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Introduction

Sepsis is defined as life-threatening organ dysfunction 
caused by a dysregulated immune response to infection.1 
Despite advanced treatments including organ support, 

this response may lead to damage and dysfunction of vital 
organ systems, which in turn may progress to multi-organ 
failure and death. Sepsis represents an increasing burden 
on healthcare systems, with over 19 million cases per year 
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globally, resulting in approximately 5 million deaths.2 
International clinical practice guidelines for the manage-
ment of sepsis recommend doctors urgently give intrave-
nous fluid to patients, however this strong recommendation 
is based on low quality evidence.3 There are also data 
linking the administration of excessive volumes of fluid 
with worse outcomes for patients with sepsis.4–6 In addi-
tion, there is very little evidence to guide clinicians in the 
choice of fluid to use. Salt solutions, known as crystal-
loids, are recommended in the first instance, but human 
albumin solution is suggested for patients with persistent 
evidence of hypoperfusion after receiving a large volume 
of fluid. Hyperoncotic albumin preparations are presented 
in lower (50–100 ml) volumes compared to their isotonic 
counterparts, their use is associated with lower fluid 
resuscitation requirements for critically ill patients.7

Unlike crystalloids, human albumin solutions may 
also possess beneficial effects beyond their expansion 
in intravascular volume.8 Albumin has a significant 
influence over the maintenance of vascular endothe-
lium, providing protection from inflammation and 
injury to lining of blood vessels (the glycocalyx). It also 
binds a range of endogenous and exogenous com-
pounds, allowing it to assist the transport, storage and 
clearance of a number of potentially harmful sub-
stances. These include the reactive oxygen and nitrogen 
species produced during states of systemic oxidative 
stress seen in sepsis.9,10

Despite many published systematic reviews of fluid 
therapy in critically ill patients, few concentrate specifi-
cally on hyperoncotic albumin solutions or patients with 
sepsis. A previous Cochrane review focussed specifi-
cally on albumin solutions for fluid resuscitation, but 
examined trials in both adults and children, with a vari-
ety of pathology and range of different albumin prepara-
tions (4%–25%).11 This review included data from 38 
trials, concluding there was no evidence for albumin in 
the reduction of mortality compared to crystalloid alter-
natives. Very few of these trials tested hyperoncotic 
albumin solutions and the authors acknowledged further 
research with this solution in spesis was warranted. 
Another systematic review specific to patients with sep-
sis only, found lower mortality rates for patients receiv-
ing albumin compared to other resuscitation fluids. 
However, it also included studies of a broad range of 
albumin preparations (4%–20%) and some manuscripts 
that have since been retracted from the published litera-
ture.12 The only systematic review specific for hyperon-
cotic albumin solutions included 7 (out of 20) studies of 
patients with sepsis. However, this review also included 
studies that have now been retracted and studies pub-
lished since the searches were completed could alter its 
findings.13

Accordingly, the objective of this systematic review 
was to identify the evidence for hyperoncotic albumin 
solutions in acutely ill hospitalised adults with a diagnosis 
of sepsis. Outcomes of interest included those measuring 
efficacy, safety and effectiveness.

Methods

Review protocol and registration

A formal protocol for this systematic review was prospec-
tively written and approved by all authors (see online sup-
porting information). This review is registered on the 
International prospective register of systematic reviews, 
hosted by the UK National Institute for Health Research 
(PROSEPERO ref: CRD42021150674).14

Eligibility criteria

Types of studies and participants.  The context of our 
review question was based on sepsis in human subjects. 
We therefore, included prospective randomised and non-
randomised trials that studied hospitalised adult patients 
with a diagnosis of sepsis. All clinical trials included a 
parallel control group. Non-clinical, non-human and ret-
rospective studies, along with case reports or narrative 
reviews were excluded. Systematic reviews were not 
included but were reference checked for studies relevant 
to this review.

As recognised definitions for sepsis have evolved 
over time, we accepted any of the previous published 
definitions1,15 or studies where authors stated patients 
had sepsis. Studies of broader populations that reported 
data for sub-groups of patients with sepsis were also con-
sidered for inclusion if a sepsis sub-group was a well-
defined and described as a proportion of the total cohort.

Types of interventions.  Studies were included if partici-
pants received intravenous hyperoncotic (⩾20% concen-
tration) albumin solution for their sepsis management. 
This included its use as both a resuscitation fluid (admin-
istered quickly to expand intravascular volume) or as a 
regular supplement. Comparator interventions could be 
any alternative fluid to hyperoncotic albumin.

Outcomes.  We did not limit our searches or eligibility cri-
teria to any specified outcome measures. Pre-specified 
outcomes we knew to be of clinical interest and identified 
through patient and public engagement, included meas-
ures of clinical effectiveness (mortality), measures of 
safety (acute kidney injury and need for renal replace-
ment therapies) and efficacy (cumulative fluid balance 
and need for organ support).

Search strategy.  In November 2022 the lead reviewer 
(JBS) performed structured computer searches of the 
medical literature including Medline, Embase, CINHAL 
and the CENTRAL Cochrane databases. Table S1 in the 
online supporting information outlines the structure and 
medical subject headings (MeSH) utilised for searches. 
All terms were searched for as ‘OR’ within columns and 
‘AND’ across columns (see Tables S1 and S2 in the online 
supporting information). We also performed searches of 
clinical trial registries (ClinicalTrials.gov and the WHO 
International Clinical Trials Registry Platform), along 
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with conference proceedings through Web of Science 
(BIOSIS Previews) and the grey literature via forward 
citation tracking through Google Scholar.

Screening, data extraction and assessment of risk of bias.  All 
search results were imported into EndNote for automated 
duplicate removal, before export into an online system-
atic review manager (Rayyan: https://www.rayyan.ai/). 
Two reviewers (JBS & ME) independently screened both 
study abstracts, and full text studies for inclusion. Any 
discrepancies or disagreements were resolved through 
consultation with a third reviewer (TWF).

The lead reviewers (JBS and ME) performed critical 
appraisal of full text articles using the Cochrane Risk of 
Bias 2 tool.16 Risk of bias was assessed across the domains 
of: randomisation, protocol deviations, missing outcome 
data, outcome measurement and selective reporting. An 
overall risk of bias assessment was determined for each 
included study. All data were extracted using a structured 
data collection tool, based on the Cochrane Handbook for 
Systematic Reviews and piloted by reviewers prior to 
study screening.17 Relevant data were input and analysed 
in RevMan (Review Manager [Computer programme]. 
Version 5.4.1, The Cochrane Collaboration, 2020.).

Data analysis

Binary variables such as mortality were calculated as odds 
ratios (ORs) with 95% confidence intervals (CIs). 
Continuous variables were calculated as mean differences 
(MDs) with CIs. Medians were converted to mean values 
using the method reported by Wan et al.18 Confidence inter-
vals were calculated using the WALD method. Data from 
studies reporting consistent outcomes at similar time-points 
were pooled for meta-analysis in RevMan. Data for com-
parator groups were synthesised so long as participants had 
not received any albumin. Statistical heterogeneity was 
assessed using the between-study variance (τ2), I2 statistic 
and hypothesis test for heterogeneity, with values >50% for 
I2 and a significance level of p < 0.1 considered to indicate 
significant heterogeneity. Analyses were performed using 
both random (using DerSimonian and Laird methods) and 
fixed effect models (using generic inverse variance meth-
ods), except where between-study heterogeneity for an out-
come was 0 and analysis therefore reverted to a fixed effect 
model.19 To pool data across studies using inverse variance 
methods, the data are transformed on to an additive scale 
using the natural logarithm.20 Publication bias was assessed 
using funnel plots and explored using trim and fill methods 
where applicable.17 Due to a lack of studies included in the 
meta-analysis, subgroup analyses were not explored. For 
outcomes where it was not possible to pool data, individual 
effect estimates for such studies are reported where availa-
ble and included in a narrative synthesis.

Quality of evidence

Following meta-analysis, an assessment of certainty of 
evidence was conducted for mortality as a measure of 

effectiveness; need for renal replacement therapy for 
safety; and cumulative fluid balance, dependence on 
mechanical ventilation and duration of shock as meas-
ures of efficacy. This was performed using the GRADE 
principles (Grades of Recommendation, Assessment, 
Development and Evaluation), deriving a rating of the 
evidence as either: high, moderate, low or very low.21 We 
used the GRADEpro Guideline Development Tool to 
produce a summary of findings table, illustrating the 
overall certainty of evidence on the influence of hyper-
oncotic albumin on the outcomes analysed (GRADEpro 
Guideline Development Tool [Software]. McMaster 
University and Evidence Prime, 2022. Available from 
gradepro.org). Certainty of evidence was assessed across 
several domains including: risk of bias, inconsistency, 
indirectness, imprecision and publication bias.

Results

Literature search

Our searches identified a total of 2522 results (Figure 1). 
Removal of duplicates (n = 496) through EndNote and 
abstract screening in Rayyan (n = 2016) resulted in 10 
studies proceeding to full-text review. Four articles were 
excluded following full-text review for the reasons listed 
in Figure 1.22–25 Of the six included studies, four reported 
data suitable for pooling and meta-analysis for the out-
comes of 28-day mortality, need for renal replacement 
therapy (safety) and cumulative fluid balance.26–29 The 
remaining two were deemed relevant to our review ques-
tion and therefore included in Table 1 and the narrative of 
our results.25,30,31

Study characteristics and risk of bias

The characteristics of studies included in our review are 
summarised in Table 1. All studies were prospective inter-
ventional trials that included a parallel control group. 
Allocation to treatment groups was random in all studies. 
The number of participants with sepsis enrolled ranged 
from 35 to 1818. Four studies exclusively recruited adults 
with sepsis or septic shock.25–29 Annane et  al.30 and 
Martensson et al.31 studied broader populations of adults 
requiring fluid resuscitation, of which 1553 (54%) and 35 
(11%) had a diagnosis of sepsis respectively. Patients 
allocated to experimental groups received 20% human 
albumin solutions across all studies apart from Annane 
et al. where the interventional group received various col-
loid solutions. About 201 (14%) patients in the colloid 
arm received 20% albumin in this study, which also suf-
fered from significant contamination through albumin use 
in the crystalloid control group. Those allocated to study 
control groups received a mixture of comparator fluids, 
including crystalloids (n = 5), starch solutions (n = 1), and 
isotonic albumin (n = 2). The longest reported follow-up 
period was 90 days.

A summary of risk of bias assessments is illustrated 
in Figure 2. Four studies were found to have some 

https://www.rayyan.ai/


Bannard-Smith et al.	 311

concerns or be at a high risk of bias.27–30 Caironi et al.26 
and Martensson et al.31 were deemed to have an overall 
low risk of bias, but still presented concerns around 
blinding of the study interventions. Sources of bias for 
all studies were mainly around blinding, adherence to 
the intervention, or outcome measurement. Most study 
authors acknowledged lack of blinding as a source of 
bias, but cited the practical difficulties in blinding albu-
min infusions, as the solutions are presented in glass 
bottles, whereas most comparator fluids are presented in 
plastic containers. There were either some concerns, or 
a low risk of bias concerning the domains of missing 
data and selective outcome reporting.

Outcomes of clinical effectiveness

Mortality data were available for six studies, four of 
which reported at the same time point of 28-days after 
enrolment.24–27 The pooled odds ratio (OR) for 28-day 
mortality in these four studies was 0.95 [95% CI: 0.8–
1.12] (Figure 3(a)). Pooled data limited to studies or sub-
groups of patients with septic shock resulted in an OR for 

28-day mortality of 0.82 [95% CI: 0.68–0.98] (Figure 4). 
Statistical heterogeneity was low (I2 = 0%) across all com-
parisons. The certainty of evidence concerning 28-day 
mortality was graded as low (Table 2) for patients with 
sepsis. Levels of certainty were downgraded due to risk of 
bias caused by a lack of blinding in all trials, and point 
estimates of effect being largest in the smallest studies. 
The certainty of evidence for the sub-group analysis in 
patients with septic shock was graded as moderate; the 
point estimates were more consistent and precise when 
limited to these high-risk patients despite lower numbers 
of participants (Figure 4). A funnel plot for 28-day mor-
tality revealed some asymmetry, suggesting some risk of 
publication bias (see Figures S1–S3 in the online support-
ing information).

Anane et al.’s28 CRYSTAL trial reported mortality at 
both 28 and 90-days, but raw data for those patients 
receiving hyperoncotic albumin were not available. 
Martensson et  al. reported survival at ICU and hospital 
discharge. Survival to ICU discharge was higher in 
patients receiving 20% albumin (RR 1.07 [95% CI: 1.01–
1.13]), however this was for a mixed population of 

Figure 1.  PRISMA flow diagram. PRISMA, preferred reporting items for systematic reviews and meta-analyses.
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Figure 2.  Risk of bias assessments for included studies. Outcomes assessed: 28d Mort: mortality 28-days after enrolment; CFB: 
cumulative fluid balance.

Figure 3.  Forest plots for pair-wise comparisons of outcome measures of efficacy (28-day mortality) and safety (need for renal 
replacement therapy & cumulative fluid balance): (a) 28-day mortality, (b) need for renal replacement therapy, and (c) cumulative 
fluid balance.

Figure 4.  Forrest plot for pair-wise comparisons of 28-day mortality in sub-groups of patients with septic shock.
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critically ill patients. Survival in both groups was >90%, 
illustrating the broad low-risk population enrolled into 
the trial. Mortality data for the sub-groups (n = 35) of 
patients who had sepsis were not reported.29

Safety outcomes

Adverse renal events.  There is low certainty evidence of no 
difference in need for RRT between the groups, based on 
data from three trials, of which two were suitable for pool-
ing (OR 0.91 [95% CI: 0.45–1.85], see Figure 3(b)).24,27 
As with mortality, data from Annane et al.’s28 CRYSTAL 
trial did not report renal outcomes for the group receiving 
hyperoncotic albumin. Renal safety outcomes were vul-
nerable to bias due to the heterogeneity of populations and 
the duration of the hyperoncotic albumin intervention. 
Point estimates were inconsistent and imprecise when 
pooled, leading to downgrading certainty of evidence to 
low. Martensson et al. also reported similar-albeit low-risk 
for renal replacement therapy in patients receiving 20% 
versus 4%–5% albumin solutions (RR 0.79 [95% CI: 
0.25–2.42]).

Other measures of safety.  Maiwall et al.29 reported signifi-
cant declines in oxygenation (PaO2/FiO2 ratio) for patients 
receiving hyperoncotic albumin compared to plasmalyte, 
resulting in discontinuation of the trial drug in 11 (22%) 
patients. Caironi et  al.26 also reported detailed data on 
organ failure scores, but found no difference in measures 
of oxygenation between treatment groups. Dolecek et al.28 
reported extravascular lung water fell following adminis-
tration of hyperoncotic albumin, but found no associated 
impact on oxygenation (PaO2/FiO2 ratio).

Efficacy outcomes

Fluid volumes.  Cumulative fluid balance was reported in 
four studies.24,26,27,29 Martensson et al. reported early CFB 
at 48 h to be lower in those receiving 20% albumin, but as 
the sample included patients without sepsis these data 
were not suitable for pooling. Caironi et al., Dolecek et al. 
and Maiwall et al. reported CFB data at 7 days, 3 days and 
24 hours after enrolment respectively. Acknowledging 
this source of heterogeneity (I2 = 95%), Figure 3(c) illus-
trates the forest plot for meta-analysis of these data, 
revealing nearly 2 L lower CFB value for patients receiv-
ing hyperoncotic albumin compared to non-albumin con-
trol fluids (Mean difference: −1.91 L [95% CI: −3.81 to 
−0.11]). Evidence for effect on cumulative fluid balance 
was downgraded to very low due to heterogeneity of its 
measurement time-point and potential for confounding. 
The two studies utilising hyperoncotic albumin as a resus-
citation fluid (as opposed to a regular supplement) both 
reported lower total fluid resuscitation volumes in patients 
receiving hyperoncotic albumin.25,30,31

Dependence on organ support.  Four studies reported data 
concerning patients’ dependence on artificial organ sup-
port.24–27 These outcomes included time dependent on 

mechanical ventilation and various measures of cardio-
vascular support, including duration of shock and time 
free from vasopressors at day 28. All studies utilised dif-
ferent definitions and methods of measurement for these 
outcomes. Caironi et  al., Dolecek et  al. and Maiwall 
et al. all reported no significant difference in the need or 
duration of mechanical ventilation between groups. 
Grading of evidence for this outcome was low, down-
graded due to risk of bias arising from lack of blinding 
and differences in measuring dependence on respiratory 
support across studies. Three studies reported outcomes 
on cardiovascular support, the definitions of which 
included time to suspension of vasopressors,26 norepe-
nepherine dose requirements29 and catecholamine-free 
days until day 28.27 All studies found these outcomes 
more favourable, -that is, shorter period of cardiovascu-
lar support- for patients receiving hyperoncotic albumin. 
The certainty of this evidence was graded as moderate, 
principally due to differences in outcome measurement 
and lack of blinding. Reviewers noted there may-be a 
dose-response relationship between duration of the 
intervention and dependence on cardiovascular support, 
with studies administering the largest doses of hyperon-
cotic albumin to trial participants, reporting the greatest 
effect on duration of cardiovascular support.

Discussion

To our knowledge this is the first systematic review and 
meta-analysis specifically focussing on the efficacy, 
safety and effectiveness of hyperoncotic albumin solu-
tions in the management of adults with sepsis. Two previ-
ous reviews have considered a range of albumin 
preparations (4%–20% strength solutions) in patients 
with sepsis, reporting similar weak evidence for reduced 
mortality in albumin groups.12,32 The 2011 review by 
Delaney et  al.12 included articles that have since been 
retracted from the literature, and many of these studies 
administered starch solutions to those in the comparator 
arms, which have since been shown to increase mortality 
in sepsis.33–35 Xu et al.32 and colleagues conducted a more 
recent review of studies testing a variety of albumin solu-
tions ranging from 4% to 20% in patients with sepsis. 
Their meta-analysis revealed a trend towards improved 
mortality at 90 days for patients with severe sepsis, a clas-
sification of illness severity which is no longer in wide-
spread use. In accordance with our findings however, Xu 
et al. found a significant reduction in mortality for patients 
with septic shock receiving albumin solutions. Their anal-
ysis included 2186 participants receiving a mixture of 
albumin products, whereas our pooled analysis included 
2013 participants receiving more homogenous interven-
tions limited to hyperoncotic albumin solutions only.

The only other review of trial data limited to hyperon-
cotic albumin interventions was published by Jacob 
et al.13 This review considered a variety of patient popula-
tions other than those with sepsis, including adults and 
children undergoing cardiac surgery and patients suffer-
ing major trauma. They concluded that hyperoncotic 
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albumin solutions were safe for fluid resuscitation, but 
couldn’t characterise any benefit in terms of mortality for 
patients with sepsis. Our review has included new trial 
data published since Jacob’s original review, specific to 
hyperoncotic albumin in patients with sepsis and septic 
shock.26,27,29 Finally, the most recent systematic review on 
this topic was published in 2023 by Geng et al.36 Their 
review considered a similar question to ours on patients 
with sepsis, but included studies administering any con-
centration of albumin solution. In accordance with our 
results, Geng et al. also found albumin solutions resulted 
in a reduced risk of death for those patients with septic 
shock. Whilst their review question, search and analysis 
methods were similar to ours, Geng et al.21 did not pro-
vide any structured assessment of the certainty of evi-
dence, which we have provided here through Cochrane’s 
GRADE assessment tool.

Strengths of this review

This review was conducted according to a pre-specified 
protocol, published in the public domain prior to conduct-
ing any searches. The review question was intentionally 
and uniquely refined towards a specific intervention in 
well-defined populations of patients with sepsis. We uti-
lised established high-quality methodology for searches, 
critical appraisal, analysis and reporting, to ensure our 
findings are an accurate and reliable interpretation of the 
available evidence in this field. Searches of the medical 
literature for this review were rigorous and authors of con-
ference abstracts were contacted with requests for further 
data. We are therefore confident this review summarises 
all data and evidence available for this review question.

Limitations of review findings

The types of comparator fluids used in trials varied con-
siderably. During data pooling and meta-analysis we lim-
ited data extraction to trials using non-albumin fluids as a 
comparator. One study administered starch solutions in 
the comparator arm, which could have had a negative 
impact on survival of control subjects.28 We therefore per-
formed a sensitivity analysis for 28-day mortality exclud-
ing this study, and found the results were robust (see 
Figure S7 in the online supporting information). Due to 
the low number of studies eligible for inclusion in this 
review, we were unable to utilise network meta-analysis 
techniques to compare outcomes between hyperoncotic 
albumin and different types of comparator fluids. Bansal 
et al.37 published data using such methods in 2013. They 
compared data from studies of patients with severe sepsis, 
receiving a mixed range of albumin solutions versus both 
crystalloid and starch solutions. Their analysis of data 
from 13 studies, found a reduced risk of mortality for 
patients receiving albumin compared to crystalloids 
(Bayesian fixed effect model only) and starch solutions 
(both Bayesian fixed and random effect models).

Another significant limitation of this review is the low 
number of under-powered studies with data suitable for 

synthesis and meta-analysis. This prevented us making any 
power calculation, however our meta-analysis would be 
considered more powerful than the results of individual 
studies alone and whilst the optimal information size (OIS) 
varies between outcomes, it is very rarely achieved during 
meta-analysis of mortality.38 This also limited our assess-
ment of publication bias, which was only evident for stud-
ies reporting 28-day mortality for all patients with sepsis 
(see Figures S1–S5 in the online supporting information). 
To date, there are three large randomised controlled trials 
of hyperoncotic albumin in patients with septic shock cur-
rently open and recruiting.39–41 Data from these trials are 
likely to be influential in fully answering this review’s 
question and increasing the certainty of evidence and the 
strength of any subsequent clinical recommendations.

The studies included in our review generally adminis-
tered hyperoncotic albumin as a single dose or regular 
supplement. Annane et al. and Martensson et al. adminis-
tered albumin as a resuscitation fluid, but data from these 
trials were not suitable for pooling, due to the mixed 
nature of their patient populations.28,29 The most effective 
administration strategy for hyperoncotic albumin has yet 
to be identified, but it appears safe as both a resuscitation 
fluid and regular supplement. Intervention periods varied 
from a single dose infused over 3 hours to daily adminis-
tration for up to 28 days. It was not possible to make com-
parisons between strategies, yet data from future clinical 
trials might allow such comparisons through network 
meta-analysis techniques.

Remaining areas of uncertainty

Our finding of reduced mortality in patients with septic 
shock, whilst plausible is based on low quality evidence 
and requires confirmation through further high-quality 
randomised clinical trials in this specific high-risk popu-
lation. The optimal dosing strategy for hyperoncotic albu-
min has yet to be established. Whilst safe as both a 
resuscitation fluid and a regular supplement, it is unclear 
whether one approach is more effective or whether they 
might be combined. Heterogeneity of comparator fluids 
will limit the strengths of pairwise comparison tech-
niques, although this maybe overcome in the future using 
network meta-analysis techniques once more trial data 
become available.

Conclusions

The use of hyperoncotic albumin appears safe in patients 
with sepsis. There is weak evidence suggesting a short-
term mortality benefit in patients with septic shock, but 
no evidence to support its broader use in patients with 
sepsis. Its use is associated with a lower short-term cumu-
lative fluid balance and faster resolution of shock. Further 
trials are needed to improve the evidence base and guide 
clinical care. Future trials should focus on patients with 
septic shock, whilst evaluating the optimal dosing strat-
egy to achieve well defined and widely accepted clinical 
outcomes.
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