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LACTATED RINGER VERSUS ALBUMIN IN EARLY SEPSIS THERAPY (RASP): PROSPECTIVE RANDOMIZED CONTROLLED CLINICAL TRIAL 

	Title
	Lactated Ringer versus albumin in early sepsis therapy (RASP): prospective randomized controlled clinical trial.

	Design
	Allocation: Randomized

Endpoint Classification: Safety Study

Intervention Model: Single Group Assignment

Masking: Double Blind (Subject, Outcomes Assessor)

Primary Purpose: Treatment

	Primary Outcome
	Death from any cause within 7 days after randomization.

	Eligibility Criteria
	Inclusion Criteria:

• Patients admitted in the ICU with the clinical diagnosis of severe sepsis or septic shock within the previous 6 hours will be assessed for eligibility.

• Adult patients

Exclusion Criteria:

•Age below 18 years;

•Shock from other causes;

•Refusal to sign informed consent;

•Known adverse reaction to human albumin; 

•Previous fluid resuscitation during current disease defined as at least 20 ml.Kg-1 of intravenous fluid;

•Previous use of albumin in the last 72 hours;

•Religious objection;

•Traumatic brain injury;

•Hepatic cirrhosis;

•Patients who refused participation in the study

•Traumatic brain injury;

•Hepatic cirrhosis;

•Plasmapheresis;

•End stage kidney disease;

•End of life patients.

	Treatment Protocol
	•Patients enrolled in the study will be randomized in a 1:1 ratio to receive either 4% albumin solution or lactated Ringer as fluid resuscitation therapy in early phase of sepsis. The fluid replacement will be performed using a rapid infusion (≤10min) of a 500 mL bag of either 4% albumin or crystalloid solution alone (Lactated Ringer).

	Follow-up
	Thirty days (primary outcome), 60 days and 90 days.

	Sample Size
	To detect a decrease in the primary outcome of mortality of 28% in the crystalloid group to 14% in the albumin group, using a 2-sided χ2 test, we estimated that 360 patients would have to be enrolled in the trial to achieve an 90% power at an alpha of 0.05. All data analyses will be carried out according to a pre-established intention-to-treat analysis plan.

	Statistical Analysis
	Intention-to-treat analysis according to randomized study group assignment


1. INTRODUCTION
Hypoalbuminemia is a usual finding in cancer patients admitted in the intensive care unit (ICU) and an independent factor for mortality[1].  In addition, hypoalbuminemia is a known marker for acute pulmonary injury, probably playing an important role in its pathophysiology
 ADDIN EN.CITE 
[2]
. 

Albumin solution has been used worldwide to adequate volemia in sepsis
 ADDIN EN.CITE 
[2]
. However, in the last 20 years, much controversy about its real efficacy has emerged in critically ill patients as consequence of conflicting results from observational and randomized clinical trials (RCTs)
 ADDIN EN.CITE 
[3-6]
. In 1998, a critical review published by the Cochrane Albumin reviewers, showed an increased mortality of critically ill patients treated with albumin[7]. 

Although routine administration of albumin is not recommended in all patients during fluid resuscitation, supposed benefits in subsets of patients are attributed to albumin´s properties, such as its oncotic power, anti-inflammatory and antioxidant properties, additional ability of transporting endogenous and exogenous active molecules and maintenance of capillary membrane permeability
 ADDIN EN.CITE 
[8-10]
. 
Trof et al showed that fluid replacement with 5% albumin solution resulted in increased filling pressures and cardiac index, also improving systolic work compared to saline solution in hypovolemic critically ill patients with and without septic shock
 ADDIN EN.CITE 
[11]
. 

  The Saline versus Albumin Fluid Evaluation (SAFE) study included 6,997 critical patients to receive either 4% albumin or saline solution for fluid resuscitation in the ICU[4]. There was no difference in 28-day mortality between groups, but in a subgroup analysis of patients with severe sepsis, albumin was associated with higher survival rates[4]. The SOAP observational study, after propensity matching, showed that albumin administration was associated with decreased ICU and hospital mortality rates
 ADDIN EN.CITE 
[5]
.
Conversely, the most recent randomized controlled trial (RCT) Albumin Replacement in Patients with Severe Sepsis or Septic Shock (ALBIOS) demonstrated that albumin replacement did not improve the rate of survival at 28 and 90 days in sepsis. The subgroup of patients with septic shock in a post hoc analysis had lower mortality in 90 days[6].

The effect of excessively positive fluid balance and its association with organic dysfunction and death in ICU have also been emphasized in other subgroup of patients, including oncologic patients
 ADDIN EN.CITE 
[12-17]
. Although fluid resuscitation with colloid solutions results in better cardiac index, oxygen delivery (DO2) and better lactate levels with smaller amounts of fluids than crystalloid solutions, clinical data and experimental models have not demonstrated better outcomes in shock patients
 ADDIN EN.CITE 
[4, 18, 19]
. 
There are no definitive randomized controlled trials demonstrating an outcome benefit of albumin in critically ill patients with cancer. The aim of this study is to compare the effect of fluid resuscitation with 4% albumin and crystalloid alone (lactated Ringer´s solution) on 7-day mortality in septic patients. 
2. OUTCOMES:

2.1 Primary outcome: 7-day mortality for any cause.

2.2 Secondary outcome: 

a. to determine whether fluid resuscitation with albumin 4% decreases mortality within 28 days compared to crystalloid (lactated Ringer´s solution);

b. to determine whether fluid resuscitation with albumin 4% decreases ICU length and hospital length of stay.

c. to evaluate the Sequential Organ Failure Assessment (SOFA) score from day 1 to 7 of randomization

SOFA score from day 1 to 7 of randomization, days free and alive of mechanical ventilation, days alive and free of vasopressor, renal replacement therapy and 28-day mortality. 

3. STUDY DESIGN AND METHODS:

3.1 Study population: 

We planned to enroll 360 patients consecutively admitted with the diagnosis of sepsis in the ICU of Cancer Institute of Faculty of Medicine of University of Sao Paulo. 

3.2 Inclusion criteria: all patients admitted in the ICU with de diagnosis of Severe sepsis or Septic shock, when the following criteria is satisfied:
1) Previous diagnosis of cancer 
2)Presence of defined (or suspected) site of infection as shown by at least one of the following criteria:

a) an organism grown in blood or sterile site;

b) an abscess or portion of infected tissue;

c) suspected infection.

3) Presence of two or more of the following:

a) core temperature ≥ 38° C or ≤ 36° C;

b) heart rate ≥ 90 beats/min;

c) respiratory rate ≥ 20 breaths/min or PaCO2 ≤ 32 mmHg or use of mechanical ventilation for an acute process;

d) white blood cell count ≥ 12,000/ml or ≤ 4,000/ml or immature neutrophils > 10%;

4) Presence of at least a severe and acute sepsis-related organ dysfunction, as measured by the Sequential Organ Failure Assessment (SOFA) score:

a) respiratory score > 1;

b) hematologic score > 1;

c) hepatic score > 1;

d) cardiovascular score equals to 1, 3 or 4;

e) renal score > 2.

3.3 Exclusion criteria:

· Shock from other causes;

· Age below 18 years;

· Refusal to sign informed consent;

· Known adverse reaction to human albumin;
· Previous fluid resuscitation during current disease defined as at least 20 ml.Kg-1 of intravenous fluid; 

· Previous use of albumin in the last 72 hours;

· Religious objection;

· Traumatic brain injury;

· Hepatic cirrhosis;

· Plasmapheresis;

· End stage kidney disease;

· End of life patients.

3.4 Subgroup analysis: we will analyse the incidence of the primary outcome in the subgroup of patients according to the following: age (age ≤ 60 or > 60 years), gender, type of tumor, presence of metastatic disease and source of infection. We will also evaluate the incidence of the primary outcome in patients who will present acute kidney injury, needing of invasive mechanical ventilation and serum albumin lower than 2.5 g/dl at the time of the randomization.

3.5 Study design: We will conduct a phase III, randomized, double blinded (patient and outcome assessor), parallel, two group single center trial.  Patients consecutively admitted to the ICU with the diagnosis of sepsis will be screened for eligibility. When the patient is determined to meet study inclusion criteria and no exclusion criteria is found, the randomization will be done by web-based program in a 1:1 basis. 

3.5 Treatment protocol: patients enrolled in the study will be randomized in a 1:1 ratio to receive either 4% albumin solution or lactated Ringer as fluid resuscitation therapy in early phase of sepsis (less than six hours from sepsis onset). The patients, treating clinicians, and trial personnel were unaware of the trial-group assignments and sequence. Sepsis treatment will be conducted according to Surviving Sepsis Campaing Guidelines


[20] ADDIN EN.CITE . The fluid resuscitation will be performed using a rapid infusion (≤ 10min) of a 500 ml bag of either 4% albumin or crystalloid solution alone (lactated Ringer); the total amount will be defined by the attending physician. 

In occurrence of severe allergic reaction, the fluid of the study will be permanently suspended and replaced by open label lactated Ringer.
The study will be a pragmatic trial and the only difference between groups will be the type of fluid administered during the first 6 hours of fluid resuscitation. The antimicrobial therapy, amount of fluid, hemodynamic monitoring, blood transfusion, use of vasoactive drugs and organ support will be at discretion of the attendant physician. After the early resuscitation phase, if patients needs fluid replacement, both groups will receive Lactated Ringer´s solution. 

3.6 Data collection, clinic and demographic data assessment: at randomization, clinical and demographic data, cancer data, functional status and oncological treatment, severity assessment according to indices – Simplified Acute Physiology Score 3 (SAPS 3) 24 hours after ICU admission and Sequential Organ Failure Assessment (SOFA) score. We will collect the following laboratory data: hemoglobin level, serum creatinine, arterial lactate level and blood cultures. We will also record hemodynamic data, need for vasoactive drugs, blood transfusion, need for mechanical ventilation, need for renal replacement therapy (RRT) and other forms of organ dysfunction. 

3.7 Sample size and data analysis: 


To detect a decrease in the primary outcome of mortality of 28% in the crystalloid group to 14% in the albumin group, using a 2-sided χ2 test, with the risk set at 0.05 and 80% power, we estimated that 360 patients would have to be enrolled in the trial to achieve an 90% power at an alpha of 0.05. All data analyses will be carried out according to a pre-established intention-to-treat analysis plan. 

Dichotomous data (including the primary outcome) were compared using a two tailed χ2 test or Fisher’s exact test when appropriate. Continuous measurements were compared using the Mann-Whitney U test. Data are presented as medians (25th and 75th percentiles) or as means (± standard deviation - SD).

Subgroup analyses will be performed in the following subgroups: inclusion criteria (age ≤ 60 or > 60 years; gender; type of tumor; presence or absence of metastatic cancer; source of infection; diagnosis of shock septic at ICU admission; presence or not of acute kidney injury and mechanical ventilation at ICU admission; and albumin levels of ≤ 2.5 g/dl or 2.5 g/dl at ICU admission).

A two-sided P value less than 0.05 was considered statistically significant. The statistical analyses were performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
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Meta-analysis methodology and search strategy
We performed a meta-analysis of RCTs, in compliance with Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Two trained investigators (PN and JPdA) independently searched PubMed, PubMed Central, Web of Science (includes Medline, Conference Proceedings Citation Index, Data Citation Index, Chinese Science Citation Database, CAB abstracts, Derwent Innovations Index), OvidSP (includes Embase, Ovid Medline, HMIC, PsycINFO, Maternity and Infant Care, Transport Database), the Cochrane Library and Google to identify randomised clinical trials comparing albumin to crystalloids in septic and septic shock patients. Scanning of references of pertinent articles was also adopted to ensure all relevant trials were included. The searches were last updated on 1 March 2019. The search terms used were “sepsis” or “septic shock” with “albumin” or “albumins,” and “randomized” or “randomised.” No language, date, publication status, or predefined outcome restriction were applied.
References, obtained from database and literature searches, were examined first at an abstract level independently by 2 investigators (PN and JPdA). Disagreement were resolved by consensus. All potentially pertinent abstracts were retrieved as complete articles. Eligible studies met the following PICOS criteria: (1) Population: adult sepsis patients; (2) Intervention: resuscitation with albumin; (3) Comparison intervention: crystalloids as control; (4) Outcome: 28- or 30-days mortality; (5) Study design: RCT. The exclusion criteria were: overlapping populations and pediatric studies. Two authors (EA and RKF) independently assessed selected studies for the analysis, with divergences resolved by consensus with a third author (GL).

One author (PN) extracted all relevant information from each selected study, including baseline characteristics, procedural, and outcome data. These data were checked by a second author (EA or RKF). We extracted data following the intention-to-treat basis whenever possible. Corresponding authors of all eligible articles were contacted in case of missing data on outcomes of interest.

The risk ratio (OR) with 95% confidence intervals (CI) was calculated for 28- or 30- days mortality, as frequency of the event in the control group was > 10%. A p value equal or less than 0.05 was considered significant. In case of statistical significant results, we calculated the number needed to treat (NNT) or number needed to harm (NNH) and 95% CI. Heterogeneity was explored by the Cochran Q statistic and characterized with I2. We used a fixed-effects model in the absence of significant heterogeneity, defined as p value > 0.10 and I2 < 50%. In case of significant heterogeneity, we employed the random-effects model except if few trials dominate the available evidence or if significant publication bias was present, since random-effects meta-analysis, in these contexts, can give inappropriate high weight to smaller studies.

The meta-analysis was performed using Review Manager (RevMan, version 5.3. Copenhagen: The Nordic Cochrane Centre, The Cochrane Collaboration, 2014). 

Trial sequential analysis

To control risks of random errors due to sparse data and repetitive testing of cumulative data, we performed a per-protocol fixed-effects trial sequential analysis (TSA). TSA is a methodology that combines an information size calculation, representative of the cumulated sample sizes of all included trials, with a threshold for a statistically significant treatment effect and a threshold for futility of the intervention. In particular, TSA pools the required information size with trial sequential monitoring boundaries which adjust the confidence intervals and decrease type I errors. In TSA, the inclusion of each trial in the meta-analysis is regarded as an interim meta-analysis and TSA permits to control the risk for type I and type II errors and helps to clarify whether additional trials are needed. Conclusions made using TSA show the potential to be more consistent than those using traditional meta-analysis techniques. We conducted TSA with the purpose to maintain an overall 5% risk of type I error and a 10% risk of type II error, at a power of 90%. We assumed a relative risk reduction (RRR) or relative risk increase (RRI) of 15%, and we derived the control event proportion from low risk of bias trial. The resulting required information size was further diversity (D2)-adjusted; in case of D2 = 0, we performed a sensitivity analysis assuming a D2 = 25%. TSA was performed with TSA software (TSA Viewer, version 0.9.5.5 Beta, Copenhagen Trial Unit, Centre for Clinical Intervention Research, Rigshospitalet, 2016).

Supplemental Figure 1. Study flow-chart
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Supplemental Table 1. Fluids, vasoactive drugs and red blood cell transfusion during the resuscitation phase.
	Variable
	Albumin
	Crystalloid
	p-value

	
	(n=180)
	(n=180)
	

	Fluid (mL), mean (SD)
	2402 ± 642
	2296 ± 629
	0.11
	*****

	Diuresis (mL), median (IQR)
	1030 (600 - 1512)
	1100 (550 - 1700)
	0.6
	**

	Fluid balance (mL), median (IQR)
	980 (428 - 1397)
	970 (240 - 1358)
	0.3
	**

	Norepinephrine, n (%)
	
87 (48%)
	
87 (49%)
	0.9
	*

	Dobutamine, n (%)
	
9 (5%)
	
7 (4%)
	0.6
	*

	Red blood cells, n (%)
	
36 (20%)
	
34 (19%)
	0.8
	*


*Pearson's chi square test, **Mann–Whitney U test, ***Fisher's exact test; *****t-Student

SD: standard deviation; IQR: interquartile range.

Supplemental Table 2. Serum albumin levels, volume of administered fluids and net fluid balance during the first 7 days the study.

	Day 
	Albumin

(n=180)
	Crystalloid

(n=180)
	p-value
	

	Albumin (g/dL) Median (IQR)
	

	6h
	2.5 (2.1 - 2.9)
	2.5 (2.0 - 2.9)
	0.3
	**

	Day 1
	2.9 (2.5 - 3.3)
	2.5 (2.1 - 2.8)
	<0.001
	**

	Day 2
	2.7 (2.3 - 3.1)
	2.4 (2.0 - 2.8)
	<0.001
	**

	Day 3
	2.6 (2.2 - 2.9)
	2.3 (2.0 - 2.8)
	0.003
	**

	Day 4
	2.5 (2.1 - 2.9)
	2.3 (2.0 - 2.8)
	0.07
	**

	Day 5
	2.4 (2.1 - 2.7)
	2.3 (2.0 - 2.8)
	0.2
	**

	Day 6
	2.4 (2.1 - 2.8)
	2.3 (1.9 - 2.7)
	0.08
	**

	Day 7
	2.3 (2.0 – 3.0)
	2.3 (1.8 - 2.8)
	0.2
	**

	Administered Fluids (mL) Median (IQR)
	

	6h
	2105 (1650 - 2580)
	1980 (1570 - 2510)
	0.3
	**

	Day 1
	2965 (2360 - 3608)
	2850 (2260 - 3337)
	0.12
	**

	Day 2
	1890 (1372 - 2560)
	1930 (1400 - 2473)
	0.8
	**

	Day 3
	2250 (1560 - 2575)
	2175 (1621 - 2680)
	0.9
	**

	Day 4
	2236 (1680 - 2720)
	2300 (1760 - 2945)
	0.3
	**

	Day 5
	2274 (1656 - 2853)
	2250 (1530 - 2775)
	0.5
	**

	Day 6
	2160 (1737 - 2850)
	2195 (1709 - 2696)
	0.9
	**

	Day 7
	2233 (1518 - 2908)
	2375 (1703 - 3027)
	0.6
	**

	Fluid Balance Median (mL) (IQR)
	

	6h
	980 (428 - 1397)
	970 (240 - 1358)
	0.3
	**

	Day 1
	1510 (1120 - 2100)
	1500 (987 - 1979)
	0.4
	**

	Day 2
	290 (-400 - 958)
	65 (-563 - 810)
	0.2
	**

	Day 3
	212 (-500 - 890)
	181 (-538 - 818)
	0.8
	**

	Day 4
	320 (-120 - 860)
	150 (-370 - 750)
	0.11
	**

	Day 5
	470 (-428 - 1341)
	100 (-671 - 823)
	0.10
	**

	Day 6
	330 (-566 - 1005)
	214 (-223 - 737)
	0.9
	**

	Day 7
	290 (-418 - 1200)
	104 (-755 - 1148)
	0.5
	**


**Mann–Whitney U test
IQR: interquartile range 
Supplemental Table 3. Additional data on urinary output, fluid balance and vasoactive drugs during the study. 
	Variable
	Albumin
	Crystalloid
	p-value

	
	(n=180)
	(n=180)
	

	Diuresis (mL), median (IQR)
	
	

	
	

	6h
	875 
(638 - 1208)
	
1500 
(950 - 1700)
	0.6
	**

	Day 1
	
1550 (1150 - 2100)
	
1500 (1150 - 1900)
	0.4
	**

	Day 2
	
1550 (1100 - 2100)
	
1850 (1205 - 2275)
	0.06
	**

	Day 3
	
1635 (1088 - 2525)
	
2100 (1500 - 2600)
	0.9
	**

	Day 4
	
1625(1020 - 2163)
	
2100 (1500 - 2400)
	0.03
	**

	Day 5
	
1700 
(950 - 2325)
	
1800 (1500 - 2450)
	0.2
	**

	Day 6
	
1750 (1038 - 2425)
	
1900 (1600 - 2650)
	0.9
	**

	Day 7
	
1825 (1115 - 2425)
	
2150 (1500 - 2800)
	0.2
	**

	Norepinephrine, n (%) 
	
	
	
	

	6h
	87 
(48%)
	87 
(49%)
	0.9
	*

	Day 1
	104 
(65%)
	108 
(65%)
	0.9
	*

	Day 2
	74 
(53%)
	90 
(59%)
	0.3
	*

	Day 3
	62 
(58%)
	69 
(56%)
	0.8
	*

	Day 4
	50 
(59%)
	47 
(50%)
	0.2
	*

	Day 5
	35 
(52%)
	38 
(51%)
	0.9
	*

	Day 6
	30 
(52%)
	32 
(46%)
	0.6
	*

	Day 7
	27 
(54%)
	25 
(43%)
	0.3
	*

	Dobutamine, n (%)
	
	
	
	

	6h
	9 
(5%)
	7 
(4%)
	0.6
	*

	Day 1
	14 
(9%)
	11 
(7%)
	0.5
	*

	Day 2
	12 
(9%)
	18 
(12%)
	0.4
	*

	Day 3
	11 
(10%)
	13 
(11%)
	0.9
	*

	Day 4
	9 
(11%)
	10 
(11%)
	0.9
	*

	Day 5
	7 
(11%)
	8 
(11%)
	0.9
	*

	Day 6
	6 
(11%)
	7 
(10%)
	0.9
	*

	Day 7
	3 
(6%)
	4 
(7%)
	0.9
	***

	RBC transfusion, no. of patients (%)
	
	
	

	6h
	36 
(20%)
	34 
(19%)
	0.8
	*

	Day 1
	27 
(17%)
	21 
(13%)
	0.3
	*

	Day 2
	12 
(9%)
	16 
(11%)
	0.6
	*

	Day 3
	10 
(9%)
	9 
(7%)
	0.6
	*

	Day 4
	8 
(9%)
	13 
(12%)
	0.5
	*

	Day 5
	9 
(12%)
	6 
(7%)
	0.3
	*

	Day 6
	12 
(19%)
	9 
(13%)
	0.3
	*

	Day 7
	6 
(12%)
	4 
(7%)
	0.5
	***

	
	
	
	
	


*Pearson's chi square test, **Mann–Whitney U test, ***Fisher's exact test; *****t-Student

SD: standard deviation; IQR: interquartile range.

Supplemental Table 4. Hemodynamic data during the study.

	Variable
	Albumin
	Crystalloid
	p-value

	
	n=180
	n=180
	

	Heart rate (beats/min), median (IQR)
	
	
	

	6h
	104 (89 - 124)
	101 (87 - 118)
	0.3
	**

	D1
	110 (93 - 125)
	103 (90 - 118)
	0.02
	**

	D2
	108 (93 - 121)
	106 (87 - 120)
	0.3
	**

	D3
	112 (98 - 124)
	104 (88 - 126)
	0.08
	**

	D4
	111 (99 - 125)
	103 (88 - 121)
	0.04
	**

	D5
	112 (99 - 124)
	100 (86 - 115)
	0.003
	**

	D6
	107 (93 - 123)
	102 (86 - 115)
	0.10
	**

	D7
	109 (94 - 122)
	106 (90 - 117)
	0.4
	**

	Mean arterial pressure (mmHg), median (IQR)
	
	
	

	6h
	73 (62 - 85)
	71 (61 - 82)
	0.8
	**

	D1
	68 (63 - 75)
	70 (66 - 75)
	0.09
	**

	D2
	70 (64 - 78)
	70 (64 - 77)
	0.8
	**

	D3
	70 (64 - 81)
	69 (63 - 79)
	0.4
	**

	D4
	69 (64 - 81)
	69 (63 - 77)
	0.5
	**

	D5
	70 (62 - 77)
	69 (62 - 77)
	0.7
	**

	D6
	70 (63 - 78)
	72 (64 - 80)
	0.4
	**

	D7
	69 (63 - 76)
	71 (65 - 77)
	0.3
	**

	Lactate mmol/L, median (IQR)
	
	
	

	0h
	         3.2 (2.1 – 5.2)
	3.4 (1.8 – 4.7)
	0.6
	**

	6h
	2.2 (1.4 – 4.1)
	1.9 (1.2 – 3.2)
	0.10
	**

	D1
	1.7 (1.3 – 3.0)
	1.9 (1.4 – 3.2)
	0.5
	**

	D2
	2.0 (1.4 – 2.9)
	2.1 (1.4 – 2.9)
	0.5
	**

	D3
	2.0 (1.4 – 2.7)
	2.0 (1.4 – 2.0)
	0.9
	**

	D4
	2.0 (1,3 – 2.8)
	2.0 (1.5 – 2.9)
	0.9
	**

	D5
	2.1 (1.5 – 3.4)
	2.0 (1.7 – 3.0)
	0.6
	**

	D6
	2.1 (1.3 – 3.0)
	2.0 (1.5 – 2.5)
	0.6
	**

	D7
	2.0 (1.4 – 3.8)
	2.2 (1.7 – 2.9)
	0.8
	**

	Base excess mmol/L, median (IQR)
	
	
	

	6h
	-4.80 (-8.85 - 0.28)
	-3.90 (-7.70 - 0.50)
	0.3
	**

	D1
	-1.55 (-4.08 - 1.35)
	-1.90 (-5.70 - 1.43)
	0.5
	**

	D2
	-0.60 (-3.70 - 2.10)
	-0.70 (-4.15 - 2.30)
	0.9
	**

	D3
	-0.30 (-3.60 - 3.10)
	-0.05 (-3.48 - 3.28)
	0.6
	**

	D4
	0.20 (-2.50 - 3.50)
	0.90 (-3.20 - 4.10)
	0.5
	**

	D5
	0.10 (-2.83 - 3.10)
	1.50 (-3.15 - 4.20)
	0.3
	**

	D6
	1.10 (-2.80 - 3.80)
	1.00 (-3.93 - 4.25)
	0.9
	**

	D7
	0.50 (-3.28 - 2.58)
	1.10 (-3.53 - 4.85)
	0.6
	**


**Mann–Whitney U test
IQR: interquartile range 

Supplemental Table 5. Laboratory data during the study
	Variable
	Albumin
	Crystalloid
	p-value

	
	n=180
	n=180
	

	Hemoglobin (g/dL), median (IQR)
	
	
	

	6h
	8.9 (7.5 - 10.2)
	9.0 (7.5 - 10.0)
	0.6
	**

	Day 1
	8.45 (7.4 - 9.8)
	9.0 (7.7 - 10.0)
	0.06
	**

	Day 2
	9.0 (8.0 - 10.0)
	9.0 (8.0 - 10.0)
	0.10
	**

	Day 3
	8.6 (7.7 - 9.7)
	8.5 (7.7 - 9.8)
	0.9
	**

	Day 4
	8.9 (7.6 - 9.5)
	8.6 (7.5 - 9.7)
	0.8
	**

	Day 5
	8.6 (7.7 - 9.2)
	8.6 (7.8 - 9.7)
	0.4
	**

	
	
	
	
	

	Hematocrit (%), median (IQR) 
	
	
	

	6h
	27 (23 - 32)
	28 (23 - 31)
	0.8
	**

	Day 1
	26 (23 - 30)
	27 (24 - 30)
	0.11
	**

	Day 2
	27 (23 - 30)
	27 (23 - 30)
	0.9
	**

	Day 3
	26 (24 - 29)
	25 (23 - 30)
	0.7
	**

	Day 4
	27 (23 - 30)
	26 (23 - 29)
	0.5
	**

	Day 5
	27 (23 - 28)
	26 (24 - 30)
	0.5
	**

	Platelets 103/mm3, median (IQR)
	
	
	

	6h
	151 (67 - 285)
	170 (97 - 295)
	0.3
	**

	Day 1
	150 (49 - 259)
	161 (92 - 279)
	0.2
	**

	Day 2
	165 (49 - 270)
	155 (77 - 258)
	0.7
	**

	Day 3
	170 (62 - 271)
	159 (64 - 270)
	0.9
	**

	Day 4
	169 (72 - 255)
	169 (72 - 286)
	0.6
	**

	Day 5
	159 (74 - 268)
	158 (80- 270)
	0.7
	**

	Leukocytes/mm3, median (IQR)
	
	
	

	6h
	8610 (2300 - 13613)
	8340 (3640 - 16250)
	0.6
	**

	Day 1
	9355 (4788 - 15195)
	9855 (4985 - 16180)
	0.7
	**

	Day 2
	9370 (5050 - 15830)
	10600 (5000 - 17125)
	0.5
	**

	Day 3
	9420 (6140 - 16240)
	10000 (5850 - 18455)
	0.5
	**

	Day 4
	9840 (6850 - 15990)
	10700 (5810 - 15950)
	0.10
	**

	Day 5
	9840 (5225 - 16523)
	10070 (5370 - 14810)
	0.8
	**

	CRP (mg/L), median (IQR)
	
	
	
	

	6h
	189 (109 - 280)
	183 (99 - 273)
	0.9
	**

	Day 1
	188 (120 - 278)
	212 (123 - 301)
	0.2
	**

	Day 2
	176 (100 - 271)
	190 (103 - 265)
	0.6
	**

	Day 3
	151 (67 - 245)
	156 (76 - 264)
	0.4
	**

	Day 4
	124 (66 - 219)
	128 (64 - 197)
	0.9
	**

	Day 5
	105 (55 - 187)
	89 (46 - 155)
	0.3
	**

	Creatinine mg/dL, median (IQR) 
	
	
	

	6h
	1.61 (0.81 - 2.33)
	1.26 (0.75 - 2.17)
	0.05
	**

	Day 1
	1.45 (0.81 - 2.30)
	1.32 (0.70 - 2.13)
	0.3
	**

	Day 2
	1.22 (0.81 - 2.48)
	1.19 (0.73 - 2.31)
	0.3
	**

	Day 3
	1.27 (0.68 - 2.51)
	1.20 (0.75 - 2.27)
	0.9
	**

	Day 4
	1.30 (0.67 - 2.76)
	1.29 (0.8 - 2.27)
	0.7
	**

	Day 5
	1.32 (0.7 - 2.87)
	1.47 (0.78 - 2.43)
	0.7
	**

	Chloride (mEq/L), median (IQR)
	
	
	

	6h
	107 (103 - 113)
	107 (102 - 112)
	0.6
	**

	Day 1
	109 (104 - 112)
	108 (104 - 113)
	0.9
	**

	Day 2
	109 (105 - 113)
	108 (105 - 113)
	0.6
	**

	Day 3
	111 (105 - 116)
	109 (104 - 114)
	0.2
	**

	Day 4
	111 (105 - 116)
	109 (104 - 114)
	0.2
	**

	Day 5
	110 (103 - 116)
	109 (103 - 114)
	0.6
	**

	Urea (mg/dL), median (IQR)
	
	
	

	6h
	71 (42 - 108)
	64 (37 - 96)
	0.07
	**

	Day 1
	65 (37 - 107)
	64 (32 - 95)
	0.3
	**

	Day 2
	66 (41 - 101)
	57 (33 - 96)
	0.2
	**

	Day 3
	72 (43 - 109)
	71 (38 - 116)
	0.9
	**

	Day 4
	71 (40 - 132)
	80 (47 - 123)
	0.7
	**

	Day 5
	82 (41 - 138)
	69 (48 - 131)
	0.6
	**

	Sodium (mEq/L), median (IQR)
	
	
	

	6h
	136 (132 - 141)
	136 (132 - 140)
	0.8
	**

	Day 1
	140 (135 - 143)
	139 (135 - 142)
	0.4
	**

	Day 2
	141 (137 - 146)
	140 (137 - 144)
	0.4
	**

	Day 3
	142 (138 - 147)
	141 (137 - 146)
	0.1
	**

	Day 4
	143 (138 - 147)
	141 (137 - 147)
	0.1
	**

	Day 5
	142 (137 - 146)
	141 (137 - 147)
	0.8
	**

	pH, median (IIQ) 
	
	
	
	

	6h
	7.35 (7.28 - 7.41)
	7.35 (7.30 - 7.40)
	0.7
	**

	Day 1
	7.36 (7.30 - 7.40)
	7.36 (7.31 - 7.40)
	0.6
	**

	Day 2
	7.37 (7.33 - 7.40)
	7.38 (7.35 - 7.41)
	0.09
	**

	Day 3
	7.38 (7.35 - 7.42)
	7.38 (7.34 - 7.42)
	0.8
	**

	Day 4
	7.38 (7.34 - 7.41)
	7.38 (7.34 - 7.42)
	0.7
	**

	Day 5
	7.40 (7.34 - 7.43)
	7.40 (7.36 - 7.42)
	0.3
	**

	
	
	
	
	


** Mann–Whitney U test
IQR: interquartile range; CRP: C-reactive protein
Supplemental Figure 2. Subgroup analysis for 7-day mortality
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Supplemental Table 6. Characteristics of studies included in the meta-analysis
	Study
	Journal
	Year
	Setting

	RASP.
	Crit Care Med
	2019
	Cancer patients developing severe sepsis or septic shock

	ALBIOS
	N Eng J Med
	2014
	Patients with severe sepsis (diagnosed within 24 hours)

	EARSS
	Abstract 

(Intensive Care Med)
	2011
	Patients with septic shock (catecholamines started within 6 hours)

	SAFE
	N Eng J Med
	2004
	ICU patients requiring fluid administration

	Veneman et al.
	Wien Klin Wochenschr
	2004
	Severely ill, hypo-albuminemic patients (including severe sepsis and post-surgical patients with SIRS)

	
	
	
	


ICU: Intensive Care Unit; SIRS: Systemic Inflammatory Response Syndrome

Supplemental Figure 3. Meta-analysis of RCTs investigating the effects of albumin vs crystalloids in septic patients
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Supplemental Figure 4. Trail sensiticity analysis (TSA) for mortality in albumin vs crystalloids in septic patients
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Supplemental Figure 5. Meta-analysis of RCTs investigating the effects of albumin vs crystalloids in septic shock
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Supplemental Figure 6. Trail sensiticity analysis (TSA) for mortality in albumin vs crystalloids in septic shock
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