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BACKGROUND
Intravenous fluids and vasopressor agents are commonly used in early resuscita-
tion of patients with sepsis, but comparative data for prioritizing their delivery are 
limited.

METHODS
In an unblinded superiority trial conducted at 60 U.S. centers, we randomly as-
signed patients to either a restrictive fluid strategy (prioritizing vasopressors and 
lower intravenous fluid volumes) or a liberal fluid strategy (prioritizing higher 
volumes of intravenous fluids before vasopressor use) for a 24-hour period. Ran-
domization occurred within 4 hours after a patient met the criteria for sepsis-
induced hypotension refractory to initial treatment with 1 to 3 liters of intravenous 
fluid. We hypothesized that all-cause mortality before discharge home by day 90 
(primary outcome) would be lower with a restrictive fluid strategy than with a 
liberal fluid strategy. Safety was also assessed.

RESULTS
A total of 1563 patients were enrolled, with 782 assigned to the restrictive fluid 
group and 781 to the liberal fluid group. Resuscitation therapies that were admin-
istered during the 24-hour protocol period differed between the two groups; less 
intravenous fluid was administered in the restrictive fluid group than in the lib-
eral fluid group (difference of medians, −2134 ml; 95% confidence interval [CI], 
−2318 to −1949), whereas the restrictive fluid group had earlier, more prevalent, 
and longer duration of vasopressor use. Death from any cause before discharge 
home by day 90 occurred in 109 patients (14.0%) in the restrictive fluid group and 
in 116 patients (14.9%) in the liberal fluid group (estimated difference, −0.9 per-
centage points; 95% CI, −4.4 to 2.6; P = 0.61); 5 patients in the restrictive fluid 
group and 4 patients in the liberal fluid group had their data censored (lost to 
follow-up). The number of reported serious adverse events was similar in the two 
groups.

CONCLUSIONS
Among patients with sepsis-induced hypotension, the restrictive fluid strategy that 
was used in this trial did not result in significantly lower (or higher) mortality 
before discharge home by day 90 than the liberal fluid strategy. (Funded by the 
National Heart, Lung, and Blood Institute; CLOVERS ClinicalTrials.gov number, 
NCT03434028.)
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Intravenous fluid resuscitation is a 
common therapy used in the initial treatment 
of patients with septic shock and sepsis-

induced hypotension. The goal of initial f luid 
therapy is to increase depleted or functionally 
reduced intravascular volume that occurs in sep-
sis owing to a vasodilated vascular network.1 
This approach can augment macrovascular per-
fusion (e.g., stroke volume and cardiac output) 
and microvascular perfusion (e.g., capillary blood 
flow) and counter organ hypoperfusion, a factor 
in the pathophysiology of sepsis that tends to 
drive resuscitation practices. However, intrave-
nous fluid resuscitation can create dilutional 
coagulopathy, f luid overload, and pathogenic 
edema in the lungs and other organs.2 Vasopres-
sor agents are also commonly used to treat hypo-
perfusion by inducing constriction of arterioles 
and venules and increasing cardiac contractility. 
Vasopressor therapy also comes with risks that 
include vasoconstriction resulting in tissue ische-
mia, increased cardiac work load, and arrhyth-
mias. For decades, clinicians have used these 
two therapies, typically in combination, to pro-
vide supportive care for patients with sepsis-
induced hypoperfusion. There are limited data 
to guide specific use of intravenous fluids or 
vasopressors in the early care of patients with 
sepsis-induced hypotension.

Previous trials have shown that early recogni-
tion of sepsis and hypotension or shock allows 
for the delivery of therapies that improve out-
comes, a situation that highlights the key need 
for prompt action.3,4 Although the administra-
tion of large volumes of fluid (a liberal fluid 
strategy) is a common practice during the initial 
resuscitative phase of septic shock management, 
this practice is based on low-quality evidence.1,5 
Arguments based on physiological factors and 
observational data provide a strong rationale for 
an alternative approach that uses lower volumes 
of fluid and earlier initiation of vasopressor 
agents (a restrictive fluid strategy); this approach 
is of growing interest.5-11 Although observational 
clinical studies suggest that a restrictive f luid 
strategy is potentially superior to a liberal f luid 
strategy,12-14 a recent randomized clinical trial 
involving patients in the intensive care unit 
(ICU) showed no difference in 90-day mortality 
or other outcomes when comparing a restrictive 
approach to unguided resuscitation.15 The lack 

of robust data to guide fluid and vasopressor use 
for early sepsis care contributes to practice vari-
ability and controversy around approaches to 
fluid and vasopressor use, especially in the early 
phase of resuscitation.

We conducted the Crystalloid Liberal or Vaso-
pressors Early Resuscitation in Sepsis (CLOVERS) 
trial to compare the effects of a restrictive fluid 
strategy (with early use of vasopressors) to a 
liberal f luid strategy. We hypothesized that a 
restrictive fluid strategy used during the first 24 
hours of resuscitation for sepsis-induced hypo-
tension would lead to lower mortality before 
discharge home by day 90 than a liberal fluid 
strategy.

Me thods

Trial Oversight

This multicenter, randomized, unblinded superi-
ority trial was funded by the National Institutes 
of Health National Heart, Lung, and Blood Insti-
tute (NHLBI) as part of the Prevention and Early 
Treatment of Acute Lung Injury (PETAL) Net-
work. The PETAL Clinical Coordinating Center 
oversaw data acquisition and handling, and the 
members of the writing committee created the 
trial protocol and statistical analysis plan (avail-
able with the full text of this article at NEJM 
.org). A central institutional review board and 
NHLBI-appointed independent data and safety 
monitoring board reviewed and approved the 
trial protocol. All the patients or their legal au-
thorized representatives provided written in-
formed consent for participation in the trial.

Patients

Adult patients (≥18 years of age) with a sus-
pected or confirmed infection (broadly defined 
as the administration or planned administration 
of antibiotic agents) and sepsis-induced hypo-
tension (systolic blood pressure, <100 mm Hg 
after the administration of ≥1000 ml of intrave-
nous fluid) were eligible. Key exclusion criteria 
were an elapse of more than 4 hours since the 
meeting of the criteria for hypotension refrac-
tory to the intravenous administration of at least 
1000 ml of fluid, an elapse of more than 24 
hours since presentation at the hospital, previous 
receipt of more than 3000 ml of intravenous 
fluid during this episode (including prehospital 
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administration of fluid by emergency medical 
services), the presence of f luid overload, and 
severe volume depletion from nonsepsis causes. 
Patients were enrolled at trial sites when research 
personnel were available to obtain informed 
consent from patients or their legal authorized 
representatives; the hours during which research 
personnel were available varied across locations 
but was typically during daytime and evening 
hours with less coverage on weekends. A com-
plete list of the enrollment criteria is provided 
in the Supplementary Appendix, available at 
NEJM.org.

Trial Procedures

We randomly assigned participants in a 1:1 ratio 
to either a restrictive fluid strategy (with early 
vasopressor use) or a liberal fluid strategy; in each 
group, the assigned protocol was followed for a 
period of 24 hours. Randomization was con-
ducted with the use of a Web-based centralized 
system, with stratification according to trial site. 
The restrictive fluid protocol prioritized vaso-
pressors as the primary treatment for sepsis-
induced hypotension, with “rescue fluids” being 
permitted for prespecified indications that sug-
gested severe intravascular volume depletion 
(Fig. 1A). The liberal fluid protocol consisted of 
a recommended initial 2000-ml intravenous in-
fusion of isotonic crystalloid, followed by fluid 
boluses administered on the basis of clinical 
triggers (e.g., tachycardia) with “rescue vaso-
pressors” permitted for prespecified indications 
(Fig. 1B). A protocol amendment implemented 
in October 2019 allowed for limiting the initial 
infusion to 1000 ml if the patient’s blood pres-
sure and heart rate had stabilized (systolic blood 
pressure of ≥110 mm Hg or mean arterial pres-
sure of ≥70 mm Hg and heart rate of <90 beats 
per minute) and the clinical assessment was that 
the patient was “volume replete” (i.e., was un-
likely to benefit from additional intravenous 
f luid administration) (see the Supplementary 
Appendix).

A combination of a trial team supporting the 
protocol (e.g., answering questions and helping 
to implement the protocol) and the clinical team 
following the protocol guided the use of vaso-
pressors and fluids for 24 hours. As a protocol-
specified option, the clinical team could over-
ride the protocol-specified care instructions at 

any time if it was judged to be in the best inter-
est of the patient. We allowed the initial admin-
istration of vasopressor therapy through either a 
central venous catheter or a peripheral intrave-
nous catheter sized 20 gauge or larger; this 
practice was outlined in the trial protocol and 
informed consent form. We monitored protocol 
adherence in the first 300 patients and in a 10% 
random sample of patients throughout the rest 
of the trial (see the Supplementary Appendix).

Outcomes

The primary outcome was death from any cause 
before discharge home by day 90. We defined 
home as the same setting or a setting similar to 
the one where the patient resided before becom-
ing ill. Thus, if a patient originated from a pri-
vate residence and was discharged from the 
hospital to a rehabilitation setting, we assessed 
for vital status until return to the private resi-
dence.

Secondary outcomes included 28-day measures 
of the number of days free from ventilator use, 
days free from renal-replacement therapy, days 
free from vasopressor use, days out of the ICU, 
and days out of the hospital. Systematically col-
lected data on safety outcomes included the 
initiation of mechanical ventilation, new-onset 
atrial and ventricular arrhythmias, and compli-
cations related to peripheral and central venous 
catheter use.

Statistical Analysis

We sought to detect an absolute between-group 
difference of 4.5 percentage points in the inci-
dence of death before discharge home by day 90 
(the primary outcome), assuming death would 
occur in 15% of the patients in the liberal fluid 
group and in 10.5% of those in the restrictive 
fluid group. Therefore, we estimated that a total 
sample of 2320 patients would need to be en-
rolled in order for the trial to have 90% power at 
an overall two-sided alpha level of 0.05. In addi-
tion, the design incorporated prespecified crite-
ria to stop the trial for efficacy in either group 
or for futility. The data and safety monitoring 
board could recommend termination of the trial 
on the basis of data review at one third and two 
thirds of the total projected enrollment.

Analysis of the primary outcome used Kaplan–
Meier 90-day mortality point estimates involving 
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Start restrictive fluid protocol:
Halt all bolus and maintenance fluids
Administer fluid boluses to up to 2 liters of

total fluid, including prerandomization fluid
at the discretion of the clinical team without
criteria for rescue fluids being met 

Systolic blood pressure <100 mm Hg or MAP <65 mm
Hg after receipt of  1–3 liters of crystalloids

Does patient meet the following criterion?
MAP <65 mm Hg or

systolic blood pressure <90 mm Hg

Continue to limit fluids to KVO IV,
medications, and nutrition

Adjust norepinephrine dose to
achieve MAP ≥65 mm Hg

Add second vasopressor if needed

Reassess within 1 hr Reassess after intervention

Rescue fluids recommended:
consider 500-ml boluses

A Protocol for Restrictive Fluid Group (follow for 24 hr)

No Yes

Yes

Rescue Fluids Recommended
500-ml bolus of IV fluid allowed for any of the following

conditions:
Severe hypotension (systolic blood pressure

<70 mm Hg or MAP <50 mm Hg)
Refractory hypotension (systolic blood pressure

<90 mm Hg or MAP <65 mm Hg) with adminis-
tration of norepinephrine at dose of 20 µg/min or
of an equivalent dose of another vasopressor

Lactate level >4 mmol/liter and increasing after 2 hr
of therapy

Sinus heart rate >130 beats/min for >15 min
Echocardiographic or hemodynamic evidence of

extreme hypovolemia
Rescue fluids may be administered at any time 

if the clinical team believes that it is in the best
interest of the patient 

Return to Care without Trial
Guidance for Any of the

Following Reasons:
Suspicion of central (e.g., bowel)

or peripheral (e.g., limb or digit)
ischemia or presence of mottling

>24 Hr have elapsed since protocol
initiation

Systolic blood pressure <100 mm Hg or MAP <65 mm
Hg after receipt of  1–3 liters of crystalloids

Start liberal fluid protocol:
Halt all maintenance fluids
Give 2000-ml crystalloid infusion at randomization (to be completed within 180 min

after randomization; clinician may extend infusion time at any point during the 2000-ml
infusion if indicated for a given patient). Monitor for signs of overload.

Conduct clinical assessment at the end of the first liter. If blood pressure and heart rate are
normalized and clinical assessment is that the patient is volume-replete, may forego
second liter. 

Limit vasopressors if in use Administer 500-ml bolus

Reassess within 1 hr Reassess after intervention

Vasopressor use recommended

B Protocol for Liberal Fluid Group (follow for 24 hr)

No Yes

Yes

Rescue Vasopressors Recommended
Administer for any of the following conditions:

Severe hypotension (systolic blood pressure
<70 mmHg or MAP <50 mm Hg)

Lactate level  >4 mmol/liter and increasing after 2 hr
of therapy

Clinical manifestations of fluid overload (halt fluids)
>5 Liters total IV fluid administered
Vasopressors may be administered at any time if the

clinical team believes that it is in the best interest of
the patient, with safe weaning once the fluid boluses
have their effect

Return to Care without Trial 
Guidance for Any of the

Following Reasons:
Suspicion of central (e.g., bowel)

or peripheral (e.g., limb or digit)
ischemia or presence of mottling

>24 Hr have elapsed since protocol
initiation

≥5 Liters of fluid have been admin-
istered (including before and
after randomization)

Rescue fluids
recommended?

Rescue
vasopressors

recommended?

Does patient meet any of the following criteria?
MAP <65 mm Hg or systolic blood pressure <90 mm Hg
Lactate level  >4 mmol/liter and increasing 
Decreased urinary output (<30 ml/hr)
Sinus heart rate  >110 beats/min
Receipt of vasopressors to maintain systolic blood pressure

≥90 mm Hg or MAP ≥65 mm Hg
Measured assessment
Clinical assessment
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all the patients who were discharged home or 
were still alive at day 90, with data censored at 
day 91. Patients who were lost to follow-up had 
their data censored at the time that they were 
last known to be alive. We compared the 90-day 
mortality point estimates in the two treatment 
groups using a z test with Greenwood’s standard 
error16 and a 95% Wald confidence interval for 
the difference in mortality. We assessed the 
number of adverse events using Poisson regres-
sion. For all the other outcomes, we report mean 
or percentage differences with 95% Wald confi-
dence intervals and median differences using 
the inverted rank-score test.17 For the primary 
outcome, we used forest plots to assess treatment 
heterogeneity for prespecified patient character-
istics. The primary outcome was assessed in sub-
groups defined according to age (≤65 or >65 years); 
sex; race; ethnic group; location at the time of 
randomization; presence or absence of chronic 
heart failure, end-stage renal disease, baseline 

systolic blood pressure less than 90 mm Hg or 
vasopressor use, or history of hypertension; total 
Sequential Organ Failure Assessment score (in 
quartiles); and primary source of infection (pneu-
monia or other).

All the analyses used an intention-to-treat ap-
proach (including all the patients who had un-
dergone randomization). All the P values are 
two-sided, and no adjustment to P values or 
confidence intervals was made for multiple com-
parisons, such that, except for the primary and 
safety outcomes, they cannot be used for hy-
pothesis testing. All the statistical analyses were 
conducted with the use of SAS software, version 
9.4 (SAS Institute). Further details are provided 
in the statistical analysis plan.

R esult s

Characteristics of the Patients

From March 7, 2018, to January 31, 2022, we 
enrolled 1563 patients at 60 U.S. centers. A total 
of 782 patients were assigned to the restrictive 
fluid group and 781 to the liberal fluid group 
(Fig. S1 in the Supplementary Appendix). The 
data and safety monitoring board recommended 
the halting of the trial for futility at the second 
interim analysis owing to a lack of between-
group differences in the primary and secondary 
outcomes (Tables S9 and S10).

Patients in the two groups had similar base-
line characteristics and treatment before random-
ization (Table 1 and Tables S1 and S2). Patients 
in the restrictive fluid group and the liberal 
fluid group had received similar volumes of in-
travenous fluid before randomization (median, 
2050 ml [interquartile range, 1500 to 2457] and 
2050 ml [interquartile range, 1371 to 2442], re-
spectively). The percentage of patients receiving 
vasopressors at randomization was similar in 
the two groups (21% in the restrictive fluid 
group and 18% in the liberal fluid group). The 
median time from meeting the trial eligibility 
criteria to randomization was also similar in the 
two groups (61 minutes in the restrictive fluid 
group and 60 minutes in the liberal fluid group).

Protocol-Guided Resuscitation Treatments

During the first 6 hours after randomization, 
the volume of administered intravenous fluid 
differed between the groups, with a median of 
500 ml (interquartile range, 130 to 1097) in the 

Figure 1 (facing page). Fluid and Vasopressor 
 Administration Protocols in the Restrictive Fluid  
Group and the Liberal Fluid Group.

Panel A shows the instructions for intravenous (IV) 
fluid and vasopressor administration in the restric
tive fluid group, and Panel B the instructions in the 
liberal f luid group. In both trial groups, all protocol 
assessments, such as frequency of vitalsign monitor
ing, lactic acid measurements, and echocardiographic 
interventions, were performed at the discretion of the 
clinical team. The restrictive fluid protocol suggested 
norepinephrine as the primary vasopressor and epi
nephrine as a second vasopressor; neither was required. 
The restrictive fluid protocol defined “echocardiographic 
or hemodynamic evidence of extreme hypovolemia” as 
a maximal diameter of the inferior vena cava (IVC) of 
less than 5 mm, an empty left ventricle on echocar
diography (e.g. left ventricular end diastolic area index, 
<5.5 cm2 per square meter of bodysurface area), or 
strokevolume increase of more than 30% in response 
to a passive leg raise, fluid challenge, or positivepres
sure breaths. KVO denotes keep vein open, and MAP 
mean arterial pressure. The liberal fluid protocol in
structed that patients receiving vasopressors should 
have the dose adjusted down or vasopressors discon
tinued, as feasible. The protocol included an instruc
tion that care team members could use any available 
“measured assessment” they chose (e.g. echocardiog
raphy, IVC measurement, or central venous pressure 
measurement) or any type of “clinical assessment” of 
volume status to trigger use of additional fluids. If a 
 patient had manifestations of fluid overload, fluids 
were to be halted. The liberal fluid protocol also ex
pressly permitted the use of vasopressors after the 
 administration of 5 liters of total fluid.
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restrictive fluid group and 2300 ml (interquartile 
range, 2000 to 3000) in the liberal fluid group, 
yielding a difference of −1800 ml (95% confi-
dence interval [CI], −1889 to −1711) (Table 2 and 
Figs. S2 and S3). The cumulative median volume 
of fluid administered during the 24 hours after 
randomization was also lower in the restrictive 
fluid group (1267 ml; interquartile range, 555 to 
2279) than in the liberal fluid group (3400 ml; 
interquartile range, 2500 to 4495), with a mean 
difference of −2134 ml (95% CI, −2318 to −1949) 
(Table 2).

Vasopressors were more commonly used in 

the restrictive fluid group than the liberal fluid 
group (in 59% vs. 37% of the patients), initiated 
earlier (mean difference, −1.4 hours; 95% CI, 
−2.0 to −0.8), and used for longer during the 
first 24 hours (mean difference, 4.2 hours; 95% 
CI, 3.3 to 5.2). The total median cumulative vol-
umes of fluid administered, including the pre-
enrollment fluids through 24 hours after ran-
domization, were 3300 ml (interquartile range, 
2550 to 4350) in the restrictive fluid group and 
5400 ml (interquartile range, 4400 to 6575) in 
the liberal fluid group. The subsequent adminis-
tration of intravenous fluids beyond the protocol 

Table 1. Characteristics of the Patients at Baseline.*

Characteristic
Restrictive Fluid Group 

(N = 782)
Liberal Fluid Group 

(N = 781)
Total 

(N = 1563)

Age — yr 59.1±16.0 59.9±15.9 59.5±15.9

Female sex — no. (%) 371 (47.4) 366 (46.9)  737 (47.2)

Race — no. (%)†

White 534 (68.3) 571 (73.1) 1105 (70.7)

Black 135 (17.3) 112 (14.3)  247 (15.8)

Asian 28 (3.6) 26 (3.3)  54 (3.5)

Other 10 (1.3)  6 (0.8)  16 (1.0)

Not reported  78 (10.0) 67 (8.6) 145 (9.3)

Hispanic or Latino ethnic group — no. (%)†

Yes 118 (15.1) 108 (13.8)  226 (14.5)

No 628 (80.3) 646 (82.7) 1274 (81.5)

Not reported 36 (4.6) 27 (3.5)  63 (4.0)

Coexisting conditions — no./total no. (%)

Diabetes 222/777 (28.6) 224/773 (29.0) 446/1550 (28.8)

Chronic heart failure  99/777 (12.7)  79/773 (10.2) 178/1550 (11.5)

Endstage renal disease treated with hemo
dialysis

33/777 (4.2) 40/773 (5.2) 73/1550 (4.7)

SOFA score‡ 3.4±2.8 3.5±2.7 3.4±2.7

Systolic blood pressure — mm Hg 93.2±12.0 93.8±12.2 93.5±12.1

Median time from meeting trial eligibility criteria 
to randomization (IQR) — min

61 (26–116) 60 (25–117) 61 (26–116)

Location at randomization — no. (%)

Emergency department 729 (93.2) 708 (90.7) 1437 (91.9)

ICU 44 (5.6) 62 (7.9) 106 (6.8)

Other  9 (1.2) 11 (1.4)  20 (1.3)

Median volume of fluid administered before  
randomization (IQR) — ml

2050 (1500–2457) 2050 (1371–2442) 2050 (1450–2450)

*  Plus–minus values are means ±SD. ICU denotes intensive care unit, and IQR interquartile range.
†  Race and ethnic group were reported by the patients or their legal representative. More than one race may have been reported per patient. 

“Other” race included Native American or Pacific Islander.
‡  Sequential Organ Failure Assessment (SOFA) scores range from 0 to 20, with higher scores indicating greater severity.
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period was similar up to 7 days after randomiza-
tion (Table S3). Lactated Ringer’s solution was 
the most common type of f luid administered 
(Tables S4 and S5).

Audited protocol adherence was high in both 
groups, with overall adherence at 97% in the 
restrictive fluid group and 96% in the liberal 
fluid group; adherence was sustained over the 
duration of the trial (Table S6). The October 
2019 amendment had minimal effect on treat-
ment delivery (Table S7). Although ICU admis-
sion was not part of the treatment protocol, in a 
post hoc analysis we identified that 525 of 780 
patients (67.3%) in the restrictive fluid group 
and 462 of 780 patients (59.2%) in the liberal 
fluid group were admitted to the ICU during the 
protocol period (difference, 8.1 percentage points; 
95% CI, 3.3 to 12.8); 2 patients in the restrictive 
fluid group and 1 patient in the liberal fluid 
group had indeterminate ICU status (Table S8).

Efficacy Outcomes

Death before discharge home by day 90 (the 
primary outcome) occurred in 109 patients 
(14.0%) in the restrictive fluid group and in 116 
patients (14.9%) in the liberal fluid group (esti-
mated difference, −0.9 percentage points; 95% 
CI, −4.4 to 2.6; P = 0.61) (Table 3, Table S11, and 
Figs. S4 and S5); 5 patients in the restrictive 

fluid group and 4 patients in the liberal fluid 
group had their data censored (lost to follow-up). 
In prespecified subgroup analyses, treatment ef-
fects were not observed in subgroups defined 
according to systolic blood pressure of less than 
90 mm Hg or receipt of vasopressors at random-
ization (estimated difference, −1.6 percentage 
points; 95% CI, −7.7 to 4.4), chronic heart failure 
(estimated difference, −3.4 percentage points; 
95% CI, −15.3 to 8.5), end-stage renal disease 
(estimated difference, −20.2 percentage points; 
95% CI, −41.9 to 1.5), and pneumonia as the cause 
of sepsis (estimated difference, 2.2 percentage 
points; 95% CI, −5.6 to 9.9) (Fig. 2). The second-
ary outcomes are reported in Table 3. Post hoc 
analysis showed no site effects (Fig. S7).

Safety Outcomes

The number of reported serious adverse events 
was similar in the restrictive f luid group (21) 
and the liberal fluid group (19) (Table 3). There 
were fewer reported serious adverse events of 
episodes of fluid overload in the restrictive fluid 
group than in the liberal f luid group (0 vs. 3) 
and fewer serious adverse events of pulmonary 
edema (0 vs. 3) (Tables S12 through S15). The 
incidence of new invasive ventilation (at 0 to 24 
hours; a systematically collected outcome) was 
6.2% in the restrictive fluid group and 6.8% in 

Table 2. Therapies Administered during the Trial Intervention Period.*

Therapies
Restrictive Fluid Group 

(N = 782)
Liberal Fluid Group 

 (N = 781)
Difference 
(95% CI)†

Median volume of IV fluid administered (IQR) — ml‡

Over 6hr period  500 (130 to 1097) 2300 (2000 to 3000) −1800 (−1889 to −1711)

Over 24hr period 1267 (555 to 2279) 3400 (2500 to 4495) −2134 (−2318 to −1949)

Vasopressor administration during first 24hr period  
— no./total no. (%)

460/780 (59.0) 290/779 (37.2) 21.7 (16.9 to 26.6)

Time from randomization to first vasopressor among 
 patients who had vasopressors administered — hr§

1.8±3.4 3.2±4.7 −1.4 (−2.0 to −0.8)

Duration of vasopressor use during first 24hr period 
among patients who received vasopressor therapy 
— hr¶

9.6±10.0 5.4±8.6 4.2 (3.3 to 5.2)

*  Plus–minus values are means ±SD. Confidence intervals have not been adjusted for multiplicity and may not be used for hypothesis testing.
†  Differences are medians (for differences in volume), means (for differences in time), or percentage points (for differences between percents).
‡  Estimates of the volume of intravenous (IV) fluid administered were computed on the basis of quantile regression with the use of the proc 

quantreg statement. The volume of fluid administered over a 6hour period was assessed in 1550 patients (in 771 in the restrictive fluid 
group and 779 in the liberal fluid group), and the volume administered over a 24hour period was assessed in 1555 patients (in 776 and 
779, respectively).

§  Data on the time from randomization to first receipt of vasopressor therapy were available for 743 patients (for 458 in the restrictive fluid 
group and 285 in the liberal fluid group).

¶  The duration of vasopressor use was assessed in 1542 patients (in 774 in the restrictive fluid group and 768 in the liberal fluid group).
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the liberal fluid group (difference, −0.6 percent-
age points; 95% CI, −3.1 to 1.9) (Table S16). We 
also systematically collected data regarding use 
of and adverse outcomes related to vasopressor 
use through central and peripheral venous cath-
eters (Tables S17, S18, and S19). We found three 
instances of potential vasopressor extravasation 

among 500 patients (310 patients in the restric-
tive fluid group and 190 in the liberal fluid 
group) who received peripherally administered 
vasopressors between randomization and 72 
hours; these three events resolved without inter-
vention and did not have any residual clinical 
consequences.

Table 3. Outcomes.*

Outcome
Restrictive Fluid Group 

(N = 782)
Liberal Fluid Group 

(N = 781)
Difference 
(95% CI)†

No. of 
Patients Mean (95% CI)

No. of 
Patients Mean (95% CI)

Death before discharge home by day 90 
— % of patients‡

782 14.0 (11.6 to 16.4) 781 14.9 (12.4 to 17.4) −0.9 (−4.4 to 2.6)§

No. of days free from organsupport 
therapy at 28 days

778 24.0 (23.4 to 24.6) 778 23.6 (23.0 to 24.3) 0.3 (−0.5 to 1.2)

No. of days free from ventilator use  
at 28 days

773 23.4 (22.7 to 24.1) 771 22.8 (22.0 to 23.5) 0.6 (−0.4 to 1.6)

No. of days free from renalreplace
ment therapy at 28 days

737 24.1 (23.4 to 24.8) 738 23.9 (23.2 to 24.6) 0.2 (−0.8 to 1.2)

No. of days free from vasopressor use 
at 28 days¶

778 22.0 (21.4 to 22.7) 778 21.6 (20.9 to 22.3) 0.4 (−0.5 to 1.3)

No. of days out of the ICU from day 1 
to day 28

778 22.8 (22.2 to 23.4) 778 22.7 (22.0 to 23.3) 0.1 (−0.8 to 1.0)

No of days out of the hospital by day 28 778 16.2 (15.4 to 17.0) 778 15.4 (14.6 to 16.2) 0.8 (−0.3 to 1.9)

New intubation with invasive mechani
cal ventilation by 28 days — no. of 
patients (%)

701  77 (11.0) 687  87 (12.7) −1.7 (−5.1 to 1.7)

Initiation of renalreplacement therapy 
by 28 days — no. of patients (%)

738 24 (3.3) 738 24 (3.3) 0.0 (−1.8 to 1.8)

KDIGO score on day 3‖ 585 0.35 (0.28 to 0.41) 604 0.34 (0.28 to 0.41) 0.0 (−0.1 to 0.1)

Change in SOFA score from baseline 
to 72 hr

619 −0.7 (−0.9 to −0.4) 634 −0.8 (−1.0 to −0.5) 0.1 (−0.3 to 0.4)

Death from any cause at any location 
by day 90 — no. of patients (%)

768 172 (22.4) 773 169 (21.9) 0.5 (−3.6 to 4.7)

ARDS onset between day 1 and day 7 
— no. of patients (%)

757 19 (2.5) 758 20 (2.6) −0.1 (−1.7 to 1.5)

Newonset atrial or ventricular arrhyth
mia to day 28 — no. of patients (%)

779 59 (7.6) 778 67 (8.6) −1.0 (−3.7 to 1.7)

Severe adverse event — no. of events** 782 21 781 19 2 (−10 to 14) ††

*  Percentages and mean values were calculated from nonmissing records. The numbers of patients with data are shown. Confidence intervals 
have not been adjusted for multiplicity and may not be used for hypothesis testing. ARDS denotes acute respiratory distress syndrome.

†  Differences are either means (for differences in numbers of days or events or in scores) or percentage points (for differences between 
 percents).

‡  The primaryoutcome analysis included all deaths that occurred after randomization in any heath care facility before discharge home until 
day 90 of the trial. Estimates were from Kaplan–Meier curves. There were 109 deaths and 5 patients with censored data in the restrictive 
fluid group and 116 deaths and 4 patients with censored data in the liberal fluid group.

§  P = 0.61.
¶  The analysis excluded vasopressor use during the first 48 hours in order to account for treatment assignment and a washout period.
‖  Kidney International Improving Global Outcomes (KDIGO) scores range from 1 to 3, with a score of 3 indicating the worst renal function.
**  All the adverse events are listed in Tables S14 and S15. Participants may have had more than one adverse event.
††  P = 0.75.
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Discussion

We conducted a randomized trial of two differ-
ent resuscitation strategies for managing the 
first 24 hours of sepsis-induced hypotension af-

ter the initial administration of 1 to 3 liters of 
intravenous fluid. Despite separation between 
the two groups with respect to the volume of 
intravenous fluid administered and the use of 
vasopressors, we detected no significant differ-

Figure 2. Subgroup Analysis for the Primary Outcome.

The primary outcome was death from any cause before discharge home by day 90. Estimates were from Kaplan–Meier curves. Confidence 
intervals have not been adjusted for multiplicity and may not be used for hypothesis testing. Race and ethnic group were reported by the 
patients or their legal representative. Sequential Organ Failure Assessment (SOFA) scores range from 0 to 20, with higher scores indicating 
greater severity. For the purposes of subgroup analysis, subgroups were assessed in quartiles, with quartile 1 including patients with a 
SOFA score of 0 or 1, quartile 2 those with a score of 2, quartile 3 those with a score of 3 to 5, and quartile 4 those with a score of 6 or 
higher. (In the trial, the highest SOFA score observed was 16.) ICU denotes intensive care unit.
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ence in mortality before discharge home by day 
90 (the primary outcome).

A number of observational studies have as-
sessed the association of fluid volumes with 
outcomes6,18-25; however, these investigations were 
limited by biases inherent in the observational 
study designs used, notably an indication bias in 
which more severely ill patients tend to receive 
higher f luid volumes. Previous randomized, 
controlled trials that have been conducted in 
resource-limited settings have shown that restric-
tive f luid approaches yielded better outcomes 
than liberal fluid approaches, but generalizabil-
ity to more resource–intensive settings is un-
clear.13,26 More recently, the Conservative versus 
Liberal Approach to Fluid Therapy of Septic 
Shock in Intensive Care (CLASSIC) trial com-
pared a restrictive fluid protocol with a standard 
fluid approach that resulted in greater volumes 
of fluid administration among patients who had 
already been admitted to the ICU after initial 
resuscitation; this trial showed no difference in 
90-day all-cause mortality.15 Our trial almost 
exclusively enrolled patients with a primary pre-
sentation to a hospital emergency department 
with sepsis, in contrast to the CLASSIC II trial, 
which enrolled many patients who had received 
care on a hospital ward (34%) or in the operat-
ing room (23%) before ICU admission and trial 
enrollment.

The results of the CLOVERS trial suggest that 
for the types of patients enrolled in this trial, 
the prioritization of either a vasopressor-pre-
dominant or fluid-predominant approach resulted 
in similar patient-centered outcomes. We focused 
on the larger group of patients with sepsis who 
had hypotension, in whom the treatment ap-
proach is not clearly guided by clinical circum-
stances. The patients who were enrolled in this 
trial were representative of the types of patients 
who present to the hospital with sepsis-induced 
hypotension (Tables S20 and S21); we expect our 
findings to be generalizable to these types of 
patients. Our trial required that clinicians ap-
prove their patient’s participation. Patients who 
were assessed as being not suitable candidates 
for randomization to either trial group were not 
enrolled. Therefore, trial results may not be gen-
eralizable to patient subgroups not studied, such 
as patients with extremes of volume overload or 
volume depletion. We also did not identify any 
prespecified patient features that delineated pa-

tients who were more likely to benefit from one 
approach or the other. It is possible that sub-
groups defined according to more sophisticated 
methods with the use of clinical or biologic 
measurements (e.g., biomarkers to classify sub-
phenotypes) may exist where there is a preferen-
tial treatment effect for one approach or the 
other. Future initiatives may assess for these 
types of subgroups and differential treatment 
effects.27,28

Our trial allowed for the initial administra-
tion of vasopressor agents through peripheral 
intravenous catheters as an alternative to the 
traditionally preferred central venous catheter. 
This practice facilitates earlier use of vasopres-
sors.29,30 The presence of only three occurrences 
of complications (extravasation that resolved 
without intervention or clinical consequence) 
among 500 patients who received vasopressors 
through a peripheral catheter provides data sup-
porting the safety of this practice.

In this trial, the groups used common clini-
cal characteristics and routine assessments to 
trigger protocol-directed actions for vasopressor 
and fluid administration. Other studies have used 
strategies such as the use of noninvasive hemo-
dynamic devices,31 ultrasonographic assessment 
of the variation in the diameter of the inferior 
vena cava,32 or cardiac echocardiography33 to as-
sess for volume responsiveness to guide resusci-
tation. These approaches were neither prioritized 
nor central to the resuscitation protocols that were 
tested in this trial. Future studies may consider 
incorporating these types of assessments to 
monitor and adjust the resuscitation treatments.

This trial should be interpreted in the context 
of its limitations. First, despite high adherence 
to the protocol, some patients who had been 
randomly assigned to the restrictive fluid group 
received more fluid than was intended by the 
protocol, with vasopressors given later than in-
tended by the protocol. Similarly, some patients 
who had been randomly assigned to the liberal 
fluid group received lower fluid volumes than 
were intended, with earlier use of vasopressors. 
We cannot ensure that the specific variations did 
not bias observations. Second, there are poten-
tially important subgroups (including patients 
with specific coexisting conditions for which 
data were not collected in this trial) that we did 
not assess that could benefit from one strategy 
or the other. Third, because this trial was un-
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blinded, group assignment may have influenced 
the ascertainment and reporting of adverse events 
(e.g., higher reporting of f luid overload in the 
liberal fluid group).

Fourth, we did not have a group in this trial 
in which clinicians received no instructions or 
guidance on therapy. When designing the trial, 
we decided that comparing two protocolized 
groups would be more informative about the 
relative advantages and disadvantages of differ-
ent resuscitation strategies than comparing one 
protocolized strategy to an unstructured care 
group. Although we can infer that there were no 
differences in clinical outcomes between the two 
approaches tested, we cannot infer comparison 
with an unstructured approach. Fifth, our trial 
compared two approaches to the use of fluid and 
vasopressor therapy to achieve common resusci-
tation targets for mean arterial blood-pressure 
and lactate levels and does not inform whether 
outcomes would have differed with different 
targets, such as permitting lower blood-pressure 
values. Sixth, we did not assess the safety or ef-
fectiveness of the specific resuscitation targets 
used in the trial. Seventh, the protocol duration 
was up to 24 hours; thus, it is possible that a 
longer treatment period may have produced dif-

ferent results. Eighth, enrollment of a trial popu-
lation with a higher initial severity of illness may 
have led to a greater effect on outcomes in one 
of the groups. Finally, we evaluated patients with 
sepsis-induced hypotension that was recognized 
early after hospital presentation. These findings 
may not be generalizable to patients with de-
layed recognition of sepsis-induced hypotension 
or who are in the later phases of care.

In this trial involving patients with sepsis-
induced hypotension refractory to initial treat-
ment with 1 to 3 liters of intravenous fluid, we 
found that a restrictive fluid strategy (with ear-
lier vasopressor use) did not result in significantly 
lower (or higher) mortality before discharge home 
by day 90 than a liberal fluid strategy.
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