin 40 gr. 1 1 284 7.4

Dextran 40 
(Rheomacrodex 10%®) 154 154 Dextran 40 gr 3.5-7.0

20% Albumin 122 < 2 Albumin 192 gr.

The perfectly 
physiological 

intravenous solution 
does not exist.
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Selection criteria for fluid therapy  
in different clinical situations

Hydroelectric and acid/base equilibrium 
imbalances

In cases of hypovolaemia, the main objective is to re-es-
tablish a volaemia that allows tissue perfusion and oxy-
genation to counteract the effects of the reduced ex-
tracellular volume. However, volume overload must be 
avoided, especially in patients with heart or kidney fai-
lure. In the event of a decrease in extracellular fluids due 
to vomiting, diarrhoea, bleeding or diabetic ketoacidosis, 
the use of isotonic solutions, such as 0.9% saline or Plas-
malyte®, is beneficial initially. The cause can then be trea-
ted. Hypovolaemia is often associated with alterations to 
the hydroelectric balance49. 

Hyponatraemia

Hyponatraemia (generally chronic, lasting for more than 
48 hours) is the main electrolytic imbalance found in cli-
nical practice. It can appear acutely during the postope-
rative period, preparation for colonoscopy, after intense 
exercise or with the use of thiazides, intravenous cyclo-
phosphamide or oxytocin. It is very important to determi-
ne the causes and clinical severity of hyponatraemia be-
fore commencing fluid therapy infusion. Hyponatraemia 
is commonly associated with the secretion of antidiuretic 
hormone or vasopressin (ADH), occasionally as an ade-
quate response to insufficient effective intravascular vo-
lume, but also due to inadequate secretion (SIADH). The 
determination o ADH is not recommended as a confir-
mation of SIADH50. 

The most common causes of hypovolaemia-related 
hyponatraemia are renal loss due to the use of diure-
tics or a mineralocorticoid deficiency, or non-renal los-
ses due to vomiting, diarrhoea, hyperhidrosis or third 
space (pancreatitis, intestinal obstruction, sepsis, mus-
cle trauma). The most common causes of euvolaemia 
are SIADH, secondary adrenal failure, hypothyroidism or 
polydipsia. Similarly, the most common causes of hypo-
volaemia are advanced kidney failure and secondary 
hyperaldosteronism (cirrhosis, heart failure, nephrotic sy-
ndrome). However, the difficulty in measuring volaemic 
status on a daily basis means that algorithms based on it 
are impractical in clinical practice51. 

A simplified approach to the possible causal mecha-
nism only requires the determination of urinary osmola-
lity (Osmu) and the urinary sodium concentration ([Na]
u) in a simple urine sample. If Osmu is 100 mOsm/kg or 
lower, the cause is likely to be excess water intake, whe-
reas if Osmu is higher than 100 mOsm/kg and [Na]u is 
30 mmol/L or lower, the cause may be loss of effective 

Indirect systems, including blood pressure, heart rate 
and diuresis, have been used to calculate the volume of 
fluid therapy required in these situations. However, si-
tuations of shock may nevertheless arise with these pa-
rameters in range32. The concept of Goal Directed The-
rapy (GDT) began to be applied in 2001. This technique 
allows the use of fluid therapy (and vasopressors) to be 
guided by established targets and evaluated by monito-
ring based on haemodynamic parameters [blood pres-
sure, central venous pressure (replaced due to mechani-
cal and infectious risks), inferior vena cava collapsibility 
index, central venous oxygen saturation, stroke volume 
and cardiac output]33. Serum infusions are performed if 
required (fluid challenge of 250–500 mL in 5–15 minu-
tes) and the parameters re-evaluated34,35. In newborns, 
10 mL/kg is administered in less than 10 minutes, whe-
reas in older children and adolescents infusions of 20 
mL/kg in less than 10 minutes are used36. There is some 
controversy as regards the scope of this technique and 
its inherent drawbacks given the variability and limited 
predictivity of the measurement methods37. Indeed, clini-
cal trials and systematic reviews both in favour of38-42 and 
against33,43-45 this technique can be found in the literature.

Definitive guidelines for the administration and evalua-
tion of the fluids test are yet to be defined. Indeed, not all 
patients respond to the infusion of fluids to obtain ade-
quate cardiac performance, which allows optimal oxy-
gen release in tissues. For those who do not respond, 
infusion of the loading dose (between 250 and 500 mL) 
is irreversible. As such, measures such as elevating the 
lower limbs (the effects of which can be detected in a 
few seconds or minutes by monitoring cardiac output) 
have been used to predict the response to the fluid load 
in both patients receiving mechanical ventilation or with 
spontaneous respiration46.  

The Parkland formula [4 mL x weight in kg x % total body 
surface area burned (TBSA)] is used in the event of ma-
jor burns47. Although not free from controversy, this for-
mula is still used provided the haemodynamic indicators 
are monitored on a regular basis48.
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the event of haemodynamic instability (hypotension, oli-
goanuria), saline 0.9% can be used initially to ensure tis-
sue perfusion (0.45% if associated with hypokalaemia). 
Ringer lactate or Plasmalyte® are also good alternatives 
in the case of concomitant hypokalaemia49. Euvolaemic 
hypernatraemia (excessive sweating, central diabetes in-
sipidus or nephrogenic diabetes) is treated with the re-
plenishment of free water (glucose serum 5%).

Hypokalaemia

This usually develops due to renal or digestive losses 
and is often accompanied by metabolic alkalosis. In the-
se cases, solutions containing potassium chloride are in-
dicated. However, in the event of metabolic acidosis (for 
example diarrhoea), the use of other salts such as potas-
sium acetate is recommended.

In the event of concomitant hypovolaemia, the best op-
tion is to use potassium chloride together with Ringer 
lactate (in the absence of alkalosis) or saline 0.45% (ins-
tead of 0.9%) given the risk of an increase in sodium le-
vels after the correction of potassium due to transmem-
brane cation exchange via the Na+/K+ pump. 

Peripherally, the maximum concentration of potassium 
infused should be 60 mEq/L (optimally less than 40 mE-
q/L) and the maximum rate should be 20 mEq/h (opti-
mally less than 10 mEq/h). Centrally, the maximum con-
centration should be 100 mEq/L and the maximum rate 
40 mEq/h (optimally less than 20 mEq/h) for large fluid 
volumes. Heart monitoring should be implemented for 
rates higher than 10 mEq/h. A blood test should be per-
formed every 24 h for infusions greater than 60 mEq/day. 
For optimal potassium correction, magnesium should be 
replenished first in the event of a deficiency thereof. The 
use of glucose solutions should be avoided in cases of 
severe hypokalaemia to limit associated insulin secre-
tion, which facilitates the entry of potassium into cells6. 

Hyperkalaemia       

Hyperkalaemia is generally associated with the presence 
of severe kidney failure (GF < 20 mL/min), hypoaldoste-
ronism (suspected for a urine potassium/creatinine ratio 
< 13 mmol/L), acidosis, uncontrolled diabetes mellitus or 
drug-related iatrogenesis (NSAID, ACEI, ARA II, digita-
lins). In such situations (in the absence of hyperglycae-
mia), the use of glucose solutions with insulin (glucose 
5%-10%, glucosaline) to correct potassium levels may 
be combined with the use of isotonic (0.9%) or hypoto-
nic saline (0.45%). In general, the use of balanced should 
be avoided in hypokalaemia given their potassium con-
tent49.

arterial volume, such as in cases of secondary hyperal-
dosteronism (heart failure, liver cirrhosis or nephrotic sy-
ndrome), third-space loss or external losses (diarrhoea 
or vomiting). A [Na]u value higher than 30 mmol/L sug-
gests a situation of euvolaemia or hypervolaemia, with a 
sensitivity of 94–100% and a specificity of 24–69% (de-
pending on the lack or use of diuretics). In this scenario, 
the presence of SIADH should be evaluated initially, or 
the prior use of diuretics or the existence of kidney failu-
re, as well as other circumstances51.

An adult requires 1–2 mEqNa+/kg bw per day. One litre 
of saline 0.9% contains 9 g of salt, which represents 154 
mEq Na+ (much higher than the daily requirement). De-
pending on the diagnosis and clinical severity, the infu-
sion of more fluids should be avoided, or this should be 
restricted (chronic hyponatraemia with no severe symp-
toms or SIADH), use saline 0.9% or balanced crystalloids 
(0.5–1.0 mL/kg/h in the event of reduced circulating vo-
lume, with or without metabolic alkalosis) or hypertonic 
saline as a rapid infusion (2 mL/kg 150 mL in 20 min 
of saline 3% in the event of severe symptoms or acute 
hyponatraemia of more than 10 mEq/L with a decrea-
se in serum sodium of more than 10 mEq/L). If hypo-
natraemia occurs jointly with hypokalaemia, recovery of 
sodium is accelerated with the recovery of potassium. In 
addition, an inappropriately fast recovery of hyponatrae-
mia must be avoided given the risk of overload in cases 
of prior kidney or heart failure or the onset of central pon-
tine myelinolysis. In such situations with hypokalaemia, 
saline 0.45% should be used rather than saline 0.9%7,51. 

A careful causal diagnosis, monitoring of serum sodium 
levels and the urgent use of hypertonic saline are critical 
measures, in their own scenario, for the management of 
hyponatraemia51.

Hypernatraemia

Severe hypernatraemia presents a much greater risk of 
death than hyponatraemia, and has a greater impact in 
women52. It generally occurs together with hypovolaemia 
via three main mechanisms: renal losses, loss of feeling 
thirsty or no water intake and insufficient fluid therapy53.

Replenishment with glucose 5% or saline 0.45% is suffi-
cient in hypovolaemic hypernatraemia with no haemod-
ynamic instability. An aggressive reduction in sodium 
(<12 mEq/L/day) should be avoided in chronic hyper-
natraemia due to the risk of cerebral oedema. The chan-
ge in serum sodium per litre of solution infused can be 
calculated using the following formula: (mmolNa+ infu-
sed – Na+ serum)/(total body water +1). Total body wa-
ter by weight is 0.6 in children younger than 14 years, 0.6 
and 0.5 in adult males and females, respectively, and 0.5 
and 0.45 in elderly males and females, respectively. In 
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Metabolic acidosis

Situations of hypovolaemia with metabolic acidosis may 
occur after the presence of diarrhoea (intestinal loss of 
bicarbonate and compensating increase in chloride with 
a normal, hyperchloraemic anion-gap metabolic acido-
sis), loss of pancreatic or biliary secretions or kidney fai-
lure. In such situations, the fluid therapy of choice is Rin-
ger lactate given the speed of correction of the acidosis 
as a result of the ability of lactate to be converted into bi-
carbonate, provided there is no contraindication for this 
therapy54,55 (Table 3). It should be noted, however, that 
the rapid administration of chloride may favour the onset 
of hyperchloraemic acidosis7.

In the case of acidosis resulting from diabetic ketoaci-
dosis or trauma, the best option is a balanced crystalloid 
(Plasmalyte®) instead of saline 0.9% to prevent hyper-
chloraemia56. In the event of concomitant hypokalae-
mia, the best option is to use Ringer lactate (contains po-
tassium), Plasmalyte® or hypotonic saline (0.45%) with 
potassium, instead of saline 0.9%, to prevent hypertonic 
infusion and the risk of hypernatraemia51. 

Table 2. Fluid therapy recommended for hydroelectric and acid/base imbalances.
  
CLINICAL SITUATION COMMON CAUSES RECOMMENDED FLUID THERAPY RISKS

Hypovolaemia Bleeding, diarrhoea, vomiting, diabetic 
ketoacidosis

Isotonic: Saline 0.9%, Plasmalyte® 
(concomitant ketoacidosis)

Volume overload

Metabolic acidosis Kidney failure, diarrhoea, pancreatic or biliary 
loss, hypoaldosteronism, ketoacidosis

Ringer lactate or Plasmalyte® (concomitant 
severe metabolic acidosis, ketoacidosis or 
trauma-related acidosis)

Avoid saline 0.9% with concomitant acidosis 
and hyperchloraemia. Avoid Ringer lactate 
with concomitant lactic acidosis

Metabolic alkalosis Vomiting, nasogastric tube aspiration,  
use of loop or thiazide diuretics

Saline 0.9% or saline 0.45% with potassium 
(concomitant hypokalaemia)

Avoid balanced crystalloids as they worsen 
alkalosis

Hyponatraemia Renal losses (diuretics, adrenal failure), 
non-renal losses (vomiting, diuretic, 
hyperhidrosis, third-space) SIADH, secondary 
hypoaldosteronism (heart failure, cirrhosis, 
nephrotic syndrome)

Depending on scenario. Fluid restriction, 
emergency hypertonic saline, saline 0.9%, 
saline 0.45%, balanced crystalloids

Close monitoring of natraemic recovery. 
Less sodium or slower rate with concomitant 
hypokalaemia or risk of HF. Risk of central 
pontine myelinolysis if excess, risk of cerebral 
oedema if deficit. 

Hypernatraemia Renal losses, loss of thirst sensation  
or lack of access to water and insufficient fluid 
therapy 

Glucose serum 5% or saline 0.45%. 
Balanced crystalloids with concomitant 
hypokalaemia

Avoid Ringer with concomitant lactic 
acidosis

Hypokalaemia Renal or digestive losses Saline 0.45% or balanced (avoid with 
concomitant alkalosis) with potassium 
chloride. Replenish magnesium

Avoid glucose solutions May be concomitant 
metabolic alkalosis (avoid balanced)  
Rule out hypomagnesaemia

Hyperkalaemia Kidney failure or hypoaldosteronism Glucose serum 5% with insulin Saline 
0.45%

Avoid balanced solutions as they contain 
potassium

Maintenance  
perfusion in paediatric 
patients is calculated 

using the Holliday–
Segar formula and  
is 25–30 mL/kg/d  

in adults.
 

 There is a risk of 
metabolic acidosis, 

hyperchloraemia  
and kidney failure  
with high volumes  

of saline 0.9%.
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vour of the comparator are underlined. To ensure better 
readability, we have presented the results by sub-group. 
Although the secondary objectives are presented given 
their obvious interest, numerical values are not provided 
as they are exploratory. 

Resuscitation

Critical state

Studies performed on patients in a critical state, in gene-
ral admitted to the ICU (preferably) or need for emergen-
cy resuscitation.

Comparison between crystalloids

There is no evidence for a clinical difference between the 
use of balanced crystalloids or unbalanced solutions in 
patients in a critical state.

Metabolic alkalosis

In situations of metabolic alkalosis, fluid therapy may be 
necessary in the event of hypovolaemia caused by the 
presence of vomiting, nasogastric tube aspiration (loss 
of hydrogen ions) or the use of diuretics (loop or thiazi-
des). In these cases, the best fluid therapy is saline 0.9% 
(tends to cause acidosis) or saline 0.45% with potassium 
in the event of concomitant hypokalaemia. Plasmalyte® 
and Ringer lactate are contraindicated in these situations 
given the tendency of bases to be converted into bicar-
bonate, thus worsening the alkalosis49. 

The evidence for selecting the optimal fluid therapy ba-
sed on the condition is presented below in the form of 
tables and conclusions per section. Results from syste-
matic reviews with meta-analyses are shown preferen-
tially. In the secondary objectives column, the results 
with statistical significance supporting the intervention 
are highlighted in bold, and significant differences in fa-

Table 3. Critical state. Comparison between crystalloid.

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

201557 <111 mEq Cl >111 mEq Cl 21 6,253 ICU or PeriQx Mortality 1.13 (0,92- 1,39) - 0%
AKF,  

hyperchloraemia,  
DFMV, MA,

201557 <111 mEq Cl >111 mEq Cl 21 6,253 ICU or 
perisurgery AKF 1.64 (1,27- 2,13) - 0% Metabolic 

acidosis, RRT

201858 <111 mEq Cl >111 mEq Cl 21 3,710 ICU or 
perisurgery Mortality 0.90 (0,69-1,17) Low 0% AKF, TV, MS, 

DFMV, DV

201858 <111 mEq Cl >111 mEq Cl 22 3,724 ICU or PeriQx RRT 1.12 (0.80-1.58) Low 0%  

201959 Balanced SS 0.9% 9 32,777 ICU Mortality 0.94 (0.82- 1.07) Very low 0% AKF, RRT

201960 Balanced SS 0.9% 14 19,664 Critical state Mortality 0.91 (0.83- 1.01) High 0% Abnormal 
clotting, TV

201960 Balanced SS 0.9% 9 18,701 Critical state AKF 0.92 (0.84- 1.00) Low 0%

Organ 
dysfunction, 

pH and 
hyperchloraemia

201961 Balanced SS 0.9% 7 20,171 Critical state Mortality 0.92 (0.85- 1.00) - - Higher pH, lower 
chloraemia

201961 Balanced SS 0.9% 7 20,171 Critical state AKF ≥ 2 0.95 (0.88- 1.01) - - RRT

201962 Balanced SS 0.9% 9 20,345 Critical state Mortality 0.93 (0.86 - 1.01) Moderate 0% RRT, AKF, AKF ≥ 
2, MS

201963 SS 0,9% Balanced 8 20,684 ICU Mortality OR 1.08 (1.00-1.17) - 0% AKF

202064 Balanced SS 0.9% 6 31,116 Critical state Mortality 0.86 (0.75- 0.99) - 82% AKF, RRT, MS, 
DFMV

202165 Balanced SS 0.9% 6 19,049 Critical state MAKE 30 0.95 (0.88 - 1.01) - 0%
Mor 30, Mor H, 

Mor ICU, MS ICU, 
RRT, MS  

202266 Balanced SS 0.9% 7 34,517 Critical state Mortality 0.96 (0.92- 1.01) - 0%  

202266 Balanced SS 0.9% 7 24,593 Critical state AKF 0.95( 0.90- 1.01) 0%  

202266 Balanced SS 0.9% 7 33,830 Critical state RRT 0.93 (0.86- 1.02) - 19%  

AKF Acute kidney failure. DFMV Days free from mechanical ventilation. DV Days with vasopressors. ICU Intensive care unit. MA Metabolic acidosis. MAKE 
30 combination of variables such as mortality, persistent kidney failure, or new RRT at 30 days. mEq Cl Milliequivalents of chlorine. Mor 30 Mortality at 30 
days. Mor ICU Mortality in ICU. Mor H Hospital mortality. MS Mean stay. OR Odds ratio. PeriQx Perioperative. RL Ringer lactate. SS 0.9% Saline 0.9%. RCT 
Randomised clinical trial. RRT Renal replacement therapy. TV Transfusion volume.
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Comparison between colloids and crystalloids

Intravenous colloids have not shown any benefit with 
respect to intravenous crystalloids in a population in a 
critical state. 

Hypovolaemia and hypovolaemic shock

Taken together, the data show that the use of colloids 
does not show any clinical improvement with respect to 
the use of crystalloids in cases of hypovolaemic shock 
or hypovolaemia. Adverse events are rarely considered.

Comparison between colloids

A systematic review of 69 studies (42 RCTs) involving 
10,382 patients with acute critical disease, comparison 
of safety outcomes for different colloids. Albumin was 
found to be the safest colloid and HES the least safe for 
the variables acute kidney failure, bleeding and clotting 
abnormalities, and pruritus as main adverse events67. 

Table 4. Critical state. Comparison between colloids and crystalloids. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

199868 Colloids Crystalloids 9 1,315 Critical state Mortality 1.19
(0.98- 1.45) - 12%

199869 Albumin Crystalloids 3 163 Critical
Hypoalbuminemia Mortality 2.4

(1.11-5.19) - 2%

200470 Albumin Crystalloids 19 7,576 Critical state Mortality 1.02
(0.93- 1.11) - 0%

201171 Albumin Crystalloids 12 757 Critical
Hypoalbuminemia Mortality 1.26

(0.84 -1.88) - 0%

201171 Albumin Crystalloids 8 10,842 Critical state Mortality 1.05
(0.95-1.16) - 0%

201372 Albumin Crystalloids 24 9,920 Critical state Mortality 1.01
(0.93- 1.10) - 15%

200470 Dextran Crystalloids 9 834 Critical state Mortality 1.24
(0.94-1.65) - 0%

201372 Dextran Crystalloids 9 834 Critical state Mortality 1.24
(0.94- 1.65) - 0%

200470 Gelatine Crystalloids 7 346 Critical state Mortality 0.54
(0.16-1.85) - 0%

201372 Gelatine Crystalloids 11 506 Critical state Mortality 0.91
(0.49- 1.72) - 0%

CI Confidence interval. RCT Randomised clinical trial. RR Relative risk. 

Table 5. Hypovolaemic shock. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

201473 SH 7,5% Isotonic                  
(0.9% SS or RL) 6 1,254 Hypovolaemic

shock Mortality 0.96
(0.82-1.14) – 0% Elevated BP

201774 SH 7,5% 0.9% SS or RL 12 2,932 Hypovolaemic
shock Mortality 0.96

(0.82-1.12) – 0%

202275 Hypertonic Isotonic                  
(0.9% SS or RL) 9 2,081 Hypovolaemic

shock
Mortality 
30 days

1.19
(0.97-1.45) – 48% Mor 90, Mortality, 

AEs, MS

201774 Dextran 0.9% SS or RL 12 2,932 Hypovolaemic
shock Mortality 0.92

(0.80-1.06) – 0%

201976 Dextran Crystalloids 19 - Hypovolaemic
shock Mortality 1.02

(0.94-1.09) – 0%

201976 Gelatine Crystalloids 3 - Hypovolaemic
shock Mortality 1.19

(0.68-2.08) – 0% Cardiac output

AE Adverse Event. AKF Acute kidney failure. BP Blood pressure. CI Confidence interval. HS Hypertonic saline. IV Infusion volume. Mor 90 90-Day mortality. 
MS Mean stay. RCT Randomised clinical trial. RL Ringer lactate. RR Relative risk. SS Saline solution. 
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Comparison between colloids and crystalloids 

The use of colloids does not result in a clinical improve-
ment with respect to the use of crystalloids in situation 
of severe sepsis. The European Society of Intensive Care 
Medicine recommends to avoid the use of HES-type co-
lloids and gelatins in patients with severe sepsis86. Simi-
larly, an international guideline for the management of 
sepsis and septic shock, which represents 25 internatio-
nal organisations, recommends the use of crystalloids in 
the reanimation of patients with sepsis and septic shock 
(strong recommendation, moderate evidence)87. Adverse 
events are rarely considered.

Sepsis

Comparison between crystalloids

The use of balanced crystalloid solutions is associated 
with a lower mortality than the use of unbalanced crys-
talloids in situations of severe sepsis Adverse events are 
rarely considered.

Table 6. Hypovolaemia. 

REF. INTERVENTION COMPARATOR RTC no. No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

199869 Albumin Crystalloids 13 534 Hypovolaemia Mortality 1.46
(0.97-2.22) - 9%

200477 Albumin Crystalloids 28 1,522 Hypovolaemia Mortality 0.96
(0.75- 1.23) - 0%

201171 Albumin Crystalloids 22 9,880 Hypovolaemia Mortality 1.02
(0.92- 1.13) - 0%

201976 Albumin Crystalloids 14 - Hypovolaemic
shock Mortality 1.02

(0.96-1.10) - 0% Cardiac output

201078 Hyperoncotic 
albumin

Hypo-oncotic 
albumin 7 524 Hypovolaemia AKF 0.24

(0.12-0.48) - 0% Mortality

201679 Albumin or 
crystalloids Gelatine 16 2,525 Hypovolaemia Mortality 1.15

(0.96-1.38) Low 0% TV, AKF, 
anaphylaxis

ECA Ensayo clínico aleatorizado. IC Intervalo de confianza. IRA Insuficiencia renal aguda. RR Riesgo relativo. VT Volumen de transfusión. 

Table 7. Sepsis. Comparison between crystalloids. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

201480 Balanced S 0.9% 10 6,664 Severe sepsis RRT 0.85 (0.56-1.30) Low  

202081 Balanced S 0.9% 23 14,659 Severe sepsis Mortality 0.84 (0.74-0.95) Moderate –  

202081 Balanced S 0.9% 11 10,569 Severe sepsis AKF 0.98 (0.82-1.17) Moderate –  

AKF Acute kidney failure. CI Confidence interval. HR Relative risk. RCT Randomised clinical trial. RRT Renal replacement therapy. SS Saline solution.

Table 8. Sepsis. Comparison between colloids and crystalloids. 

REF. INTERVENTION COMPARATOR RTC no. No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

201480 Albumin Crystalloids 10 6,664 Severe sepsis RRT 1.04 (0,78-1,38) Moderate

201482 Albumin 5 3,650 Severe sepsis Mortality
90 days 0.88 (0.76-1.01) - 0%

201483 Albumin Crystalloids 11 6,741 Severe sepsis Mortality 0.95 (0.87-1.04) - 5%

201684 Dextran Crystalloids 10 2,501 Severe sepsis Mortality 0.86 (0.71-1.03) Moderate 0%

201684 Gelatin/Colloids Crystalloids 6 2,241 Severe sepsis Mortality 0.90 (0.73-1.11) Moderate 40%

201885 Albumin Crystalloids 6 3,088 Severe sepsis Mortality 0.91 (0.83-1.00) - 0%

AE Adverse event. AKF Acute kidney failure. CI Confidence interval. Mor 30 30-Day mortality. RCT Randomised clinical trial. RR Relative risk. SS Saline.

Balanced

Crystalloids     Mor, Mor 30 
Septic shock
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clinical trials present better indirect results with hyperto-
nic saline or Plasmalyte® than with Ringer lactate. Adver-
se events are rarely considered.

Trauma

A systematic review in severe trauma patients (including 
the use of HES) concluded that the use of dextran does 
not present differences in terms of mortality outcomes 
with respect to the use of crystalloids. There were also 
no difference between the use of hypertonic saline and 
isotonic saline, whether balanced or not. Adverse events 
are rarely considered.

Major burns

According to the findings of the systematic reviews stu-
died, which do not report the quality of the evidence, 
the use of albumin in patients with burns on more than 
15% of their body surface area is associated with a hi-
gher mortality than the use of crystalloids. These findings 
are in agreement with those of the MAPAC (Mejora de 
la Adecuación de la Práctica Asistencial y Clínica [Im-
provement of the Adaptation of Clinical and Care Prac-
tices]) of the SNS-O [Navarra Health Service]92. In the-
se situations, the fluid therapy of choice is crystalloids, in 
agreement with the recommendations of the Internatio-
nal Society for Burns Injuries (ISBI)93. Two randomised 

Table 9. Major burns. 

REF. INTERVENTION COMPARATOR RTC no. No.  
PATIENTS

POPULATION PRIMARY 
OBJECTIVES

DIFFEREN-
CES

(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

1995*88 HS RL 1 213 Burn patients FV 24 h
MD: 3.94 

vs 5.25 mL/
kg/%BSA

- -

201789 Hyperosmotic iso-osmotic 6 294 Burn patients Mortality 1.18 
(0.60–2.34) - 0%

FV, diuresis 24 h, 
serum creatinine 

24 h

199869 Albumin Crystalloids 8 507 Burn patients Mortality 1.69 
(1.26–2.267 - 1%

201171 Albumin Crystalloids 4 205 Burn patients Mortality 2.93 
(1.28–6.72) - 0%

201790 Albumin + RL Crystalloids 4 140 Burn patients Mortality 1.60 
(0.63–4.08) - 41%

2020*91 Plasmalyte® RL 1 28 Burn patients Base excess MD:  
–0.9 vs –2.1 - - Mortality, MS

(*) RCT. BSA Body surface area. CI Confidence interval. FV Fluid volume. HS Hypertonic saline. MD Mean difference. MS Mean stay. RCT Randomised 
clinical trial. RL Ringer lactate. RR Relative risk. 

Table 10. Trauma (including gunshot injuries). 

REF. INTERVENCIÓN COMPARADOR Nº  
ECA

NÚMERO  
PACIENTES

POBLACIÓN OBJETIVOS 
PRIMARIOS

DIFERENCIAS
(RR; IC 95%)

CALIDAD
EVIDENCIA

I2 OBJETIVOS
SECUNDARIOS

201794 Dextran RL 2 269 Trauma Mortality 1.47 
(0.30–7.18) Low 85%

AE, infection, 
multiorgan failure, 

MS

201795 SH Isotonic 5 1,162 Trauma Mortality 1.02  
(0.95-1.10) - 0%

AE Adverse event. AKF Acute kidney failure. CI Confidence interval. HS Hypertonic saline. MS Mean stay. RCT Randomised clinical trial. RL Ringer lacta-
te. RR Relative risk. 
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The NICE guideline recommends the use of crystalloids 
in perioperative adult care101.

Heart surgery

Comparison between colloids and crystalloids
The use of gelatins does not show better health outco-
mes than the use of crystalloids in priming the extracor-
poreal circuit in heart surgery. The MAPAC recommends 
the use of crystalloids for circuit priming92. 

Surgery

General surgery

Comparison between crystalloids

In the case of non-cardiac surgery, the use of balanced 
crystalloids does not provide a clinical benefit compared 
with unbalanced solutions. Supplementation with crys-
talloids is associated with a reduction in postoperative 
nausea and vomiting compared with the standard dose. 
The quantity of evidence regarding the use of restrictive 
versus goal-oriented fluid therapy is very low, therefore 
no conclusions can be reached.

Table 11. General surgery. Comparison between crystalloids. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

201296 Balanced Unbalanced 3 267 Surgery Mortality 1.85
(0.37–9.33) Moderate 0% Lower pH, TV

201797 Balanced Unbalanced 3 267 Surgery Mortality 1.85
(0.37–9.33) Low 0%

201898 Balanced SS 0.9% 8 871 Surgery pH PostQx MD 0.06
(0.04–0.08) Moderate 82%

201999 Crystalloid 
supplements Standard dose 18 1,766 Surgery Nausea PostQx 0.62

(0.51–0.75) Moderate 57%
Need for 

antiemetics, 
readmissions, AEs

201999 Crystalloid 
supplements Standard dose 20 1,970 Surgery Vomiting PostQx 0.50

(0.40–0.63) Moderate 40%

2019100 Restrictive 
(balance 0) Goal-oriented 5 484 Surgery Major 

complications
1.61

(0.78–3.34) Very low 47%

2019100 Restrictive 
(balance 0)

Target-
oriented 6 544 Surgery Mortality DR 4.81

(1.38-16.84) Very low 0%

AE Adverse event. AKF Acute kidney failure. BV Bleeding volume. CI Confidence interval. DR Difference of risks. MD Mean difference. MS Mean stay.  
PostQx Postoperative. RCT Randomised clinical trial. RR Relative risk. RRT Renal replacement therapy. SS Saline solution. TV Transfusion volume. 

Table 12. Heart surgery. Colloids versus crystalloids. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

2017102 Gelatin Crystalloids 3 44 Heart surgery Blood loss 
in 24 h

SMD –0.07 
(–0.40,  0.26) Low 0%

CI Confidence interval. RCT Randomised clinical trial. RR Relative risk. SDM Standardized mean difference.

RRT, diuresis,
change creatinine,

postoperative 
creatinine, PCO2,

postoperative 
NAVO, BV,
TV, platelet 
transfusion.

MS, surgical 
complications,

AKF. Non-surgical 
complications
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dration (bolus of 15–20 mL/kg plus 3 mL/kg/hour) (pre-
ferably with Ringer lactate) with standard hydration (10 
mL/kg bolus and 1.5 mL/kg/hour) in situations of acu-
te pancreatitis. There is moderate evidence that the use 
of aggressive hydration produces less multiorgan failure. 
The findings for mortality, adverse events, systemic in-
flammatory response syndrome (SIRS), mean stay, local 
complications, admission to ICU, risk of sepsis are con-
tradictory in the reviews evaluated, which share a low 
quality rating. However, there is greater consensus regar-
ding the use of Ringer lactate as first-line fluid therapy. In 
contrast, the use of an aggressive fluid therapy infusion 
strategy (mainly with Ringer lactate) in ERCP (endosco-
pic retrograde cholangiopancreatography) is associated 
with a lower risk of onset of pancreatitis, elevated amyla-
se, or onset of abdominal pain in the absence of major 
adverse events. The benefit remains irrespective of whe-
ther hydration is performed before or started during the 
procedure. 

Neurosurgery

In neurosurgical interventions, the use of hypertonic so-
lutions, specifically hypertonic saline, is likely to result in 
better outcomes as regards the reduction in intracranial 
pressure, and probably also mortality, compared with 
other fluid therapy alternatives. Hypernatraemia is the 
main adverse event. As recommended by the MAPAC 
initiative and the European Society for Intensive Care 
Medicine (ESICM), the use of hypotonic solutions in this 
type of patient is not recommended given the risk of on-
set of cerebral oedema. Colloids, including albumin, are 
also not recommended86,92. 

Internal Medicine

Acute pancreatitis

A study of the evidence available provides contradic-
tory results when comparing the use of aggressive hy-

Table 13. Neurosurgery. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY 
OBJECTIVES

2015103 HS Mannitol 4 368 Neurosurgery Intraoperative 
brain relaxation

2.25 
(1.32–3.81) - 53% VF

2015103 HS Mannitol 4 149 Neurosurgery
Intraoperative 

intracranial 
pressure

MD –2.51
 (–3.09, –1.93)* - 29%

2016104 HS Mannitol  
or SS 0.9% 4 1,638 Neurosurgery Mortality 0.96 

(0.83–1.11) - 0%
 

2016104 HS Mannitol  
or SS 0.9% 6 532 Neurosurgery

Control 
intracranial 

pressure

WMD –0.39 
(–3.78, 2.99) - 0%

2019105 HS Mannitol 11 418 Neurosurgery
Maximum 

reduction in 
ICP

MD –0.16    
(–0.59, 0.27) - 30% Control ICP, 

osmolality level

202081 HS Albumin 4 1,970 Neurosurgery Mortality 0.55 
(0.35–0.87) Very low

2020106 HS Mannitol 2 85 Neurosurgery Mortality 
6 months

0.84 
(0.46-1.55) Very low 0% AEs not 

recorded

2023107 Hypertonic      
(>308 mmosm) Isotonic 10 1,883 Neurosurgery Hospital

mortality
0.68 

(0.54–0.85) - 0%

(*) mmHg. AE Adverse event. AKF Acute kidney failure. CI Confidence interval. FV Fluid volume. HES Hydroxyethyl starch. HS Hypertonic saline. ICP In-
tracranial pressure. ICU Intensive care unit. MD Mean difference. MS Mean stay. RCT Randomised clinical trial. RR Relative risk. SS Saline solution. WMD 
Weighted mean difference.

MS, MS ICU,
hypernatraemia,

  AE

ICP,
neurological 

outcome
at 90 days,

hypernatraemia,
  AKF
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Heart failure

In situations of decompensated heart failure, the com-
bination of hypertonic saline (100–150 mL HS 1.7–4.6% 
in 30–60 minutes) with furosemide produces better out-
comes in terms of mortality, hospital readmission due to 
heart failure, kidney function, weight loss and mean hos-
pital stay than furosemide alone.

Diabetic ketoacidosis

In the event of diabetic ketoacidosis, balanced crystalloid 
solutions appear to allow faster recovery from ketoacido-
sis than saline 0.9%.

Table 14. Acute pancreatitis and ERCP. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY  
OBJECTIVES

2021108 RL SS 0.9% 4 248 Acute 
pancreatitis

Moderate/
severe 

pancreatitis

0.49
(0.25–0.97) Low 0%

MS, SIRS, AE and 
local complications, 

admission to ICU

2021109 RL SS 0.9% 6 549 Acute 
pancreatitis Mortality 0.73

(0.31-1.69) - 10%

Admission to ICU, 
mortality, SIRS at 24 

h, respiratory distress, 
AKF, pancreatic 

necrosis

2022110 Aggressive 
hydration

Standard 
hydration 4 339 Acute 

pancreatitis Mortality 2.88 (1.41–5.88) Low 0%

2022111 RL SS 0.9% 6 549 Acute 
pancreatitis SIRS 0.59

(0.22–1.62) - 48%

Admission to ICU, 
mortality, moderate/
severe pancreatitis, 
pancreatic necrosis, 
multiorgan failure, 
nutritional support, 
invasive treatment

2022112 Aggressive 
hydration

Standard 
hydration 3 204 Acute 

pancreatitis

Clinical 
improvement 

at 36 h

1.33
(0.95–1.87) Very low 58% MS, abdominal pain

2022112 Aggressive 
hydration

Standard 
hydration 5 370 Acute 

pancreatitis SIRS 0.48
(0.31-0.72) Low 22%

2022112 Aggressive 
hydration

Standard 
hydration 3 266 Acute 

pancreatitis
Multiorgan 
dysfunction

0.34
(0.13–0.91) Moderate 0%

2017113 Aggressive 
hydration

Standard 
hydration RL 7 1,047 ERCP Pancreatitis 0.46

(0.23–0.95) Moderate 46% Hyperamylasaemia, 
AE

2021114 Aggressive 
hydration

Standard 
hydration RL 7 1,227 ERCP Pancreatitis 0.41

(0.27-0.62) - 59% Hyperamylasaemia, 
abdominal pain

2022115 Aggressive 
hydration

Standard 
hydration RL 10 2,200 ERCP Pancreatitis 0.40

(0.26–0.63) Moderate 43%
Hyperamylasaemia, 
abdominal pain, fluid 

overload

AE Adverse events. AKF Acute kidney failure. ERCP Endoscopic retrograde cholangiopancreatography. IC Confidence interval. ICU Intensive care unit. 
MS Mean stay. RCT Randomised clinical trial. RL Ringer lactate. RR Relative risk. SIRS Systemic inflammatory response syndrome. SS Saline solution. 

Table 15. Diabetic ketoacidosis.

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY  
OBJECTIVES

2021*116 Plasmalyte® SS 0.9% 1 90 Diabetic 
ketoacidosis

Increase base 
excess 48 h 3.93 (0.73–21.16) Significant  

at 24 h

2023*117 Plasmalyte® SS 0.9% 1 84 Diabetic 
ketoacidosis Admission to ICU 0.73 (0.13–4.16)

2022118 Balanced SS 0.9% 3 316 Diabetic 
ketoacidosis

Time to 
resolution HR 1.46 (1.10–1.94) Moderate 12%

(*) CI Confidence interval. HR Hazard ratio. ICU Intensive care unit. RCT Randomised clinical trial. RR Relative risk. SS Saline solution 

AE, Sepsis
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Acute respiratory distress

There is insufficient evidence to recommend the use of 
albumin rather than crystalloids in patients with acute 
respiratory distress. In a single systematic review invol-
ving a limited number of patients, the majority of benefits 
were for secondary variables.

Cerebrovascular accident (CVA)

A single systematic review (2 of 12 studies performed 
with HES as comparator) did not find any improvement 
in terms of mortality outcome with the use of colloids 
compared with the use of crystalloids in the event of 
CVA.

Table 16. Heart failure. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY  
OBJECTIVES

2011119 HS+ 
Furosemide Furosemide 4 2,032 Heart failure Readmission 

due to aHF
0.63 

(0.44–0.90) – 72%

2014120 HS+ 
Furosemide Furosemide 5 2.064 Heart failure Mortality 0.56  

(0.41-0.76) – 43%

Readmission due to 
HF, MS, weight loss, 
improvement kidney 

function

2015120 HS+ 
Furosemide Furosemide 5 2.064 Heart failure Mortality 0.57  

(0.44-0.74) – 65%

Readmission due to 
HF, MS, weight loss, 
improvement kidney 

function

2021121 HS+ 
Furosemide Furosemide 6 2.298 Heart failure Mortality 0.55  

(0.46-0.67) Moderada 12%

MS, improvement 
kidney function, 
sodium increase, 
natriuresis, daily 

diuresis, weight loss

2021121 HS+ 
Furosemide Furosemide 4 2.032 Heart failure Readmission 

due to aHF
0.50 

(0.33–0.76) Moderada 61%

2021122 HS+ 
Furosemide Furosemide 5 2.338 Heart failure Long-term 

mortality
0.55 

(0.47–0.65) – 0%

Readmission 
due to HF, MS, 

improvement kidney 
function, natriuresis, 

daily diuresis, 
weight loss

AE Adverse event. aHF Acute heart failure. AKF Acute kidney failure. CI Confidence interval. HS Hypertonic saline. ICU Intensive care unit. MS Mean stay. 
RCT Randomised clinical trial. RR Relative risk. 

Table 17. Cerebrovascular accident. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY  
OBJECTIVES

2015123 Colloids Crystalloids 12 2,351 CVA Mortality 1.02 (0.82–1.27) Moderate 24% Pulmonary oedema

CI Confidence interval. RCT Randomised clinical trial. RR Relative risk. 

Table 18. Respiratory distress. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTI-

VES

DIFFERENCES
(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY  
OBJECTIVES

2014124 Albumin Crystalloids 3 206
Acute 

respiratory 
distress

Mortality 0.89 (0.62–1.28) – 0% AKF, RRT, MS ICU

2014124 Albumin Crystalloids 3 206
Acute 

respiratory 
distress

PaO2/FiO2 WMD 56 mmHg; 
(47–66) – 0%

AKF Acute kidney failure. CI Confidence interval. DMP Weighted mean difference. ICU Intensive care unit. MS Mean stay. RR Relative risk. RRT Renal re-
placement therapy.



DRUGS AND THERAPEUTIC BULLETIN OF NAVARRE USE OF FLUID THERAPY IN CLINICAL PRACTICE 17

Crystalloids

Unbalanced

The main risk of saline 0.9% arises due to the excess 
chlorine (1.5-times higher than in plasma), which facili-
tates the onset of metabolic acidosis in the absence of 
a buffer to counterbalance this effect. Hyperchloraemia 
can also cause kidney failure as a result of a reduction in 
renal flow rate and renal cortical perfusion 57,135,136. This 
response is most commonly observed after administra-
tion of more than 2.5 litres of saline 0.9% per day (35 mL/
kg/d or 1.5 ml/kg/h approx.) in adult patients48,134,137. 

The infusion of hypotonic solutions, such as saline 0.45%, 
glucose serum or glucosaline, is associated with hypo-
natraemia134. 

The greatest risk with maintenance doses of hypotonic 
solutions, in turn, is the onset of hyponatraemia, especia-
lly in paediatric patients. The best option to minimise this 
is to use glucosaline solutions with a sodium concentra-
tion of 0.9%2. 

Paediatrics

In light of the results obtained, the population studied in 
the systematic reviews analysed was diverse. In gene-
ral, we can see a tendency to obtain better outcomes 
with balanced crystalloids versus saline 0.9% in severe 
disease or gastroenteritis-related dehydration; and with 
the use of isotonic serum (saline serum 0.9%, Hartmann 
solution) versus hypotonic solutions (glucose serum or 
glucosaline) as maintenance serum to prevent intrahos-
pital hyponatraemia. A bolus infusion appears to be as-
sociated with better mortality outcomes in septic shock 
compared with no bolus. 

Risks and side effects

Generally speaking, excess intravenous fluid therapy 
is associated with a risk of positive balance, which can 
cause interstitial oedema, cardiac, pulmonary or intesti-
nal dysfunction or dilutional coagulopathy and is a pre-
dictor for death at 60 days in patients with acute kidney 
failure or sepsis134.

Table 19. Paediatric patients. 

REF. INTERVENTION COMPARATOR RTC 
no.

No.  
PATIENTS

POPULATION PRIMARY  
OBJECTIVES

DIFFEREN-
CES

(RR; 95% CI)

EVIDENCE 
QUALITY

I2 SECONDARY  
OBJECTIVES

2001125 Expansion 
volume

No 
expansion 4 940 Preterm Mortality 1.11  

(0.88–1.40) – –

2005126 Crystalloids Colloids 2 30 Neonatal 
polycythaemia

Short-term 
physiological 

effects

1.36 
(0.38–4.89) Very low 0%

2015127 Isotonic Hypotonic 10 1,006 Hospitalisation Hyponatraemia 
48 h

0.50 
(0.40–0.62) – 0%

2019128 With dextrose Without 
dextrose 2 333 Extra-hospital 

dehydration Hospitalisation 0.83 
(0.62–1.10) – 0%

2021129 No bolus Bolus 7 5,337 Septic shock Mortality 0.74 
(0.62–0.88) High 0%

2022130 Rapid infusion Slow infusion 2 1.439 Diabetic 
ketoacidosis Resolution time SMD 1.42 

(0.28,  2.56) Very low 98%

2022131 Balanced SS 0.9% 3 162 Critical state
Mean change 
in bicarbonate 

24 h

MD 1.60 
(0.04–3.16) – 59% RRT, DV, DFMV, 

MS, Mortality

2023132 Balanced SS 0.9% 2 90
Acute diarrhoea 

with severe 
dehydration

Time in hospital MD –0.35 
(–0.6, –0.10) Moderate 0%

Higher pH, 
mortality, 

bicarbonate 
level, risk of 

hypokalaemia

2023133 Crystalloid 
supplements

Standard 
regimen 5 620 Surgery Postoperative 

vomiting
0.56 

(0.39–0.80) High 66%
Need for 

antiemetics, 
NAVO

AE Adverse event. CI Confidence interval. DFMV Days free from mechanical ventilation. DV Days with vasopressors. MS Mean stay. NAVO Nausea and vo-
miting. SMD Standardized mean difference. SS Saline solution. RCT Randomised clinical trial. RR Relative risk. RRT Renal replacement therapy. 

  Severe 
hyponatraemia,
hypernatraemia
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renal function, coagulopathy, bleeding and pruritus, with 
the risks associated with their use being greater than the 
benefit obtained27,28. Deposition in the skin is associated 
with the onset of pruritus as of the third week of infusion 
and this can persist for six months, or as long as 12–24 
months, with severe or very severe intensity in up to 80% 
of patients who received them142,143. This was greater than 
observed for saline 0.9% in all cases144,145. Dextran and 
gelatins are associated with a greater risk of anaphylactic 
reactions compared with albumin (less risk for gelatins) 
(RR: 2.32; 95% CI: 1.21–4.45)142. 

A summary of indications and contraindications for the 
solutions used most commonly in fluid therapy can be 
found in the following table.

Glucose serum 5% is not suitable for treating hypovo-
laemia. After infusion, only 10% of the quantity infused 
remains in the intravascular space. It is useful for pre-
venting endogenous catabolism and as an alternative to 
hypotonic solutions with risk of hyponatraemia, especia-
lly in children. Their adverse effects include the onset of 
hyponatraemia and hypokalaemia134.

Balanced

Stressful situations, such as those observed in hospitali-
sed patients, induce the secretion of ADH, which makes 
the elimination of hypotonic solutions such as Hartmann 
solution, Ringer lactate or hypotonic salines more difficult 
and increases the risk of causing a positive fluid balan-
ce and states of hyponatraemia, which may affect up to 
30% of such patients2. Indeed, SIADH is the leading cau-
se of hyponatraemia and can be observed on situations 
of euvolaemia138. These hypotonic solutions should also 
be avoided in the event of cerebral oedema139.

Solutions containing calcium (Ringer lactate or Hart-
mann solution) should not be mixed or administered 
concomitantly with bicarbonate or some drugs such as 
ceftriaxone given the risk of forming insoluble calcium 
salts and their precipitation49,140,141.

Plasmalyte® and Ringer lactate have an overall alkalif-
ying effect, therefore they should be used with caution 
in cases of hypocalcaemia, and their use should be avoi-
ded in cases of metabolic alkalosis, hypochloraemia and 
hyperkalaemia.

Colloids

As mentioned above, the scientific evidence available 
led the European Commission to withdraw colloid so-
lutions containing HES 6% (Voluven®, Isohes®, Volulyte®) 
from the market given the worst outcomes in terms of 

Solutions containing 
calcium (such as 

Ringer lactate) are 
contraindicated in 
combination with 

bicarbonate or 
ceftriaxone.
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Table 20. Indications and contraindications for solutions commonly used in fluid therapy. 

FLUID THERAPY INDICATIONS CONTRAINDICATIONS

Glucose serum Energy maintenance
Hyperkalaemia
Hypernatraemia

Hyponatraemia
Fluid maintenance
Hypokalaemia
Hyperlactacidaemia
Hyperglycaemia
Acute cerebrovascular accident

Glucosaline serum Energy maintenance
Hyperkalaemia
Hypernatraemia
Postoperative

Fluid overload
Hyperglycaemia
Hyponatraemia (paediatric)

Saline serum 0.45% Fluid maintenance
Hypernatraemia Postoperative
Hypokalaemia

Fluid overload

Saline serum 0.9% Fluid maintenance
Hypovolaemia
Hyponatraemia
Metabolic alkalosis
Hypokalaemia
Acute cerebrovascular accident

Hyperchloraemic metabolic acidosis
Kidney failure
Fluid overload
Hypernatraemia
HBP 
Hepatic cirrhosis

Hypertonic saline Intracraneal disease
Heart failure with furosemide
Acute hyponatraemia

Hypernatraemia
Kidney failure
Hepatic cirrhosis

Ringer lactate Surgery
Trauma
Diabetic ketoacidosis
Major burns
Acute pancreatitis

Severe metabolic alkalosis
Lactic acidosis
Severe hyperkalaemia
Risk of cerebral oedema
Co-administration with citrate
Co-administration with bicarbonate
Co-administration with ceftriaxone
Liver failure

Plasmalyte Diabetic ketoacidosis
Lactic acidosis
Hypernatraemia hypokalaemia
Acute pancreatitis

Hyperkalaemia
Kidney failure
Heart block
Metabolic or respiratory alkalosis
Hypochlorhydria

Albumin Hypovolaemia and major burns
(after infusion of crystalloids)

Severe heart failure
Severe anaemia
Simultaneous blood transfusion

Synthetic colloids Haemorrhagic hypovolaemia
(after infusion of crystalloids)

Anaphylaxis
Pruritus
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No perfectly physiological intravenous solution is 
currently available.

Saline 0.9%, known as “normal saline” or “physio-
logical saline” is neither normal nor physiological 
in comparison with plasma.

The use of colloids does not show any clinical 
benefit with respect to crystalloids in situations 
of hypovolaemic shock or hypovolaemia, severe 
sepsis, severe trauma, heart surgery, respiratory 
distress or CVA.

The use of balanced crystalloid solutions rather 
than unbalanced crystalloids is associated with 
lower mortality in situations of severe sepsis, but 
not in other critical patients. Similarly, balanced 
solutions allow faster recovery than saline 0.9% 
in situations of diabetic ketoacidosis.

The fluid therapy of choice in major burn patients 
is crystalloids (hypertonic saline or Plasmalyte®). 
The use of albumin is associated with a higher 
mortality.

In the case of non-cardiac surgery, the use of ba-
lanced crystalloids does not provide a clinical be-
nefit compared with unbalanced solutions. Su-
pplementation with crystalloids is associated 
with a reduction in postoperative nausea and vo-
miting compared with the standard dose.

In neurosurgical interventions, the use of hyper-
tonic solutions, specifically hypertonic saline, 
appears to lead to better outcomes as regards the 
reduction of intracranial pressure, and probably 
also mortality, than other fluid therapy alternati-
ves.

In situations of acute pancreatitis and ERCP, the 
use of aggressive hydration, preferably with lacta-
ted Ringer’s solution, leads to better health outco-
mes than standard hydration. 

In situations of decompensated heart failure, the 
combination of hypertonic saline with furosemi-
de leads to better outcomes than the use of furo-
semide alone.

In paediatric patients, the use of crystalloids is 
associated with better health outcomes in severe 
disease or dehydration than the use of unbalan-
ced crystalloids. However, isotonic solutions (sa-
line 0.9% or Hartmann) are preferred for mainte-
nance to prevent intrahospital hyponatraemia. A 
bolus infusion appears to be associated with bet-
ter mortality outcomes in septic shock compared 
with no bolus.

Fluid therapy is not risk-free, therefore the need 
for such therapy must be evaluated periodically.

In general, synthetic colloids are associated with 
a higher risk of anaphylactic reactions than albu-
min.

Conclusions
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