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Abstract 

Purpose: We assessed the effects of a protocol restricting resuscitation fluid vs. a standard care protocol after initial 
resuscitation in intensive care unit (ICU) patients with septic shock.

Methods: We randomised 151 adult patients with septic shock who had received initial fluid resuscitation in nine 
Scandinavian ICUs. In the fluid restriction group fluid boluses were permitted only if signs of severe hypoperfusion 
occurred, while in the standard care group fluid boluses were permitted as long as circulation continued to improve.

Results: The co-primary outcome measures, resuscitation fluid volumes at day 5 and during ICU stay, were lower in 
the fluid restriction group than in the standard care group [mean differences −1.2 L (95 % confidence interval −2.0 to 
−0.4); p < 0.001 and −1.4 L (−2.4 to −0.4) respectively; p < 0.001]. Neither total fluid inputs and balances nor serious 
adverse reactions differed statistically significantly between the groups. Major protocol violations occurred in 27/75 
patients in the fluid restriction group. Ischaemic events occurred in 3/75 in the fluid restriction group vs. 9/76 in the 
standard care group (odds ratio 0.32; 0.08–1.27; p = 0.11), worsening of acute kidney injury in 27/73 vs. 39/72 (0.46; 
0.23–0.92; p = 0.03), and death by 90 days in 25/75 vs. 31/76 (0.71; 0.36–1.40; p = 0.32).

Conclusions: A protocol restricting resuscitation fluid successfully reduced volumes of resuscitation fluid compared 
with a standard care protocol in adult ICU patients with septic shock. The patient-centred outcomes all pointed 
towards benefit with fluid restriction, but our trial was not powered to show differences in these exploratory outcomes.

Trial registration:  NCT02079402.
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Take-home message: A fluid restriction protocol in septic shock 
resulted in less resuscitation fluid being given to fewer patients. The 
patient-centred outcomes all pointed towards benefit with fluid 
restriction, but our trial was not powered to show differences in these 
exploratory outcomes.
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was registered at http://www.clinicaltrials.gov (num-
ber NCT02079402) before enrolment of the first patient 
and conducted according to Good Clinical Practice (EU 
Directive 2001/20) including monitoring of consents and 
source data by external staff.

The CLASSIC trial was an investigator-initiated, mul-
ticentre, stratified (by site because these may influence 
volumes of resuscitation fluid [5]), parallel-group clinical 
trial with adequate computer generation of the alloca-
tion sequence with permuted blocks of varying sizes of 
2 or 4 and allocation concealment by a Web-based, cen-
tralised randomisation system. We randomised patients 
with septic shock in nine general ICUs 1:1 to restrictive 
fluid resuscitation or standard care. The allocation was 
blinded for the statistician.

In Denmark, informed consent was obtained from two 
physicians who were independent of the trial prior to 
randomisation. In Finland, deferred consent was used. In 
all cases informed consent was obtained from the next of 
kin and the patient as soon as possible after randomisa-
tion. If consent was withdrawn or not granted, permis-
sion was asked for continued registration and use of data.

Patients
We screened patients aged 18 years or above (1) who were 
in the ICU, (2) who fulfilled the criteria for sepsis within 
the previous 24  h, (3) who had suspected or confirmed 
severe circulatory impairment—defined as systolic blood 
pressure below 90  mmHg, heart rate above 140  beats/
min, lactate at least 4  mmol/L, or use of vasopressors—
for no more than 12 h including the hours preceding ICU 
admission, (4) who had received at least 30  mL/kg ideal 
body weight (IBW) of fluid in the last 6  h, and (5) who 
had shock defined as ongoing infusion of norepinephrine 
to maintain blood pressure (the detailed trial definitions, 
including those regarding a change during trial in the defi-
nition of criterion 3, are provided in ESM 1 and ESM 2). 
Patients were excluded for the reasons shown in Fig. 1.

Interventions
In both intervention groups, use of resuscitation fluid 
was per protocol and mean arterial pressure (MAP) of at 
least 65 mmHg (or a target decided by the clinicians) was 
maintained by the use of continuous infusion of norepi-
nephrine. The choice of crystalloid solutions was at the 
discretion of the treating clinicians, but the use of col-
loid solutions for resuscitation was regarded as a proto-
col violation to alleviate the risk of differences in the type 
of fluid administered between the intervention groups. 
Suggestions for the use of selected co-interventions were 

Introduction
Fluid resuscitation is the mainstay of cardiovascular 
interventions for patients with septic shock [1]. Intra-
venous fluid may improve the circulation and organ 
perfusion by increasing cardiac output, but may also be 
associated with harmful effects through peripheral and 
organ oedema. The exact physiology of fluid resuscitation 
and the relation to patient-centred outcomes are, how-
ever, not yet fully elucidated.

In the clinical practice guideline for adults with septic 
shock, it is recommended to give a minimum of 30 mL/kg 
of crystalloid solutions during initial resuscitation and to 
continue to give fluids as long as the circulation improves 
[1]. However, there are limited high-quality data support-
ing these recommendations [1]; increased cumulative 
fluid balances at 12 h and 4 days have been associated with 
increased mortality in adult patients with septic shock [2] 
and, similarly, increased daily fluid balances from day 2 
until day 7 have been associated with increased mortal-
ity in septic shock in adjusted analyses [3]. In addition, 
a large randomised trial showed increased mortality in 
febrile African children with circulatory impairment who 
received fluid boluses in addition to maintenance fluid as 
compared to those who received maintenance alone [4].

Taken together, current guidelines on volumes of resus-
citation fluid in septic shock are based on low-quality 
evidence, and it is possible that higher fluid volumes may 
harm these patients. Therefore, we designed the Conserva-
tive vs. Liberal Approach to fluid therapy of Septic Shock 
in Intensive Care (CLASSIC) trial with the objective to 
assess the feasibility and effects of a protocol restricting 
resuscitation fluid after initial resuscitation on fluid vol-
umes and balances and explorative outcome measures in 
intensive care unit (ICU) patients with septic shock. We 
focused on volumes of resuscitation fluid, rather than total 
fluid inputs or fluid balances, because resuscitation fluid 
is given with the specific aim to improve the circulation. 
Resuscitation fluid is, therefore, likely to have a different 
balance between benefit and harm than that of fluids given 
as maintenance or with nutrition and medications.

Methods
Trial design and conduct
The management committee wrote the trial protocol, 
which was approved by the Medicines Agency, Ethics 
Committee and Data Protection Agency in Denmark 
and the Ethics Committee in Helsinki, Finland. The pro-
tocol and the statistical analysis plan, which were writ-
ten before closing the trial database, are provided in the 
Electronic Supplementary Material (ESM) 2. The trial 

http://www.clinicaltrials.gov
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provided, including fluid therapy for other indications 
than resuscitation (ESM 1); substitution of overt fluid 
loss was allowed in both groups.

In the fluid restriction group, isotonic crystalloid 
(saline or Ringer’s solutions) fluid boluses of 250–500 mL 
could be given intravenously during ICU stay in the case 
of severe hypoperfusion defined as either (1) plasma 
concentration of lactate of at least 4  mmol/L, (2) MAP 
below 50 mmHg in spite of the infusion of norepineph-
rine, (3) mottling beyond the edge of the kneecap (mot-
tling score greater than 2) [6], or (4) oliguria, but only 
in the first 2  h after randomisation, defined as urinary 
output at most 0.1 mL/kg IBW in the last hour. The cut-
off value of lactate was chosen on the basis of Surviving 
Sepsis Campaign (SSC) guidelines [1] and data indicating 
that a marked increase in mortality occurs at lactate val-
ues above 4  mM [7]. Fulfilment of at least one of these 

criteria was a prerequisite for administration of a fluid 
bolus, but administration was not mandated. The effect 
of a fluid bolus was to be assessed by re-evaluation of the 
four hypoperfusion criteria mentioned above before a 
repeated fluid bolus or after 30 min at the latest.

In the standard care group, isotonic crystalloid (saline 
or Ringer’s solutions) fluid boluses could be given intrave-
nously during ICU stay as long as haemodynamic variables 
improved including dynamic (e.g. stroke volume variation) 
or static (e.g. blood pressure, heart rate) variable(s) of the 
clinician’s choice as outlined in the SSC guideline [1]. The 
effect of a fluid bolus was to be assessed by re-evaluation 
before a repeated fluid bolus or after 30 min at the latest.

Outcome measures
The co-primary outcomes were the amount of resuscita-
tion fluid (defined as the cumulated volumes of 0.9 % saline, 

50 Were excluded
18 Received RRT or RRT was deemed 

imminent by the clinicians
7   Had plasma K+ >6 mmol/L within 6 hours
9   Had plasma creatinine >350  µmol/L

13   Had FiO2 >0.8 and PEEP >10 cmH2 O
3   Had life-threatening bleeding
1   Had acute burn injury
9   Were not considered for full life-support
4   Were excluded because consent

could not be obtained

153 Were randomised

203 Patients were assessed

76 Were assigned to 
fluid restriction

77 Were assigned to 
standard care

75 (99%) Were 
analysed

76  (99%) Were 
analysed

3 Discontinued the trial protocol
2 Discontinued the trial

protocol on the request
of surrogates

1 Withdrew consent for the
use of data

3 Discontinued the trial protocol
2 Discontinued the trial

protocol on the request
of surrogates

1 Withdrew consent for the
use of data

Fig. 1 Flow of trial participants in the CLASSIC trial. Patients with septic shock assessed, excluded, randomised and followed up in the CLASSIC trial. 
Twelve patients fulfilled 2 or 3 exclusion criteria. Two patients were excluded post-randomisation in the recruitment period because they withdrew 
consent for the use of data. Two additional patients were randomised to obtain the full sample size of 150 patients. One additional patient was 
randomised within an hour of the randomisation of patient no. 150 before the Web-based randomisation portal was closed. RRT renal replacement 
therapy, PEEP positive end-expiratory pressure
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Ringer’s lactate, Ringer’s acetate and colloid solutions given 
in the ICU for circulatory impairment as noted by the cli-
nicians) in the first 5  days after randomisation and the 
amount of resuscitation fluid given after randomisation 
during the entire ICU stay. The latter was promoted from 
a secondary outcome to a co-primary outcome during the 
trial so that the full intervention period was reflected in the 
primary outcome. This change was done before the data 
were available for analyses. The details about this protocol 
change and the full definitions of all outcomes are provided 
in ESM 1 and in the trial protocol (ESM 2).

The secondary outcome measures were total fluid input 
given in the ICU at day 5 after randomisation and dur-
ing the entire ICU stay, fluid balance in ICU at day 5 
after randomisation and for entire ICU stay, number of 
patients with violations of the fluid resuscitation proto-
col, and rates of serious adverse reactions for isotonic 
crystalloids or norepinephrine in the ICU.

Exploratory outcomes were death within 90 days after 
randomisation, time to death with censoring 90  days 
after the last patient had been randomised, days alive 
without the use of mechanical ventilation or renal 
replacement therapy in the 90-day period, the number of 
patients with ischaemic events during the ICU stay, max-
imum change in plasma creatinine during the ICU stay, 
and number of patients with worsening of acute kidney 
injury (AKI) according to the KDIGO criteria [8] (values 
of plasma creatinine were assessed in ICU and the use of 
renal replacement therapy in the 90 days after randomi-
sation; the urinary output criteria were not assessed). For 
patients without AKI at baseline, development of AKI 
after randomisation was regarded as worsening of AKI.

Statistical analysis
One hundred and fifty patients were needed to show a 
1.7-L difference in volumes of resuscitation fluid within 
the first 5  days between the groups on the basis of the 
mean volume of resuscitation fluid observed in the 6S 
trial [5.3 L (standard deviation 3.7 L)] [9], an alpha of 5 % 
(two-sided) and a power of 80 %. The implications for the 
sample size estimation of the change from one to two co-
primary outcomes are provided in the statistical analysis 
plan in the trial protocol (ESM 2).

In the recruitment period we excluded two patients 
after randomisation because they withdrew consent for 
the use of data. We randomised two additional patients 
to obtain the full sample size. One additional patient was 
randomised within an hour of patient no. 150 before the 
randomisation portal was closed (Fig. 1).

The statistician (P.W.) performed all the analyses 
blinded for the intervention and according to the ICH-
GCP guidelines E9 [10] and the statistical analysis plan, 
in which the handling of missing data is also described 

(ESM 2). We performed the analyses in the intention-
to-treat population defined as all randomised patients 
except those who withdrew consent for the use of data. 
We defined the per-protocol population as all patients in 
the intention-to-treat population except those who had a 
protocol violation (Table S1 in ESM 1).

In the primary analyses, we compared data in the two 
groups by the non-parametric van Elteren test or the gen-
eral linear model for ordinal and rate data adjusted for the 
stratification variable (trial site) [10], logistic regression 
analysis for binary outcome measures adjusted for site 
and by logrank test and Cox analysis (adjusted for site) for 
time to death. Sites including less than 10 patients were 
grouped in the adjusted analyses. We also compared the 
co-primary outcomes in an analysis adjusted for prede-
fined risk factors at baseline (age, weight, norepinephrine 
dose at randomisation, surgery prior to randomization 
and more than 5 L of fluid given prior to randomization), 
in the per-protocol population and in the predefined sub-
group analysis of patients who had received more than 
5 L of fluid (crystalloids, colloids, and blood products) in 
the 24-h prior to randomisation. We performed all analy-
ses using SAS software, version 9.3, and SPSS software, 
version 17.0. Multiplicity issues were addressed for the 
co-primary outcomes. We adjusted the level of signifi-
cance by a factor in between a full Bonferroni adjustment 
and no adjustment at all, because we expected a degree of 
correlation between the two outcomes; thus, we consid-
ered a two-sided P value of 0.05/1.5 = 0.033 to indicate 
statistical significance. For the remaining outcome meas-
ures, we considered a two-sided P value of less than 0.05 
to indicate statistical significance.

Results
Patients
Between September 2014 and August 2015 we assessed 203 
patients who fulfilled the inclusion criteria and randomised 
153 (75  %) of those (Fig.  1; Fig.  4 in ESM 1); 76 patients 
were allocated to the fluid restriction group and 77 to the 
standard care group. One patient in each group withdrew 
consent for the use of data, thus we analysed data from 151 
patients (99 %). Patient characteristics and fluid administra-
tion are presented in Table 1 and Table S2 in ESM 1; there 
appeared to be a degree of imbalance between the two 
groups for some characteristics, including the rates of pul-
monary focus of sepsis and AKI and patient weight.

Fluid protocol
Fifty-five of 75 patients (73  %) in the fluid restriction 
group vs. 70 of 76 patients (92  %) in the standard care 
group (P  =  0.002) received resuscitation fluid during 
286 vs. 464 episodes (P = 0.003) after randomisation. In 
the fluid restriction group, the resuscitation fluids were 



1699

Table 1 Baseline characteristics

Values with ranges are medians (interquartile ranges)

SI conversion factors: to convert plasma creatinine from µmol/L to mg/dL divide by 88.4; to convert plasma lactate from mmol/L to mg/dL divide by 0.111; to convert 
plasma sodium and plasma potassium from mmol/L to mEq/L multiply by 1.0

ICU intensive care unit, SAPS Simplified Acute Physiology Score, SOFA Sequential Organ Failure Assessment
a Pre-admission plasma creatinine values were not known in seven patients in the fluid restriction group and six patients in the standard care group; their pre-
admission plasma creatinine was estimated from the Modification of Diet in Renal Disease formula using a GFR of 75 mL/min/1.73 m2

b During the hospital admission but prior to randomisation
c Some patients had more than one source of infection
d SAPS II in the 24 h prior to randomisation. One or 2 of the 17 variables used to calculate the score were missing in 17 patients in the fluid restriction group and 22 
patients in the standard care group; their scores were not included here
e SOFA score in the 24 h prior to randomisation. One or 2 of the 5 subscores used to calculate the score were missing in 13 patients in the fluid restriction group and 
19 patients in the standard care group; their scores were not included here
f Acute kidney injury defined as the KDIGO creatinine score >0 in the 24 h prior to randomisation. Data were missing for 1 patient in the fluid restriction group and 2 
patients in the standard care group; their scores were not included here
g Invasive or non-invasive ventilation in the 24 h prior to randomisation
h In the 3 h prior to randomisation
i In the 24 h prior to randomisation

Fluid restriction group (n = 75) Standard care group (n = 76)

Male gender, no. (%) 52 (69) 47 (62)

Age, years 69 (61–76) 73 (67–77)

Weight, kg 80 (65–86) 72 (62–84)

Hypertension, no. (%) 35 (47) 29 (38)

Previous admission for, no. (%)

 Heart failure 11 (15) 15 (20)

 Myocardial infarction 10 (13) 7 (9)

 Pre-admission plasma creatinine, µmol/La 80 (65–94) 86 (66–100)

 Haematological malignancy, no. (%) 5 (7) 8 (11)

 Surgery, no. (%)b 47 (63) 40 (53)

Source of ICU admittance, no. (%)

 Emergency department 18 (24) 17 (22)

 General ward 28 (37) 27 (36)

 Operating room or recovery room 27 (36) 29 (38)

 Other ICU 2 (3) 3 (4)

Source of sepsis, no. (%)c

 Lungs 23 (31) 36 (47)

 Abdomen 38 (51) 33 (43)

 Urinary tract 8 (11) 10 (13)

 Soft tissue 13 (17) 5 (7)

 Other 7 (9) 7 (9)

Days from hospital admission to randomisation 1 (0–6) 1 (0–4)

Hours from ICU admission to randomisation 4.5 (2.0–8.5) 4.0 (1.5–6.5)

SAPS IId 52 (43–60) 56 (47–66)

SOFA scoree 10 (7–11) 10 (8–11)

Acute kidney injury, no. (%)f 38 (51) 28 (38)

Mechanical ventilation, no. (%)g 41 (55) 43 (57)

Highest lactate, mmol/Lh 3.0 (1.7–4.4) 2.5 (1.5–4.6)

Highest dose of norepinephrine, µg/kg/minh 0.25 (0.12–0.40) 0.20 (0.10–0.30)

Highest heart rate, beats/minh 106 (95–123) 108 (87–124)

Highest plasma creatinine, µmol/Li 133 (84–181) 110 (81–192)

Highest plasma sodium, mmol/Li 138 (135–141) 138 (135–141)

Highest plasma potassium, mmol/Li 4.2 (3.8–4.9) 4.2 (3.8–4.7)

Fluids given prior to randomisation, mLi 4200 (3461–6700) 4790 (3232–6847)
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administered mainly on the first day after randomisa-
tion; in the standard care group, the majority of patients 
received resuscitation fluid until day 4 (Tables S3, S4 in 
ESM 1). Resuscitation fluid was given as Ringer’s solu-
tions rather than saline in the majority of patients in both 
groups (Table S4 in ESM 1).

No patients had the fluid resuscitation protocol tempo-
rarily suspended (Table S5 in ESM 1), but two patients in 
each group had the protocol discontinued on the request 
of surrogates (Fig.  1). Additional details regarding fluid 
indications, types and timing, co-interventions, haemo-
dynamic variables, and urinary outputs are provided in 
Tables S3–S11 and Figs. 5–7 in ESM 1.

Primary outcome measures
Cumulated resuscitation fluid volumes given in the ICU 
at day 5 after randomisation and during the entire ICU 
stay (the co-primary outcomes) were lower in the fluid 
restriction group vs. the standard care group [mean dif-
ferences −1.2  L (95  % CI −2.0 to −0.4); P  <  0.001 and 
−1.4 L (95  % CI −2.4 to −0.4); P  <  0.001, respectively 
(Table 2; Fig. 2)]. We obtained similar results in the anal-
yses adjusted for the predefined risk factors at baseline, 
in the per-protocol population (Tables S12, S13 in ESM 
1), and in the subgroup analysis of patients who had 
received more than 5 L of fluid in the 24 h prior to ran-
domisation (P =  0.91 for interaction between subgroup 
and intervention).

Secondary outcome measures
Total fluid inputs and balances in the ICU did not dif-
fer with statistical significance between groups either 
at day 5 after randomisation or during the entire ICU 
stay (Table 2; Figs. 5, 6 in ESM 1). In the fluid restric-
tion group, 27 of the 75 patients (36 %, 95 % CI 25–47) 
had a total of 80 violations of the fluid resuscitation 
protocol (Fig. 8 in ESM 1). The rates of serious adverse 
reactions to fluids or norepinephrine did not differ 
between the two intervention groups (Table  2; Table 
S14 in ESM 1).

Exploratory outcome measures
Death at day 90 (Fig.  3), time to death at latest follow-
up (Fig.  3), number of patients with ischaemic events 
in ICU (Fig.  3; Table S15 in ESM 1), days alive without 
mechanical ventilation (mean 79 vs. 72  %, P =  0.48) or 
renal replacement therapy (92 vs. 92 %, P = 0.70) in the 
90-day follow-up period or maximum changes in plasma 
creatinine in the ICU (median 9 (IQR −13 to 47) vs. 15 
(−4 to 62) µmol/L, P = 0.36) did not differ with statistical 
significance between the fluid restriction group and the 
standard care group. The number of patients with wors-
ening of acute kidney injury in the 90-day period was 

lower in the fluid restriction group than in the standard 
care group (Fig. 3; Fig. 10 in ESM 1).

Discussion
We observed that a protocol aimed at restricting resus-
citation fluid vs. a protocol aimed at standard care after 
initial resuscitation of ICU patients with septic shock 
resulted in lower volumes of resuscitation fluid in the 
first 5 days and during the entire ICU stay in this bina-
tional, multicentre randomised trial. This difference in 
volumes of resuscitation fluid did not affect fluid balances 
or rates of serious adverse reactions, use of mechanical 
ventilation or renal replacement therapy, ischaemia, or 
death with statistical significance. The number of patients 
with worsening acute kidney injury appeared to be lower 
in the fluid restriction group as compared to the standard 
care group. However, our trial was not powered to show 
differences in any of these outcomes.

Fluid resuscitation is complex in patients with septic 
shock and may be influenced by setting, timing, use of 
haemodynamic triggers and targets and co-interventions 
as well as focus of infection and co-morbidities [11–13]. 
The current guideline is based on low level of evidence 
and recommends a minimum of 30  mL/kg followed by 
continued fluid resuscitation as long as haemodynamic 
variables improve [1]. Our fluid restriction protocol chal-
lenged in particular the latter part of the guideline. We 
enrolled ICU patients who had received the 30  mL/kg 
and observed a median 4.5 L of fluid given prior to ran-
domisation, volumes that are similar to the total fluid 
volumes given at the end of the 6-h intervention period 
in the recent early goal-directed therapy trials [14–17]. 
The patients in those trials were enrolled in emergency 
departments before any transfer to ICU. In the ICU set-
ting after the initial resuscitation, our fluid restriction 
protocol resulted in marked reduction in volumes of 
resuscitation fluid as compared with our standard care 
protocol where use of resuscitation fluids was continued 
for some days after randomisation.

We observed lower numbers of patients with worsen-
ing acute kidney injury in the fluid restriction group as 
compared with the standard care group in the explora-
tory analyses. This may seem counterintuitive; fluids 
are, in fact, often given by ICU clinicians for oliguria 
[18]. Our trial was relatively small, and chance or base-
line imbalance, including the rates of pulmonary focus 
of sepsis and AKI at baseline, may have contributed to 
our results. On the other hand, the results of the recent 
PROCESS (Protocol-based Care for Early Septic Shock) 
trial indicated higher volumes of resuscitation fluid given 
and higher rates of new-onset acute kidney injury in the 
protocol-based standard therapy group as compared with 
the early goal-directed therapy group and the usual care 
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group [14]. In two recent cohort studies adherence to the 
SSC resuscitation bundle, which included administra-
tion of a minimum of 30  mL/kg of crystalloids early in 
septic shock, was associated with improved survival [19, 
20]. The interpretation of these data may not conflict that 
of our data, because our patients had received 30 mL/kg 
of fluid at enrolment. The results of other cohort stud-
ies have associated higher fluid balances in the first days 
of ICU stay with worse outcomes in patients with sep-
sis, including those with acute kidney injury [2, 21, 22]. 
We did not observe statistically significant differences in 
total fluid input or balances at day 5 most likely because 
of the large variations in these volumes. Of note, the 
pretrial power estimation for the detectable difference 
in total fluid input was more than twofold higher than 
that of resuscitation fluid. Because we only intervened in 
administration of resuscitation fluids, statistically signifi-
cant differences in total fluid inputs were not expected. 
Also, the observed point estimates for total inputs were 
similar to those for the volumes of resuscitation fluids. In 
any case, it is difficult to compare the potential benefits 
and harms of fluids given for resuscitation and mainly 

given early with fluids as maintenance and with nutri-
tion and medications during the entire ICU stay. Taken 
together there is evidence to suggest that lower volumes 
of resuscitation fluid improve outcomes as compared to 
higher fluid volumes in patients with septic shock, and to 
our knowledge there are no high-quality data supporting 
use of higher fluid volumes in these patients. Given these 
uncertainties and the abundant use of fluid in patients 
with septic shock, additional high-quality trials are 
needed to assess the effects on patient-centred outcomes 
of protocols aimed at restricting volumes of resuscitation 
fluid in these patients. Our results indicate that it is fea-
sible to protocolize and restrict resuscitation fluids across 
multiple ICUs.

Our trial has limitations. The trial was designed to 
show differences in volumes of resuscitation fluid and 
was, therefore, relatively small; we could not mask the 
intervention for investigators, clinicians and patients; and 
there may have been some baseline imbalance and dif-
ferences in co-interventions between the two groups. All 
these factors may have affected the results. Administra-
tion of at least 30 mL/kg of fluid had to be documented 

Table 2 Primary and secondary outcome measures

Values in the two intervention groups are presented as medians (interquartile ranges) [estimated mean values adjusted for trial site] unless otherwise specified

A total of 33 patients (8 had died and 25 had been discharged) and 32 (7 had died and 25 had been discharged) were not in the ICU on day 5 in the fluid restriction 
group and the standard care group, respectively. The ICU length of stay was median 6 days (IQR 3–11) and 5 (3–10) in the fluid restriction group and the standard care 
group, respectively

CI confidence interval, NA not applicable
a Estimated mean of the restrictive group minus estimated mean of the standard care group
b Non-parametric p values. The estimated differences are presented where applicable even though the assumptions for parametric testing were not fully met
c The total input of non-resuscitation fluids is presented in Table S16 in ESM 1
d Serious adverse reactions to isotonic crystalloids and norepinephrine were recorded daily as anaphylaxis, hypernatraemia, hyperchloraemic acidosis, seizures, 
central pontine myelinolysis, cerebral haemorrhage, cardiac arrhythmia or delirium
e Observed mean presented

Outcome Fluid restriction  
group (n = 75)

Standard care  
group (n = 76)

Fluid restriction  
vs. standard care (95 % CI)a

P value

Co-primary outcome measures

 Volumes of resuscitation fluid (mL)

  First 5 days after randomisation 500 (0 to 2500) [1687] 2000 (1000 to 4100) [2928] −1241 (−2043 to −439) <0.001b

  During ICU stay after  
randomisation

500 (0 to 3250) [1992] 2200 (1000 to 4750) [3399] −1407 (−2358 to −456) <0.001b

Secondary outcome measures

 Total fluid input (mL)c

  First 5 days after randomisation 12,411 (5518 to 17,035) [11,777] 13,687 (7163 to 17,082) [12,597] −820 (−2968 to 1329) 0.45

  During ICU stay after  
randomisation

18,291 (5518 to 34,045) [21,459] 16,970 (7163 to 29,889) [23,495] −2036 (−10,920 to 6848) 0.65

 Cumulated fluid balance (mL)

  First 5 days after randomisation 1752 (−1153 to 3758) [2141] 2680 (407 to 5114) [3289] −1148 (−2531 to 235) 0.06b

  During ICU stay after  
randomisation

1923 (−1964 to 5415) [2,032] 2014 (−168 to 4678) [2507] −475 (−2254 to 1304) 0.60

 Serious adverse reactionsd

  Number of reactions per day 
during the ICU stay

0.14 (0 to 0.50) [0.37]e 0.15 (0 to 0.52) [0.33]e NA 0.85b
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prior to inclusion, which may have resulted in selection 
of specific patient groups. Thus, we may have included 
more surgical patients than was done in other recent 
ICU trials in septic shock [23–25]. Use of colloids for 
circulatory impairment was not allowed in both groups, 
which might have reduced the external validity of our 
results. Additionally, we observed a relatively high num-
ber of protocol violations, including the administration of 
resuscitation fluid to patients who did not fulfil the crite-
ria in the fluid restriction group, which reduces the inter-
nal and external validity of our results. Also, albumin was 
administered for circulatory impairment in both groups. 
In general, protocol violations may be difficult to avoid 

in trials of complex interventions in ICU [9, 23, 25], and 
despite these protocol violations we observed separation 
in resuscitation fluid volumes between the two interven-
tion groups. Potential measures to lessen the number 
protocol violations in a large-scale trial include promot-
ing the results of the present trial, which did not indicate 
safety concerns, and allowing resuscitation fluid in the 
restriction group on the basis of tachycardia and a lower 
lactate threshold.

The strengths of our trial include lower risk of bias 
as group allocation was concealed and the statistician 
adhered to the predefined statistical analysis plan while 
blinded to the intervention. It is reasonable to assume 

Fig. 2 Percentiles of resuscitations fluids (the primary outcome) given in the restriction group and standard care group after randomisation. 
Resuscitation fluid was defined as the cumulated volumes of 0.9 % saline, Ringer’s lactate, Ringer’s acetate and colloid solutions given for circulatory 
impairment as noted by the clinicians. Lower volumes of resuscitation fluid were given after randomisation in the first 5 days in ICU (p < 0.001) and 
during the entire ICU stay (p < 0.001) in the fluid restriction group vs. the standard care group. More detailed analyses are presented in Table 2
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that our results are generalizable, because patients were 
recruited in both university and non-university hospitals 
and the majority of patients screened were included. In 
addition, most patient characteristics and outcome rates 
were comparable to those of some recent trials in ICU 
patients with septic shock [23–25].

In conclusion, a protocol aimed at restricting resus-
citation fluid was feasible and resulted in reduced vol-
umes of resuscitation fluid as compared with a protocol 
aimed at standard care in ICU patients with septic shock 
who had undergone initial resuscitation. As the explora-
tory outcomes suggested benefit from fluid restriction 

Fig. 3 Exploratory outcome measures. a Odds ratios (black boxes) with 95 % confidence intervals (horizontal lines) for the binary explorative out-
comes in the fluid restriction group vs. the standard care group as assessed by logistic regression analyses with adjustment for the stratification vari-
able (trial site). Ischaemic events were defined as at least one of the following during ICU stay: intestinal, limb, ischaemia or myocardial ischaemia. 
Worsening acute kidney injury (AKI) was defined as worsening of the KDIGO stage (plasma creatinine criteria or use of renal replacement therapy). 
A total of 6 patients (4 %) had either missing baseline plasma creatinine or did not have any plasma creatinine measurements during ICU stay—
these patients were not included in the above complete case analysis. Since p of Little’s test was less than 0.001 and one auxiliary variable (rate of 
serious adverse reactions) was highly correlated (|r| = 0.53) with worsening of KDIGO we did multiple (monotone) imputation. The results were 
comparable to that of the complete case analysis including that of the inference (p = 0.03). On the request of reviewers, we conducted a post hoc 
sensitivity analysis excluding patients with KDIGO stage 3 at baseline from the analysis of worsening of AKI; excluding these patients, 27/66 vs. 39/68 
had worsening of AKI in the fluid restriction group vs. standard care group [odds ratio 0.52 (95 % confidence interval (CI) 0.26–1.02; p = 0.058)]. b 
Survival curves and the number of patients at risk censored at the time of follow-up of the last randomised patient (4 November 2015) for the two 
intervention groups. The median time of follow-up was 262 days (interquartile range 173–326). P of the logrank test was 0.77. Using the Cox analysis 
adjusted by the stratification variable (site) the hazard ratio between the fluid restriction group and the standard care group was 0.89 (CI 0.54–1.45; 
p = 0.64)
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and fluid is abundantly used in septic shock, we need 
large, high-quality trials assessing benefits vs. harms of 
lower vs. higher volumes of resuscitation fluid in these 
patients.
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