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IFA Commentary (MLNGM)
The plasma oncotic pressure, which is primarily determined by endogenous albu-
min, is a critical factor in maintaining fluid balance and microvascular fluid dynam-
ics. In addition to its contribution to oncotic pressure, albumin plays a crucial role in 
endothelial glycocalyx layer function, which affects fluid dynamics in the microvas-
culature. While some studies have suggested that albumin may be useful for fluid 
resuscitation in patients with sepsis and septic shock, the evidence supporting this 
approach is largely based on post-hoc analysis, rather than predefined studies. 
Furthermore, the use of albumin is associated with a significantly higher cost com-
pared to crystalloids, and its efficacy remains controversial due to a lack of sound 
clinical evidence. Ongoing randomised trials, such as the ALBumin Italian Outcome 
Septic Shock-BALANCED Trial (ALBIOSS-BALANCED) and the albumin 
replacement therapy in septic shock (ARISS), may provide more definitive answers 
to these issues.

While the role of albumin in sepsis remains a matter of debate, it has a well-
established role in the management of patients with decompensated cirrhosis and 
complications such as hepatorenal syndrome, spontaneous bacterial peritonitis, and 
large volume paracentesis. In these patients, albumin infusion is a critical compo-
nent of treatment and has been shown to improve outcomes. Additionally, albumin 
has been used in other clinical scenarios such as cardiac surgery, burns, and trauma, 
where it may help to maintain oncotic pressure and prevent fluid shifts. However, 
further studies are needed to determine the optimal dosing and duration of albumin 
therapy in these contexts. Despite some controversies, albumin remains an impor-
tant therapeutic option in critical care, and ongoing research is likely to refine our 
understanding of its role in fluid management.

A recent paper addresses 10 myths about albumin therapy (Fig. 10.1).
Myth #1. Albumin leaks from the intravascular space into the interstitial compart-

ment and contributes to oedema.
No, it does not.
Myth #2. Albumin is less effective for intravascular volume expansion than artificial 

colloids.
No, it is more effective.
Myth #3. Albumin administration prevents acute kidney injury.
Yes, in specific settings.
Myth #4. Albumin improves survival in sepsis.
Maybe, but it is still uncertain.
Myth #5. Albumin improves the effects of diuretics.
Yes, but only temporarily.
Myth #6. Albumin administration improves fluid removal during KRT.
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Learning Objectives
In this chapter, we will learn the physiology of albumin and the relation of hypoal-
buminemia to clinically meaningful outcomes. We will review the evidence on 
plasma expansion with exogenous albumin in different indications.

Yes, it does.
Myth #7. Albumin decreases mortality in liver cirrhosis.
Yes, but only in specific subgroups.
Myth #8. Albumin increases mortality in traumatic brain injury (TBI).
Maybe, but we are not sure.
Myth #9. Albumin substitution to correct hypoalbuminemia from all causes reduces 

mortality.
No, it does not.

Fig. 10.1  Albumin therapy in critical care. (Adapted from Joannidis M. et al. [1])
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�Introduction

Endogenous albumin is the most abundant plasma protein in the body. It has various func-
tions (antioxidant and anti-inflammatory), restores vascular endothelial integrity, pre-
serves and restores endothelial glycocalyx, helps in intravascular buffering, and the 
transport, distribution, and metabolism of various protein-bound drugs [1, 2]. Albumin 
plays a crucial role in maintaining the integrity of glycocalyx scaffold. Hypoalbuminemia 
defined as serum albumin <35 g/L is commonly observed in the critically ill.

The pathophysiological explanation of hypoalbuminemia during critical illness is com-
plex and multifactorial. It involves reduced synthesis or malnutrition, increased loss (cap-
illary leak, renal loss, protein-losing enteropathy), and/or increased catabolism [3].

Various observational studies explored the association between hypoalbuminemia and 
outcomes. In a meta-analysis of 90 cohort studies and five controlled trials, including 
291,968 patients, hypoalbuminemia was an independent predictor of worse outcomes. Each 
10 g/L drop in serum albumin was associated with a higher risk of mortality (137%), mor-
bidity (89%), ICU or hospital length of stay (28% and 71%, respectively), and increased 
resource utilisation (66%). Exogenous albumin administration reduced the incidence of 
complications when targeting serum albumin concentrations of more than 30 g/L. However, 
the authors recommended prospective well-designed trials to verify the therapeutic effect of 
exogenous albumin in patients with hypoalbuminemia [4]. Intravenous (IV) exogenous 
albumin is often used in the intensive care unit (ICU) for various indications, from resusci-
tation to deresuscitation [5]. However, the evidence on the use of exogenous albumin as a 
plasma expander is conflicting. In this chapter, we will review the pharmacokinetics of 
albumin and the use of exogenous albumin for plasma expansion and other indications. 

Case Vignette
A 46-year-old female, 76 kg, with a history of inflammatory bowel disease, pre-
sented with pain in the abdomen for three days. On examination, she was anxious, 
with cold extremities, dry oral mucosa, heart rate of 132/min, and blood pressure 
(BP) of 78/46 mmHg. She was resuscitated with crystalloids (0.9% sodium chloride 
and Plasma-Lyte™). Despite, fluid resuscitation with 4.5 L crystalloids, norepineph-
rine 0.4 μg/kg/min, and vasopressin 0.04 units/min, she stayed hypotensive (MAP 
60 mmHg); arterial blood gas showed metabolic acidosis with lactates 4.6. Passive 
leg raising test using pulse pressure variation confirmed fluid responsiveness.

Questions
Q1: Which intravenous fluids will you use for further resuscitation of this patient?
Q2: What will be the end points of resuscitation?
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More information on crystalloid solutions can be found in Chap. 9, while  
other colloid solutions like starches and gelatins are discussed in Chap. 11.

�Albumin in Health

The human albumin accounts for 50–60% of plasma protein with a median half-life of 
18–19  days. Albumin contributes to 70–80% of intravascular colloid oncotic pressure. 
Albumin is a negatively charged molecule constituted by 585 amino acids in a single poly-
peptide chain with a molecular weight of 66.5 KDa. Disulphide bridges provide structural 
resilience to the albumin; denaturation only occurs at highly abnormal conditions (extreme 
of temperature, pH, or chemical environment).

Serum albumin concentration depends on factors like rate of synthesis, degradation, 
and distribution in body compartments. The albumin pool measures about 3.5–5.0 g/kg/
body weight, nearly 40% intravascular. The distribution half-time of endogenous albumin 
is 15 hours. Intravascular albumin leaks into the extravascular space at a rate of 5% per 
hour, known as transcapillary escape rate (TER). However, most of the leaked albumin is 
absorbed via the lymphatic systems and enters back in the blood. Small amount of albumin 
is lost in the gastrointestinal tract (1  g/day) and minimally through normal kidneys 
(10–20 mg/day).

In a normal state, around 9–14 g of albumin is synthesised daily by the liver and released 
in portal circulation. The liver has a limited capacity to increase the synthesis (by 2–2.7 
times) and primarily depends on nutritional intake. Fasting decreases synthesis and insulin 
in combination with corticosteroids increase synthesis. However, corticosteroid plays a 
complex role in albumin metabolism as it increases its catabolism too.

Nearly 5% of albumin is degraded daily, with a turnover of around 9–14 g/day. The 
degradation occurs in most organs of the body, muscle, and skin (40–60%), liver (15%), 
kidneys, gastrointestinal tract, and others (10% each) .

Albumin plays a crucial role in microvascular fluid dynamics [6]. Greater understand-
ing of the glycocalyx and its impact on fluid dynamics has challenged the “Starling equa-
tion” of protein-based transcapillary fluid exchange. The intravascular functional barrier is 
constituted by endothelial glycocalyx (made up of peptidoglycans, syndecan and glypi-
can, glycoproteins, and plasma constituents, including albumin). The glycocalyx gets 
damaged during inflammation, sepsis, and trauma.

In healthy volunteers, 20% IV albumin administration causes significant plasma expan-
sion via recruitment of interstitium. The plasma volume expansion peaks at 20  mins 
post-infusion and lasts beyond 5 h [7]. The low-concentration (4 to 5%) albumin can cause 
plasma expansion by approximately 80% of the administered volume and high-
concentration albumin by approximately 210% (20% albumin) to 260% (25% albumin) 
[8]. Theoretically, this may translate to one-fourth of 20% albumin compared to balanced 
crystalloids required for resuscitation.

10  The Case for Albumin as Volume Expander and beyond

https://doi.org/10.1007/978-3-031-42205-8_9
https://doi.org/10.1007/978-3-031-42205-8_111


232

�Albumin in Critical Illness

The critical illness alters the metabolism and distribution of endogenous albumin. During 
the early phase of illness, there is decreased synthesis and increased degradation, with 
altered distribution between body compartments. Inflammation, sepsis, and trauma 
decrease the rate of transcription of albumin mRNA. This may be due to a higher TER 
because of inflammatory damage to the endothelial barrier function and glycocalyx [1]. In 
septic shock, TER may increase by 300%, which saturates the absorption capacity of the 
lymphatic system. The pharmacokinetics of exogenous albumin is also altered in critically 
ill patients. The ratio of 4% albumin to 0.9% NaCl in the saline versus albumin fluid evalu-
ation (SAFE) study to achieve hemodynamic targets was 1:1.4 [9]. This may be due to a 
higher TER because of inflammatory damage to the endothelial barrier function and gly-
cocalyx [1].

�Evidence on Albumin as a Plasma Expander

The role of albumin for plasma expansion during resuscitation is a matter of investigation 
for decades. Physiological rationale of albumin as plasma expansion is supported by 
higher blood pressure, both early and later resuscitation points, higher filling pressures, 
and lower cumulative fluid balance with albumin [9–11].

In a 1998 Cochrane meta-analysis involving 30 randomised controlled trials (RCTs), 
albumin administration was linked to an increased risk of mortality in critically ill patients 
[12]. The pooled risk of death with albumin administration was 1.02 (95% CI 0.95 to 
1.16). In patients with hypovolemia, the pooled risk was 1.02 (95% CI 0.92 to 1.13). It 
influenced the practice around the world, especially in the United Kingdom. Since then, 
various large RCTs have evaluated the role of albumin for fluid resuscitation in the SAFE 
study, Early Albumin Resuscitation during Septic Shock (EARSS), or albumin replace-
ment (ALBIOS) study in patients with sepsis [8, 13, 14].

The SAFE trial from 16 centres in Australia and New Zealand involving 6997 patients 
compared 4% albumin vs 0.9% sodium chloride (NaCl) as a resuscitation fluid in a heter-
ogenous population of intensive care unit (ICU). No significant difference was found in 
day-28 mortality, duration of mechanical ventilation, need for renal replacement therapy, 
and length of ICU stay. A trend towards increased mortality was found with 4% albumin 
in the subgroup of patients with trauma (relative risk [RR] 1.36 [95% CI 0.99–1.86]; 
p = 0.06) [8]. Despite a mega RCT of 7000 patients, the study design had few issues. The 
study recruited a heterogenous population with mild to moderate severity of illness and 
recieved only a modest amount of fluid for replacement.

In a post-hoc analysis of the SAFE trial, statistically significant lower mortality was 
found with 4% albumin resuscitation in patients with severe sepsis (adjusted odds ratio 
0.71 (95% CI 0.52–0.97]) [15]. Hence, the SAFE study demonstrated the safety aspect of 
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administering exogenous albumin for fluid resuscitation and a trend towards benefit in 
patients with sepsis.

The multi-centre, open-label RCT (the EARSS study) from France, presented only in 
LIVES 2011, Berlin, Germany, comparing 20% albumin (8 hourly for 3 days) vs 0.9% 
NaCl, did not find any significant mortality difference between the two groups (24.1% vs 
26.3%). However, the vasopressor requirement was significantly lower in the albumin 
group [14].

The ALBIOS trial, involving 1818 patients, compared crystalloids vs crystalloids and 
20% albumin to correct hypoalbuminemia (targeting a serum albumin >30 gm/L or more) 
in the first 28 days of patients with sepsis and septic shock. The study design was different 
from the SAFE study and EARSS as end point of the study was the correction of albumin. 
There was no significant difference in day-28 and day-90 mortality [13]. The post-hoc 
analysis in patients with septic shock showed a significant 6.3% absolute reduction in 
mortality (43.6% vs 49.9%; RR: 0.87; 95% CI: 0.77–0.99) and quicker resolution of shock 
in the albumin group (3 vs 4 days, p = 0.007). The albumin group also had a lower cumula-
tive negative fluid balance (347 ml vs 1220 ml, p = 0.004) [15].

Subsequently, the meta-analysis, including these trials, showed mixed results.
The meta-analysis of 16 RCTs by Patel et al. yielded no difference in outcome with 

albumin vs control fluid. However, most of the trials (13 out of 16) included were small, 
with fewer than 60 patients [16]. In another meta-analysis of five RCTs, comparing albu-
min with crystalloid, a trend to lower day-90 mortality was reported in patients with severe 
sepsis (0.88; 95% CI: 0.76–1.01; P = 0.08) who received albumin, which was significantly 
lower in patients with septic shock (OR 0.81; 95% CI: 0.67– 0.97; P = 0.03) [17]. An 
exploratory meta-analysis by Wiedermann et al., including three large RCTs, found a sig-
nificant reduction in mortality with albumin use. However, this was not a formal meta-
analysis and may need further analysis [18].

Recently, the albumin role has been investigated in a specific population of patients 
with sepsis. A single-centre, double-blind RCT, the Lactated Ringer Versus Albumin in 
Early Sepsis Therapy (RASP) study, investigated the effects of 4% albumin and Ringer’s 
lactate compared to Ringer’s lactate alone in 360 cancer patients with sepsis. No signifi-
cant difference in day-28 (26% vs 22%) and day-90 (53% vs 46%) mortality was found 
between the groups and any other secondary outcomes [19].

In cirrhotic patients with sepsis, two single-centre RCTs investigated the role of albu-
min vs 0.9% NaCl (FRISC study) or Plasma-Lyte (ALPS study). The FRISC study 
reported significantly higher reversal of sepsis-induced hypotension, reduction of heart 
rate, lactate clearance, and lower day-7 mortality (38.3% vs 43.5%, p = 0.03), with 5% 
albumin resuscitation [20]. The ALPS study also reported a significantly higher proportion 
of patients attaining improvement in haemodynamics (mean arterial pressure of 65 mm hg 
or higher at 3 h) with 20% albumin compared to Plasma-Lyte (62% vs 22%). The albumin 
group also had higher lactate clearance. However, there was no difference in day-28 sur-
vival between the two groups [21].
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An open-label pilot study evaluated the role of 100 ml of 20% albumin bolus (up to two 
treatments) in postoperative cardiac surgery patients with a crystalloid fluid bolus. The 
albumin group was associated with less median fluid balance at 24  h (1100 vs 1970, 
p = 0.001), shorter time to cessation of vasopressors (17 vs 28 h, p = 0.002), and decreased 
overall vasopressors requirement in the first 24 h (19 vs 47 μg/kg/24 h, p = 0.025) [22]. 
Despite no significant effect on coagulation function and lower volume required for resus-
citation than 0.9% NaCl, albumin did not have any advantage over crystalloids in reducing 
mortality in patients with haemorrhagic shock [23]. The CRISTAL trial also failed to show 
any survival difference with colloids, including albumin [24].

�Timing of Albumin Administration during Resuscitation

In a recent meta-analysis, including 55 RCTs and 27,036 patients, comparing crystalloids 
vs colloids for fluid resuscitation in ICU, crystalloid was found to be less efficient than 
colloids, including albumin, in achieving haemodynamic stabilisation end points [9]. The 
Surviving Sepsis Campaign 2021 guidelines suggested using albumin for fluid resuscita-
tion in patients who received large volumes of crystalloid [25]. However, the optimal time 
to switch from crystalloids to albumin is still being determined. The SAFE and ALBIOS 
studies administered albumin within 28 days of randomisation and the RASP study within 
6 h of randomisation [8, 13, 18]. No RCT has evaluated the optimal timing of albumin 
administration during fluid resuscitation. Recently, an expert group from the Chinese 
Society of Critical Care Medicine gave consensus recommendations on the timing of albu-
min administration in patients with septic shock. They recommended albumin administra-
tion in fluid-responsive patients along with haemodynamically unstablity even after 
resuscitation with crystalloids. The haemodynamic instability was defined as (1) failure to 
maintain a MAP ≥65 mmHg, despite receiving at least 30 mL/kg crystalloids and norepi-
nephrine at a dose of ≥0.4 μg/kg/min, (2) frequent fluctuations in blood pressure, and (3) 
signs of apparent capillary leakage [2].

�Comparison of Different Strengths of Albumin

Different concentration of albumin was used in studies, low (4% or 5%) and high concen-
trations (20% or 25%). Low-concentration albumin was used in the SAFE, FRISC and 
RASP trials [9120,21], and high-concentration was used in the ALBIOS and ALPS trials 
[12, 21]. Evidence supports adverse outcomes in patients with a positive cumulative fluid 
balance after the first week of ICU admission. A proposition of “small-volume resuscita-
tion” using hyperoncotic albumin to reduce the total amount of fluid administered sparked 
interest in the ICU community. This utilises the oncotic properties of albumin to draw fluid 
from the interstitium and maximise the proportion of fluid staying in the intravascular 
compartment. A multi-centre RCT from Australia and the United Kingdom (the SWIPE 
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study) compared 20% albumin vs 5% albumin for fluid resuscitation. The cumulative fluid 
balance was lower in the 20% albumin group at 48h (median difference: −576 ml; 95% CI: 
−1033 to −119; p = 0.01). There was no significant difference in secondary outcomes like 
duration of mechanical ventilation, the need for renal replacement therapy, or proportions 
of patients discharged from ICU [26]. However, no adverse events were reported with 
hyperoncotic albumin, and authors recommended further exploration of “small-volume 
resuscitation” in larger RCTs.

A recent meta-analysis of 26,351 patients in 58 clinical trials indicated no significant 
difference in the fatality rate or amount of resuscitation fluid between patients with sepsis 
who were administered low- and high-concentration albumin solutions [27]. Both concen-
trations of albumin can be used for volume expansion. In a recent survey by the International 
Fluid Academy, including 1045 participants, 54% agreed to use 20% albumin and 49% 
agreed to use 5% albumin for sepsis [28].

�Albumin beyond Resuscitation

�Patients with Liver Disease

Critically ill patients with cirrhosis are often admitted to ICU with complications like 
variceal bleeding, hepatic encephalopathy, and hepatorenal syndrome (HRS). 
Hypoalbuminemia is a poor prognostic marker in patients with cirrhosis. However, rou-
tine replacement of albumin in patients with decompensated cirrhosis failed to show any 
survival benefit [29].

Replacement of albumin (the ANSWER study) after large-volume paracentesis (LVP) 
was found to have lower mortality (HR 0.62; 95% CI: 0.35–0.64) and risk of refractory 
ascites (HR 0.43; 95% CI: 0.29–0.62) [30]. However, subsequent meta-analysis found 
conflicting results on the survival benefit of albumin replacement [31, 32].

Combined treatment with albumin with terlipressin is effective for the treatment of 
acute kidney injury associated with HRS and superior to albumin alone or in combination 
with other vasoconstrictors like midodrine and octreotide [33]. For patients with spontane-
ous bacterial peritonitis, albumin replacement with antibiotics can reduce mortality and 
the risk of AKI [34]. In a recent RCT, terlipressin alone or in combination with albumin 
was found to be an alternative therapeutic option in high- risk SBP [35].

�Treatment of Hypoalbuminemia with Peripheral Oedema

In single-centre RCT, 20% albumin replacement to correct hypoalbuminemia (<31 g/dL) 
was associated with a greater improvement of organ failure compared to placebo [36]. 
Subsequent meta-analysis demonstrated that exogenous albumin administration in patients 
with hypoalbuminemia to achieve a serum albumin level > 30 g/L might be associated 
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with lesser morbidity [4]. However, the multicentre ALBOIS study failed to show any 
survival benefit with albumin replacement to correct hypoalbuminemia [14].

�Deresuscitation

Furosemide is commonly used in ICU for the treatment of fluid accumulation or peripheral 
oedema. However, hypoalbuminemia reduces the diuretic effect of the furosemide [37]. 
Combination of albumin and furosemide is synergistic in patients with hypoalbuminemia 
who need fluid removal. Two small trials have tested this combination for deresuscitation 
in patients with acute respiratory distress syndrome (ARDS). The retrospective case–con-
trol study, evaluated PAL (combination of PEEP, 20% albumin, and furosemide) treatment 
in patients with ARDS, and found a combination of albumin and furosemide was associ-
ated with improved clinical outcomes and lower net negative fluid balance, extravascular 
lung water, and intrabdominal pressure [38]. See Chap. 25.

In a small RCT of 40 patients, the intervention (albumin) group received a loading 
dose of 100 mL 25% albumin, followed by the initiation of a furosemide infusion. It 
was followed by 100 ml 25% albumin IV, repeated every 8 h for 3 days. The control 
group received 100 mL 0.9% saline every 8 h along with an infusion of furosemide. The 
albumin group had a significantly higher net negative fluid balance (−5480 mL vs 
−1490 mL) at the end of the study and greater improvement in their oxygenation 
index [39].

�Other Indications

Albumin is also considered for fluid resuscitation in a patient with burns and extracorpo-
real membrane oxygenation. Albumin has the theoretical advantage of reducing the net 
positive cumulative balance, replacing plasma protein lost because of increased capillary 
permeability. However, the evidence on albumin for the resuscitation of patients with 
burns is conflicting.

�Caution with the Use of Albumin

	1.	 High Sodium chloride load
Chloride-rich fluids administration has been linked to adverse outcomes in critically 

ill patients. Few commercial low-concentration albumin (4–5% albumin) solutions 
contain high sodium chloride. On the other hand, 20% albumin as a chloride-limited 
strategy was associated with a significantly lower incidence of hyperchloremia, despite 
no benefits in reducing adverse renal outcomes [40].

	2.	 Traumatic Brain Injury
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The post-hoc analysis of the SAFE trial (the SAFE-TBI study) involving 460 
patients with TBI found higher mortality with 4% albumin compared to 0.9% NaCl. 
Furthermore, in patients with intracranial pressure (ICP) monitoring, significantly 
higher ICP and more interventions were required in the albumin group. There was a 
higher proportion of deaths in the albumin group when the ICP monitoring was discon-
tinued within the first week (34.4% vs 17.4%, p = 0.006) [41]. However, higher mortal-
ity could result from hypotonic 4% albumin used in the SAFE study [42]. Hence, these 
findings need verification in well-planned RCTs, and at present it is pragmatic to avoid 
albumin in traumatic brain injury.

	3.	 Leakage of albumin and contributes to edema
Systemic inflammation associated with sepsis, trauma, and surgery can affect the endo-

thelial barrier function and glycocalyx. This may cause the extravascular leak of albumin 
through higher TER. However, albumin does not stay in the interstitium and re-enters the 
intravascular compartment through absorption into the lymphatic system. Leakage from 
pulmonary vessels and resulting pulmonary oedema depend on the transcapillary differ-
ence between oncotic and interstitial pressures. Exogenous albumin infusion can restore 
the oncotic pressure gradient because of hypoalbuminemia associated with sepsis [1].

	4.	 Adverse reactions related to blood products
Albumin is produced from pooled human plasma, and the same vigilance is required 

as other blood products, though pasteurisation during production reduces the risk of 
microbial transmission [43].

	5.	 Cost-benefit
The cost of albumin is nearly 40–80 times that of a crystalloid. In a cost–benefit analy-

sis based on the post-hoc analysis of the ALBIOS study in patients with sepsis, the num-
ber needed to treat is 16. The additional cost per life saved was $14,384 in 2017 [44].

Case Vignette
Q1: Which intravenous fluids will you use for further resuscitation of this patient?
A1: The patient is haemodynamically unstable and received 4.5 L of crystalloids for 

fluid resuscitation, and 20% albumin can be considered for further resuscitation 
if the patient continues to be haemodynamically unstable (MAP <65 mmHg) and 
fluid responsive.

Q2: What will be the end points of resuscitation?
A2: The end points of resuscitation can be haemodynamic end points (MAP 

≥65 mmHg) or fluid tolerance. Despite fluid-responsive state, if there is evidence 
of global increased permeability syndrome, vasopressors should be considered 
early to avoid fluid accumulation.
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Fig. 10.2  Different roles for albumin use in all phases of fluid management in ICU (resuscitation, 
stabilisation, optimisation, and deresuscitation)

�Conclusion

Albumin is the most promising plasma expander among colloids. The evidence supports 
the safety of albumin as a plasma expander in patients with septic shock and post-operative 
cardiac surgery. Albumin has different roles in all phases of fluid management in ICU 
(resuscitation, stabilisation, optimisation, and deresuscitation) (Fig.  10.2). Appropriate 
patient selection with cost–benefit analysis may justify its use. Despite reducing the 
administered volume of IV fluids, the evidence on mortality outcomes is inconclusive. In 
the era of precision-based medicine, exogenous albumin can be considered for plasma 
expansion in fluid-responsive patients who have received a considerable amount of crys-
talloids and/or hypoalbuminemia.
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Open Access  This chapter is licensed under the terms of the Creative Commons Attribution 4.0 
International License (http://creativecommons.org/licenses/by/4.0/), which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, as long as you give appropriate 
credit to the original author(s) and the source, provide a link to the Creative Commons license and 
indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's Creative 
Commons license, unless indicated otherwise in a credit line to the material. If material is not 
included in the chapter's Creative Commons license and your intended use is not permitted by statu-
tory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder.
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